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   People and their changing environment: 
how to deal with complexity 

 The broad  fi eld of ecology expanded during the twentieth century as a sub-discipline 
of biology, in order to combine the fundamental curiosity of scientists who wished 
to uncover the relationships between organisms and their environment with a growing 
societal awareness of the fact that we are now changing these relationships, on every 
single square metre of this planet. Nearly all of this change is to the detriment of the 
functioning of plants, animals and the communities they live in. As such, ecology 
can be seen as a success story: environmental legislation,  fi rst in the US during the 
1960s and later also in Europe, began to be informed by ecological research. Now, 
ecologists form a large and mature community, drawing students to most universities 
world-wide. However, the environment keeps changing, and environmental policies 
very frequently fail to take into account even the simplest concepts of ecology. 
For example, it seems as though few, if any, nations had established an of fi cial 
assessment of their own natural capital and ecosystem services before Norway 
recently did so. 

 Most dramatically, we  fi nd ourselves helplessly witnessing the loss of species at 
an accelerating rate, thereby eradicating the fundamental “software” that might 
provide essential functions (“services”) from our changed environment. In addition, 
the level of pollutants and other disturbing compounds in the environment is increa-
sing in most places, with improved conditions only where the impacts were seen as 
“too lethal” (such as in European acidi fi ed lakes during the 1980s or for chlorinated 
hydrocarbons in North America during the 1960s). Finally, we still do not really 
know where the changes in our environment are affecting people in the most direct 
way, and which impacts might last longer than others. 

 Hence, while ecology often portrays itself as being helpful to society and policy 
makers, most often the link between published scienti fi c  fi ndings and societal 
problems is not made. Instead, many ecologists express their concern to media and 
policy makers with a single and undifferentiated message: stop changing our 
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environment, cut greenhouse gas emissions, ban the destruction of the deep sea marine 
ecosystem, enlarge all protected areas, etc. Nearly all public debate in response to 
these calls merely succeeds in generating feelings of guilt among some portions of 
society and opposition in other sectors, while often producing little or no policy 
action and only temporary reductions in the scale of environmental degradation. 

 One key reason for this failure is that the root cause analysis of the problem is often 
incomplete. Frequently, any change of the so-called “natural state” is portrayed as 
negative by ecologists. But even hunting and gathering of food from ecosystems 
inevitably has an impact on species and communities. Agriculture, in the sense of 
either cultivating plant species on cleared land, or herding animals in open land-
scapes, is more intensive, covering a broad range from low impacts to the much 
higher ones of agro-industrial complexes. If society is to bene fi t from enhanced 
scienti fi c know ledge about such impacts in a useful way, then systems must be 
analysed from a more comprehensive, interdisciplinary and human perspective – e.g., 
the perspective of Long-Term Socio-Ecological Research (LTSER). LTSER 
bene fi ts from the conceptual advances in social ecology, which derive from the 
full range of interdisciplinary approaches that have developed, and are develop-
ing, to address the complexity of systems of nature and society over long periods 
of time. 

 From this viewpoint, the aspect of bene fi ts, or “usefulness” (which is often rele-
gated to managers or “applied research”) of scienti fi c efforts should be distinguished 
from pragmatism and advocacy. Aiming to directly address public concerns in the 
human-environment relationship does not imply asking less profound questions 
than those in other  fi elds of science. Aiming to arrive at an objective analysis of 
human land use and the associated changes in the composition of species, as well as 
their population and community dynamics, demands substantial efforts in terms of 
conceptual development, multi-scale gathering of data and complex interpretation. 
Just as putting the “S” for “Society” into “Long-Term Ecological Research” means 
adding an important layer to an already complex set of studies, it also means that new 
types of topics enter the scene, such as socioeconomics, security, equity and gender 
issues. In this sense, while it might be more pragmatic to document a physico-chemical 
change (for example, the acidi fi cation of lakes or oceans) and the associated loss of 
biological function, extrapolate both into the future, and then complain loudly about 
society’s lack of willingness to “do something”, a more challenging in-depth analysis 
would include the study of the way in which the problem is perceived together with 
society’s willingness to act, as part of the same investigation. 

 This book performs a remarkable “tour de table” of modern LTSER and related 
studies. Why the long-term? Clearly, from a human perspective, our agricultural life 
support system has been attuned to a geological period of particular stability over 
many millennia. Anthropogenic environmental change must be seen against these 
rather special conditions which have caused the evolution of highly speci fi c ways of 
relating to the environment (at least on northern temperate latitudes). To adjust to 
the dynamics now introduced into the physical and biological environment requires 
an understanding of systemic behaviour on a range of time-scales, at a minimum of 
several decades. Gathering knowledge about the longer term situation, and observing 

Foreword



vii

systems over periods that extend beyond the scope of a single PhD thesis or research 
grant is therefore essential to the analysis of social ecology. 

 The book also reveals that there is not a single uni fi ed theory for LTSER. In some 
studies, the actual analysis of social dynamics goes much deeper than it does in others. 
We may view this rather as an asset than as a limitation. If anything, this demon-
strates that there is plenty of scope for further research developments and creativity, 
using the work assembled here as an inspiration rather than a straitjacket. 

 A key aspect of developing the  fi eld of LTSER is cooperation – among disciplines 
of course, but also among like-minded teams in different locations. In times of 
limited  fi nancial resources, international cooperation in particular may provide ways 
to enhance the value of the various contributions. The international community 
presently bene fi ts from several platforms for such cooperation, two of which are 
directly associated with much of the work presented in this book. At the European 
level, the Network of Excellence ALTER-Net, funded by the European Unions 6th 
Framework Programme for the Environment (2004–2009) continues to provide 
crucial support for the development of the LTSER concept, including the training of 
a large number of next-generation scientists, many of whom are now familiar with 
concepts of social ecology. In the United States, the LTER network is becoming 
more interdisciplinary, adding expertise in demography, economics, geography, 
political science and sociology. At the global scale, the International Council of 
Science (ICSU) now builds on the achievements of its Earth System Science 
Partnership (ESSP) by developing a new Programme on Ecosystem Change and 
Society (PECS) to create global linkages between scientists addressing the human-
environment relationship. We have no doubt that this book will provide substantial 
inspiration for anyone participating in these programmes – indeed, we hope that the 
programmes themselves will be enhanced by the material presented here.

Wolfgang Cramer
Stephen R. Carpenter   
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 In the pages of this book you will  fi nd a collaborative effort uniting many disciplines 
to understand humanity’s long relationship with nature. It is a scienti fi c enterprise 
in the broadest sense, including experts in social as well as natural  fi elds. We can be 
hopeful that this effort marks a major turning point in consciousness and applied 
intelligence. 

 Ecology stands at the very centre of this book, a science that has grown in scope 
and importance since it was  fi rst named in 1866 by Ernst Haeckel, the leading German 
disciple of Charles Darwin. Haeckel derived the name from the Greek word  oikos,  
or household, so that ecology was meant to be the study of Nature’s household, or the 
natural economy, including the interactions of plants and animals, their relations to 
the soils and atmosphere. In this book, however, ecology moves decisively beyond the 
purely natural to encompass human society as well. “Long-Term Socio-Ecological 
Research” aims to achieve a comprehensive understanding of how humans have 
lived within and changed ecosystems over time. Why has this new, enlarged ecology 
become so necessary in our time? Because the changes going on across the earth 
are so cataclysmic and yet so poorly understood that we ignore them at our peril. 
Because they require a deep historical understanding of where we have been to 
know where we are going. 

 Over the past 500 years, good science has somehow advanced against the most 
powerful opposition, winning more battles than it has lost. It has driven not one or 
two but multiple revolutions, and at this moment the interdisciplinary study of 
ecology may be driving us toward still another intellectual revolution. The outcome 
will be not merely a better understanding of the interrelationships between society 
and nature but also a better understanding of where our limits lie. 

 In their concluding commentary on the book  Limits to Growth,  published in 
1972, the executive committee of the Club of Rome wrote: “The concept of a 
society in a steady state of economic and ecological equilibrium may appear easy to 
grasp, although the reality is so distant from our experience as to require a Copernican 
revolution of the mind.” That concept of society in a steady state of equilibrium 
seems implicit in the very notion of LTSER; if so, it will require an intellectual 
revolution before it is achieved. 
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 The call for a new Copernican revolution appears more than once in recent writing: 
for example, in a paper that H. J. Schnellnhuber of the Potsdam Institute for Climate 
Impact Research in Germany published in Nature in December, 1999. Schnellnhuber 
argues that just as “optical ampli fi cation techniques brought about the great Coper-
nican revolution, which  fi nally put the Earth in its correct astrophysical context,” so 
“sophisticated information-compressing techniques including simulation modeling 
are now ushering in a second ‘Copernican’ revolution.” We are learning to see, for 
the  fi rst time, that the planet is “one single, complex, dissipative, dynamic entity, far 
from thermodynamic equilibrium—the ‘Earth system.’” 

 So what was the Copernican revolution about, and what might a new Copernican 
revolution look like? Just 50 years after Columbus’s  fi rst voyage to the New World, 
the Polish astronomer Nicholas Copernicus published his last and greatest work, 
 On the Revolutions of the Heavenly Sphere.  Before Copernicus, the earth had been the 
 fi xed centre of the universe, just as Europe had considered itself the  fi xed centre of 
human history. A 100 years later, astronomers had  fi nally accepted that the earth 
was only one of several planets in motion around the sun, and that the universe was far 
more grand and in fi nite in its dimensions than anyone had realised. But it was far 
from easy to make that shift in consciousness, and Copernican ideas would bring 
 fi erce controversy in religion, philosophy, economics      and politics that would not 
end for centuries to come. We are still struggling with their implications today. 

 Can we be sure that another, post-Copernican revolution is in the making? Do we 
have enough information to judge? The idea of a comprehensive perspective of 
“socio-ecology” does seem to be emerging, a science to which ecologists, geologists, 
climatologists, historians, geographers and others are contributing. It promises to 
provide a new understanding of the natural world and of our place in it. Whether this 
awareness adds up to a revolutionary change in understanding, to a new human way 
of thinking that accepts the ecosphere’s limits and conserves its systems, we will not 
know for a long time to come. But such a revolution is possible, and we might even 
say inevitable. We are being driven by material changes that render old ideas outdated 
and even dangerous to our survival.   

Donald Worster
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    1.1   Long-Term Socio-Ecological Research (LTSER): 
An Emerging Field of Research 

 Over the last half century, exceptional changes in the natural environment attributed 
to human activities have placed renewed importance on the study of society-nature 
interactions. Contemporary problems such as climate change, loss of biodiversity 
and valuable ecosystems, and resource depletion have been greatly exacerbated by 
the unsustainable ways in which humans interact with their environment. Indeed, 
the magnitude of the problems we now face is an outcome of a much longer process, 
accelerated by industrialisation since the nineteenth century. There is evidence that 
ecosystems are increasingly challenged by coping with human demands (Millennium 
Ecosystem Assessment  2005  )  and that costs and bene fi ts of the use of nature’s 
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bounty are unequally distributed socially and geographically, inducing great potential 
for social con fl ict (Hornborg et al.  2007 ; Martinez-Alier et al.  2010  ) . In this sense, 
the present problems are not only “ecological” but also “socio-ecological” since the 
effect of how societies interact with their environment has a bearing not only on 
ecosystems but also upon social systems and human wellbeing. 

 In response to these concerns, also articulated in the Brundtland report (World 
Commission on Environment and Development  1987  ) , many new interdisciplinary 
research  fi elds have arisen including industrial ecology (Graedel and Allenby  1995 ; 
Erkman  1997  ) , ecological economics (Martinez-Alier  1987  ) , and most recently 
“sustainability science” (Kates et al.  2001 ; Parris and Kates  2003 ; Clark et al.  2004  ) . 
Their research agendas share an aim to assess more deeply the delicate relation 
between society and nature, including the sustainable and equitable access to natu-
ral resources and ecosystem services for current and future generations. Concerned 
primarily with questions of socio-ecological sustainability and global environmen-
tal change, the emerging interdisciplinary  fi eld of Long-Term Socio-Ecological 
Research (LTSER) aims to observe, analyse, understand and model changes in cou-
pled socio-ecological (or human-environment) systems over decadal, sometimes 
even centennial, periods of time. By including long-term monitoring, historical 
research, forecasting and scenario building, empirical and conceptual research as 
well as participatory approaches, LTSER aims to provide a knowledge base that 
helps to reorient socioeconomic trajectories towards more sustainable pathways. 

 Interest in the study of the environmental relations of human society is not new 
and goes back to prominent writings of classical thinkers such as Hippocrates, 
Aristotle, Cicero, Vitruvius and Pliny. The impulse to explain something as funda-
mental as why people are different across the world led over time to a number of 
theoretical propositions on human-environment relations. The earliest among these 
and also the one with the longest in fl uence that survived well into the twentieth 
century is  environmental determinism . According to this theory, the varying natural 
environments were seen to be the main cause for sociocultural differences across the 
world. Classical Greek, Roman and Arab theories attributed the superiority of their 
respective civilizations to a perfectly balanced climate and/or geopolitical location. 
In contrast, populations in the humid tropics were described as lethargic, less coura-
geous and intelligent and destined to be ruled by others. This approach found its 
way well into the nineteenth and twentieth century, wherein geographers such as 
Friedrich Ratzel, William Morris Davis, Ellsworth Huntington and Grif fi th Taylor 
were chie fl y concerned with documenting the in fl uence of the environment in deter-
mining the formation of human societies and culture (Moran  2000  ) . 

 Throughout the twentieth century, the study of human-environment relations has 
received elaborate treatment in both the social and natural sciences (Fig.  1.1 ). 
Geographers, in reacting to environmental determinism, soon concerned themselves 
with documenting the impact of human activities on the landscape. The ideas of 
Carl Sauer  (  1925  )  at Berkeley in the  fi rst half of the twentieth century were 
in fl uential. Sauer proposed landscape as a unit of analysis, one that carries both 
physical and cultural associations (Grossman  1977  ) . Around the same time, the 
Chicago School of hazards research under Gilbert White was another important 
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in fl uence in nature-society geography that focussed on governmental planning and 
public awareness (Zimmerer  2010  ) . The symposium “Man’s role in changing the 
face of the Earth” was a landmark in the study of human-environment relations for 
revealing the impact of socioeconomic activities on the global environment (Thomas 
 1956  ) . Research undertaken since the 1960s aimed at studying processes of envi-
ronmental change caused by socioeconomic activities (subsumed under the term 
 cultural ecology ) today comprises the largest, most active and popular grouping 
within American geography (Zimmerer  2004  ) . These studies lie at the interface of 
human dimensions of global change.  

 For most of the twentieth century, (environmental) anthropologists have primar-
ily been concerned with examining the role of culture and nature in the formation of 
human societies. Also rejecting the notion of environmental determinism, anthro-
pologists Franz Boas, Alfred Kroeber and C. D. Forde found no correlation between 
the environment, the economy and the society (Boas  1896,   1911 ; Kroeber  1917 ; 
Forde  1934  ) . After World War II, under the in fl uence of Leslie White and Julian 
Steward, a renewed interest in the role of the environment in shaping human societies 
arose. For Leslie White, cultural evolution was determined by the levels of energy 
use extracted from nature and its conversion ef fi ciency (White  1949  )  – a notion that 
had already been put forward almost half a century earlier by Nobel laureate 

  Fig. 1.1    Intellectual genealogies of LTSER (Source: Adapted and redrawn after Turner and 
Robbins  2008  )        
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Wilhelm Ostwald, then causing heated controversy with sociologists (Ostwald 
 1909  ) ; see Martinez-Alier  (  1987  )  for an in-depth discussion of that dispute. Steward, 
on the other hand, argued that a society’s social and cultural template is a response 
to the adaptation process with the environment for the purpose of survival and pro-
curement of food. His method of ‘cultural ecology’ sought to analyse the technolo-
gies, behaviour patterns and the social organisation of societies that have a direct 
bearing on utilising nature optimally for subsistence (Steward  1955  ) . Since the late 
1960s, inspired by Odum’s  Fundamentals of Ecology  (Odum  1959  ) , a number of 
anthropologists directed their interest in studying small-scale production (subsis-
tence) systems, tracing the  fl ows of materials and energy between society and the 
environment (Rappaport  1968 ; Ellen  1982 ; Netting  1981,   1993  ) . Only recently have 
anthropologists begun to investigate contemporary social and environmental prob-
lems (Bodley  2008  ) . Taking up pressing environmental issues of the day, several 
anthropologists have challenged the nature – culture dualism that informs most con-
servation and sustainable development policy (Croll and Parkin  1992 ; Descola and 
Palsson  1996 ; Fairhead and Leach  1996  ) . In its current form,  political ecology  attri-
butes environmental degradation and human impoverishment in developing coun-
tries to the politics of natural resource management and capitalism in the North 
(Greenberg and Park  1994 ; Robbins  2004  ) . While most of these studies relate to 
small-scale systems, an increasing number of scholars now direct their attention to 
the study of human-environment interactions at varying spatial and temporal scales 
that are promising for LTSER (Crumley  1993 ; Hornborg and Crumley  2006 ; Moran 
et al.  1994 ; Gragson, Chap.   9     in this volume). 

 The  fi rst group of researchers to claim the notion of ‘human ecology’ was the 
so-called ‘Chicago School,’ a group of sociologists around R. E. Park and E. W. 
Burgess working on social relations in cities. Some of their early statements suggest 
considerable relevance even for current human-environment studies. For example, 
it was stated that “man has, by means of invention and technical devices of the most 
diverse sorts, enormously increased his capacity for reacting upon and remaking, 
not only his habitat but his world” (Park  1936 , p. 12), and human ecology was 
de fi ned as the study of “spatial and sustenance relations in which human beings are 
organised” (McKenzie  1926 , p. 141). Despite such programmatic enunciations, the 
Chicago School, which gained considerable prominence in US sociology from the 
1920s to the 1940s, was mostly focused on the analysis of interrelations among 
humans in urban regions, and paid little, if any, attention to society-nature interac-
tion in the modern sense (Vaillancourt  1995  ) . This strand of human ecology used 
ecological metaphors such as competition, succession, climax, and others for the 
analysis of human societies (Teherani-Krönner  1992 ; Young  1974  ) , an approach 
that lost credibility in the late 1930s and 1940s, following devastating critiques of 
the uncritical application of biological analogies and theoretical vagueness (Beus 
 1993  ) . When sociological interest in environmental issues reappeared in the early 
1970s, scholars were eager to distance themselves from the Chicago School and 
labelled their enterprise “Environmental Sociology”, the nomenclature still used 
today. While a large part of environmental sociology is focused on environmental 
awareness, the sociology of environmental movements and ecological modernisation, 

http://dx.doi.org/10.1007/978-94-007-1177-8_9
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there are also authors who call for a “new environmental paradigm” (Catton and 
Dunlap  1978 ; Dunlap and Catton  1994  )  that would go beyond the narrow sociological 
‘human exemptionalism paradigm’ and underpin broader, perhaps inter- and trans-
disciplinary research into human-environment interactions and sustainability. 

 Environmental history is yet another (sub-) discipline within the humanities 
where human–environment interactions have received considerable attention. 
Environmental history as a self-con fi dent and self-conscious academic  fi eld emerged 
in the wake of modern environmentalism somewhere in the decades between the 
1960s and 1990s. Similar to anthropology and geography, the question of nature’s 
role, importance or even agency in the course of history had its origins in the intel-
lectual debates among historians at least from the 1700s onwards. After several 
intellectual ‘turns’ (linguistic, cultural, etc.) that in fl uenced the humanities in gen-
eral during the late twentieth century, the majority of historians have lost sight of 
nature in the different ways they view the world. Environmental historians, in con-
trast to most of their fellow historians, assume that  ‘human history has always and 
will always unfold within a larger biological and physical context, and that [that] 
context evolves in its own right’  (McNeill  2003 , p. 6). Compared to other branches 
of historical studies (social, economic or political history to name but a few), envi-
ronmental history as a sub-discipline of history still forms a small community. 
Nevertheless environmental history, in particular the strand of ‘material’ environ-
mental history (for that notion and the two other strands, ‘cultural/intellectual’ and 
‘political’ environmental history, cp. McNeill  2003  )  has contributed, in line with 
LTSER, to a better understanding of how nature, society and culture have been 
intertwined for millennia. Some of those environmental historians who craft envi-
ronmental history as a genuinely interdisciplinary  fi eld have also been involved in 
and contributed to the emergence of LTSER (cp. Haberl et al.  2006  ) . 

 Efforts on the other side of the ‘great divide’ are of equal relevance to further 
research on society–nature interactions having a bearing on LTSER. Despite some 
early calls for an “ecology of man” (Adams  1935 ; Darling  1956 ; Sears  1953  ) , bio-
logical ecology hardly contributed to the inquiry of human-environment interac-
tions prior to the environmental debate of the 1970s (Young  1974  ) . Moreover, when 
the  fi rst in fl uential texts of biological ecologists on human ecology appeared (e.g. 
Ehrlich and Ehrlich  1970 ; Ehrlich et al.  1973  ) , they focused on the role of humans 
as agents of disturbance in ecosystems. This resulted in an insuf fi ciently complex 
concept of human agency and did not facilitate interdisciplinary approaches toward 
the analysis of society-nature interaction. That ecologists were inclined to study 
“natural” ecosystems rather than “human-dominated” ones (Likens  1997  )  may have 
contributed to this bias. Probably the most important factor was that many biologi-
cal ecologists at that time did not recognise the need to develop a more complex 
approach toward “humans as components of ecosystems” (McDonnell and Pickett 
 1997  ) , which recognises that socioeconomic systems are qualitatively different 
from natural systems and hence need to be analysed in joint efforts with scientists 
from disciplines such as sociology or economics. Moreover, neo-Malthusian con-
cepts played an important role in bio-ecological approaches toward human ecology 
of that time, which further limited cooperation with social scientists. 
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 A prominent framework developed in the 1970s and still used in studies of 
society-nature interaction is the so-called IPAT equation (Holdren and Ehrlich 
 1974  ) . It conceptualises environmental impact (I) as the product of population (P), 
af fl uence (A) and technology (T). Although this equation neglects feedbacks 
between these factors, its simplicity makes it still useful to guide analyses of trajec-
tories of society-nature interaction (Chertow  2001 ; Dietz and Rosa  1994 ; Dietz 
et al.  2007 ; Fischer-Kowalski and Amann  2001 ; Haberl and Krausmann  2001  ) . 

 Other initiatives contributed strongly to shaping current interdisciplinary 
scienti fi c endeavours such as LTSER. One was the creation of the section “human 
adaptability” by the International Biological Programme (IBP) in the late 1960s 
(see Moran  1993  ) , another the establishment of the  Man and the Biosphere  (MAB) 
programme by UNESCO in the early 1970s. The “Hong Kong Human Ecology 
Programme” chaired by the Australian ecologist Stephen Boyden resulted in con-
ceptual models of society-nature interaction (Boyden  1992,   1993,   2001  )  that have 
strongly in fl uenced current socio-ecological approaches (Fischer-Kowalski and 
Weisz  1999 ; Fischer-Kowalski and Haberl  2007  )  and LTSER (Haberl et al.  2006  ) . 
In particular, these approaches led to modern methods and concepts for analysing 
socioeconomic metabolism that are broadly used in Ecological Economics and 
Industrial Ecology (see below and Haberl et al., Chap.   2     in this volume). 

 The current volume is a  fi rst effort to bring together prominent scholarly tradi-
tions explicitly concerned with Long-Term Socio-Ecological Research within the 
context of sustainability. This volume covers contributions from Europe and North 
America, regions where LTSER  fi rst began to be discussed and implemented in its 
current form. Contributing scholars were selected from a variety of disciplinary and 
interdisciplinary  fi elds of research, such as social and human ecology, industrial 
ecology, sociology, environmental history, human geography and anthropology. It 
has been our sincere effort to reveal the inter-and transdisciplinary facet of LTSER 
in response to understanding and seeking solutions to contemporary societal and 
environmental challenges. To encourage the use of this volume for university teach-
ing, editors and authors have taken care to ensure its presentation and readability, 
along with an attractive subsidy of more than 50% by the publishers to enhance the 
affordability of the book.  

    1.2   From LTER to LTSER 

 Long-term socio-ecological research (LTSER) is an extension of Long-Term 
Ecological Research (LTER), a strand of research that has gained prominence since 
the early 1980s among scholars in the United States and subsequently in Europe, 
concerned with questions of global environmental change. Pioneered largely by the 
natural sciences, LTER aims to better understand, analyse, and monitor ecosystem 
changes with respect to patterns and processes over extended periods of time. It is 
acknowledged that collecting evidence on the impacts of global changes in climate 
and other important environmental variables of ecosystems requires a long-term 

http://dx.doi.org/10.1007/978-94-007-1177-8_2
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approach, not only because many variables are changing slowly, but also because 
the spatial and temporal variability of some of these variables (e.g. seasonal tem-
peratures, rainfall) makes it dif fi cult to distinguish the ‘signal’ of global environ-
mental change from the ‘background noise’. The classical LTER approach is thus 
often based on the consistent monitoring of a large number of variables that charac-
terise patterns and processes in ecosystems over long periods of time in spatially 
explicit areas, often with little or no direct human in fl uence. 1  

 For LTER to be effective, it was imperative to look beyond the usual project 
duration of 3–5 years, and to organise into a network of sites using comparable 
methods and approaches for a meaningful interpretation of ongoing processes of 
global environmental change. The  fi rst national LTER network was established in 
the United States in the 1980s with support from the US National Science Foundation 
(NSF). Over the next 20 years, some 1,100 scientists were part of this network 
working on 26 LTER sites (NSF  2002,   2011b  ) . The US example became a trigger for 
the creation of more national and regional networks, culminating in the founding of 
a global network of research sites (International Long-term Ecological Research – 
ILTER) encompassing highly varied ecosystem types and climatic zones worldwide. 
Established in 1992, ILTER presently comprises 43 national networks organised 
into regional networks such as  LTER-North America ,  LTER-Europe , and  LTER-East 
Asia Paci fi c , to create a unique long-term data system (Box  1.1 ). 

   1   While North American LTER sites are all over 30 km², European LTER Sites are much smaller 
and range between 0.01 and 10 km².  

   Box 1.1 The International Long-Term Ecological Research (ILTER) Network 

 Scope and Future Trends 

 The International Long-term Ecological Research (ILTER) Network is a 
global international research network with a unique capability for long-term 
site-based ecosystem research. Its mission is to improve understanding of 
ecosystem research around the globe and to inform solutions to current 
and future environmental problems. It does this through the efforts of many 
thousands of scientists and information managers within a global community 
of member networks and by working in partnership with other major 
programmes and organizations such as the Global Land Project, the Global 
Biodiversity Observation Network, the Global Biodiversity Information 
Facility and UNEP’s Global Adaptation Network for Climate Change. 

 ILTER’s objectives are: (i) to coordinate long-term ecological research 
networks at local, regional and global scales; (ii) to improve the comparability 
of long-term ecological data; (iii) to deliver scienti fi c information to scientists, 

(continued)
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Box 1.1 (continued)

policymakers and the public to meet the needs of decision makers at multiple 
levels; and (iv) to educate the next generation of long-term scientists and 
resource managers. Established in 1992, ILTER is now an expanding network 
with over 600 sites in 43 member networks around the globe. ILTER still has 
signi fi cant gaps in its coverage that limit its capability to address issues in 
some areas. Therefore, a key part of ILTER’s current strategy is to build new 
capacity through training, the development of strategic partnerships and the 
addition of new sites and member networks. It is doing this through a targeted 
accumulation of new sites and networks that add value and help answer critical 
policy and science-driven questions. Of particular importance is the need to 
improve the coverage of sites in the Southern Hemisphere, particularly in 
Africa and South America. 

 In the beginning, ILTER was predominantly an ecological research 
network, but over the last decade it has increasingly recognised the need to 
include the human dimension in its work on environmental change and is 
now working extensively with social scientists, economists and science 
communicators to do so. In some countries, urban LTER Sites have been 
developed, while in other, larger LTER Sites, incorporating social and eco-
nomic processes and the active engagement of stakeholders in research is 
now common. As a result of this trend, ILTER’s Sites and networks are well 
placed to address many contemporary environmental issues, particularly 
climate change, sustainable development, biodiversity, the sustainable use of 
resources, ecosystem management (including water resource management), 
environmental hazards and disasters. 

 All of these issues have local, national, regional and global implications. 
ILTER’s new emphasis on LTSER combined with its established multi-scale 
structure, based on sites, national networks and regional networks all co-
ordinated within a global framework, put it in a powerful position to inform 
choices, solutions, and decisions across all of these scales. 

 More on ILTER, including information on sites, research activities, 
information management and training, can be found on the ILTER website 
at:   www.ilter.edu.net    . 

 Terry Parr, Chair of ILTER (2007–2012)  

 While LTER does provide us with relevant signals and explanations of change 
in ecosystems, there is increasing evidence that the traditional LTER approach 
is limited when it comes to guiding action to conserve ecosystems especially from 
large scale, often human-induced perturbations resulting in loss of ecosystem services, 
function and biodiversity. Towards this end, a shift in disciplinary approaches to 
support a healthy fertilisation of concepts from natural and social sciences is 

http://www.ilter.edu.net
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required. This was recognised rather early by American LTER scholars who met in 
1998 in Madison, Wisconsin, to seek ways of integrating relevant social science 
concepts into LTER (Redman et al.  2004  ) . The NSF in its 20-year review of LTER 
called for collaboration between LTER scholars and social scientists to contribute 
towards an environmental policy based on a better understanding of the reciprocal 
effects of human activities and ecosystems (NSF  2002  ) . 

 Hereafter, an increasing number of scholars began to emphasise “coupled 
socio-ecological systems” as their unit of analysis for understanding processes of 
global environmental change as opposed to studying ecological and social systems 
in isolation. It was argued that if classical LTER is to contribute to  fi nding solutions 
to socio-ecological problems (that is, sustainability problems), it must go beyond its 
focus of monitoring ecosystem processes and patterns to include an understanding 
of socioeconomic activities that actively use and change ecosystems (Redman 
et al.  2004 ; Haberl et al.  2006 ; Singh et al.  2010 ; Mirtl  2010 ; Collins et al.  2011  ) . 
An in fl uential article in  Science  (Liu et al.  2007  )  pointed to two problems underlying 
the dif fi culty in understanding socio-ecological systems as,  fi rst, the traditional 
separation of ecological science and social science and second, the need for incor-
poration of a complex adaptive systems view especially since work in this area has 
been more theoretical than empirical. Under the banner of “coupled human and 
natural systems,” the US National Science Foundation has provided substantial 
funding for cross-cutting socio-ecological projects since 2001 for which an integrated, 
quantitative, systems-level method of inquiry is essential (NSF  2011a  ) . 

 The diffusion of the US LTER concept to Europe in 2003 also entailed a practical 
problem. 2  Europe, with its high population density and long history of intensive 
land use meant that very few areas were available that could be classi fi ed as natural 
or relatively unaffected by human activities. Thus, it was logical to place the human 
utilisation of nature as an important aspect of the European LTER approach. As such, 
in 2003, Long-Term Socio-Ecological Research (LTSER) was promulgated as an 
integral part of European LTER, where the “socio” component became synonymous 
with the human dimensions of environmental change and sustainability research 
(Mirtl et al.  2009  ) . LTSER requires an understanding of society-nature interactions 
at multiple scales and of the cumulative effects of each to illuminate emergent 
properties that can shed light on broader approaches to global environmental change. 
In undertaking LTSER studies, scientists are confronted with a complex interplay of 
various ecosystem and societal dynamics. Important insights are gained when these 
dynamics are captured and analysed over long periods of time and their trajectories 
mapped. Although this entails considerable challenges and efforts (conceptually 
and methodologically) in dealing with this complexity, it has important bene fi ts. 

   2   Given European fragmentation and heterogeneity, it is not easy to specify when exactly the LTER 
concept was introduced in Europe. Individual researchers and countries were in contact with the 
emerging LTER in the USA from early on. In the late 1990s, Hungary and the Czech Republic, for 
example, already had their LTER Sites, networks and a ‘Central European regional group’. 
However, since the  fi rst European LTER meeting took place in Copenhagen in 2003, this can be 
said to be the year when LTER was introduced on a European-wide scale (Mirtl et al.  2009  ) .  



10 S.J. Singh et al.

 The LTSER concept, being an integral part of European LTER, was also an 
opportunity for Europe to take up the challenge of creating a scienti fi c basis for the 
sustainable management of ecosystems and of sustainable development in general. 
In 2007 a trans-European network – LTER-Europe – was founded as part of a project 
funded under the European Commission’s Sixth Framework Programme, ALTER-Net. 3  
The in-situ network LTER-Europe currently covers 21 member countries, 400 
LTER Sites and 31 so-called LTSER Platforms (Mirtl et al., Chap.   17     in this volume). 
With a size of 100–10,000 km² or more, LTSER Platforms are extensive landscapes 
characterised by manifold interactions between society and nature, ranging from 
strict conservation areas to intensively used ones (Mirtl et al.  2010  ) . LTSER 
Platforms were  fi rst started in Austria, Finland, Hungary, Germany, Romania and 
Spain, providing experiences that could be fed back into conceptual work within 
ALTER-Net (Mirtl and Krauze  2007  ) . 

 By 2010, progress and bottlenecks in setting up LTSER Platforms across 
Europe were reported (Mirtl  2010  ) . It became clear that LTSER Platforms should 
cover not only major biogeographic regions, but rather “socio-ecological” regions 
with varying economic conditions and population densities. This was seen as a 
precondition for the representativeness of LTSER Platforms in terms of socio-
ecological systems at a European scale. Working towards this target, a strati fi cation 
of European Socio-Ecological Regions (SER) was performed (   Metzger et al.  2010 ) 
and the coverage by LTSER Platforms tested. With regard to their large sizes, it was 
found that most LTSER Platforms are comprised of more than one socio-ecological 
regions. Therefore, of the 48 SERs identi fi ed in Europe, 43 of them occur in at least 
one Platform. 

 In recent years, efforts to strengthen and bring together the LTSER community 
in the United States and Europe have become more visible. The US-EU LTER con-
ference held in July 2003 in Motz, France, was a milestone in this process, stimu-
lated largely by preparatory efforts for the LTER-Europe initiative. At this 
conference, “Multifunctional Research Platforms” (MFRPs) were presented as con-
ceptual predecessors of LTSER Platforms and strong overlaps – speci fi cally with 
larger and urban US sites – were identi fi ed (LTER Europe  2011a  ) . 

 In February 2005, a joint workshop of pioneering scholars from North America 
and Europe from various academic backgrounds met at a workshop held at the 
Institute of Social Ecology in Vienna (Austria) to discuss the integration of social 
science concepts into LTER. Results were published in a paper (Haberl et al.  2006  )  
that coined the term ‘Long-Term Socio-Ecological Research’ as well as the acronym 

   3   ALTER-Net – “A Long-Term Ecosystem and Biodiversity Research Network” (  http://www.alter-
net.info/    ) was launched in 2004 for a period of  fi ve years to create a network (of excellence) 
comprising prominent European institutions located in 17 countries engaged in long-term ecosystem 
research. An important goal of this project was to establish synergy in terms of infrastructure and 
data sharing on biodiversity and ecosystem change at a European level. The network continues, 
along with a secretariat and a regular summer school. An important product of this project was the 
formal foundation of the LTER-Europe network (  http://www.lter-europe.net/    ) in 2007 with a 
strong LTSER Expert Panel.  
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LTSER (discussed in more detail in the next section). Building on experiences in 
implementing LTSER Platforms and traditionally strong links between the US-LTER 
and Israeli scientists, the  fi rst LTER Middle East conference was held in 2009 
in Aqaba (Jordan), facilitated by experts from Europe and the US (LTER Europe 
 2011c  ) . 

 More recently, bringing together active scholars from natural and social sciences 
alike, the LTSER session in the 2010 Global Land Project Open Science conference 
(Phoenix, Arizona) was another step in this direction. The discussions at this confer-
ence have shown the need for concepts that can improve integration of research 
from different scienti fi c disciplines, such as the development of conceptual models. 
They have also highlighted the importance of concepts such as socioeconomic 
metabolism and ecosystem services for future LTSER (Shibata and Bourgeron 
 2011 ; Singh and Haberl  2011  ) , as also discussed in depth in various chapters in this 
volume. In June 2011, under the auspices of ALTER-Net and LTER-Europe, a 
LTSER workshop was held in Helsinki (Finland), inviting scholars and practitioners 
from Europe and North America to discuss the state-of-the-art in LTSER science 
and practice. Addressing conceptual, methodological, legal and socio-political chal-
lenges related to LTSER goals, the conference was another milestone in strengthen-
ing the European LTSER community and in seeking synergies between LTSER 
science and practice towards sustainability (LTER Europe  2011b  ) .   

    1.3   Introducing the Social Dimension in LTER: 
Conceptual Frameworks 

 Incorporating the human dimension into LTER has been a dif fi cult task and is a 
work in progress. In the 10 years following the NSF  (  2002  )  report, few scholars 
have proposed integrative frameworks towards this end. Inspired by the 1998 
Madison meeting and several workshops thereafter, Charles Redman and colleagues 
 (  2004  )  in the United States were among the early ones to propose an integrative 
conceptual framework for including the human dimension into LTER. Drawing on 
research and concepts from sociology, anthropology and the Resilience Alliance in 
general and from earlier writings of Machlis et al. ( 1997 ) and Burch and DeLuca 
( 1984  )  in particular, they propose “socio-ecological systems” (SES) as the unit of 
analysis in LTER studies. In this view, SES is characterised by “(1) a coherent sys-
tem of biophysical and social factors that regularly interact in a resilient, sustained 
manner; (2) a system that is de fi ned at several spatial, temporal, and organizational 
scales, which may be hierarchically linked; (3) a set of critical resources (natural, 
socioeconomic, and cultural) whose  fl ow and use is regulated by a combination of 
ecological and social systems; and (4) a perpetually dynamic, complex system with 
continuous adaptation” (Redman et al.  2004 , p. 163). 

 As an integrative framework for interdisciplinary research on SES, the authors 
suggest a focus on “interactive” activities that lie at the interface of social and eco-
logical elements such as land-use decisions affecting changes in land cover, land 
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surface and biodiversity, production and consumption systems and on the networks 
of waste management and disposal. These complex system interactions are in turn 
affected by “patterns and processes” that also  fi t within traditional social and eco-
logical sciences. In the case of the former, these would be to describe and monitor 
changes in demography, economy, technology, culture, institutions and information. 
Some classic ecological variables concern the patterns and control of primary pro-
duction, frequency of site disturbances, accumulation and movements of organic, 
inorganic and sediment materials, and the spatial and temporal distribution of popu-
lations in the trophic structure. Finally, the conceptual model must also collect back-
ground information on “external framework conditions” both at the biogeophysical 
level (such as climate change or large-scale land changes) and political and eco-
nomic levels (such as global market prices, changes in governance and political 
systems) that affect SES as a whole. 

 Redman and colleagues propose four meta-questions to investigate long-term 
dynamics of socio-ecological systems in the context of LTER. These are: “(1) How 
have past ecological systems and social patterns conditioned current options through 
legacies and boundary conditions? (2) How do current characteristics of ecological 
systems in the region under study in fl uence the emerging social patterns and 
processes? (3) How do current social patterns and processes in fl uence the use and 
management of ecological resources? (4) How have these interactions changed over 
time, and what does this mean for future possible states of the SES?” (Redman et al. 
 2004 , p. 166). 

 The joint workshop of scholars from both North America and Europe held in 
Vienna in February 2005, as mentioned previously, was a follow-up to these ideas. 
In this workshop (the outcome of which was a multi-authored paper), LTSER was 
described as an extension of LTER concerned with the analysis of long-term changes 
in socio-ecological systems, de fi ned as “complex, integrated systems that emerge 
through the continuous interaction of human societies with ecosystems” (Haberl 
et al.  2006 , p. 2). The authors identi fi ed several challenges resulting from the inter-
disciplinary nature of the LTSER approach, such as:

   the need to conceptualise the interactive process between society (human systems • 
integrated by communication) and ecosystems (biophysical systems integrated by 
material and energy  fl ows);  
  the challenges resulting from scaling issues, e.g. the problem that natural and • 
administrative boundaries often do not match;  
  the dif fi culty of distinguishing site-speci fi c and general dynamics; and  • 
  the need to integrate not only explanatory and predictive modelling, but also • 
monitoring, reconstructions and empirical approaches with ‘soft knowledge’ from 
the humanities.    

 The paper discusses several conceptual requirements of LTSER, including 
the need for sound research design grounded in epistemologically sound concepts 
of society-nature interaction and the need to analyse socio-ecological transitions, 
i.e. fundamental changes in the relation between natural and social systems (Fischer-
Kowalski and Haberl  2007 ; Haberl et al.  2011  ) . The authors also argued that 
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participatory approaches are needed to involve stakeholders in the research process. 
They identi fi ed four themes of LTSER:

   Socio-ecological metabolism – the energy and material  fl ows in socio-ecological • 
systems;  
  Land use and landscapes – the analysis of integrated land systems that are • 
simultaneously shaped by natural and socioeconomic drivers;  
  Governance and decision-making – the institutional aspects of human use of • 
natural resources such as energy, materials, water or land;  
  Communication, knowledge and transdisciplinarity – the role of self-re fl exivity • 
in LTSER projects that allows them to be placed properly within their respective 
contexts.    

 A subsequent conceptual update in LTSER was published by Simron J. Singh 
and colleagues  (  2010  )  in a Springer volume edited by German scholars synthesising 
the state-of-the-art on long-term ecosystem research in Europe (Müller et al.  2010  ) . 
Re-emphasising the role of LTSER in seeking solutions to societal problems, the 
chapter highlights relevant theoretical and conceptual approaches to society-nature 
interactions as found in environmental sociology, ecological anthropology, ecologi-
cal economics, participative modelling and decision support science. The discus-
sion of the structure and dynamics of socio-ecological systems addresses the 
“long-term” dimension of LTSER, where the authors compare the natural science 
approach of “adaptive cycles” (Holling  1986  )  with that of the more interdisciplinary 
“socio-metabolic transitions” notion (Fischer-Kowalski and Haberl  2007  ) . The 
authors propose “socio-economic metabolism” (Fischer-Kowalski and Weisz  1999  )  
along with its operational tool, the “MEFA framework – Material and Energy Flow 
Accounting” (Haberl et al.  2004  )  as promising for the LTSER community. The 
paper ends with a case study of the Eisenwurzen LTSER Platform in Austria to 
illustrate an innovative effort where agent-based modelling was integrated with a 
biophysical stocks and  fl ows module for participatory decision making at the 
regional level (see also Peterseil et al., Chap.   19     in this volume and Gaube and 
Haberl, Chap.   3     in this volume). 

 More recently, Scott Collins and colleagues  (  2011  )  in the United States have 
proposed a new integrated conceptual framework for long-term socio-ecological 
research. Building on the European DPSIR (Drivers – Pressures – State – Impact – 
Response) model proposed by the European Environmental Agency (EEA  1998  ) , 
the authors include an explicit focus on ecosystem services (MEA  2005  ) . Termed 
the “Press-Pulse Dynamics” (PPD) framework by the authors, this links the social 
domain (characterised by socioeconomic activities) with the biophysical one (char-
acterised by ecosystem structure and functions) under the premise that the dynamics 
within the biophysical domain are driven either by pulse events (such as  fl oods,  fi re, 
and storms) or by press events that are sustained and chronic (such as climate 
change, sea-level rise and nutrient loading). In both instances, these events might be 
natural or human induced, or a combination of both. Over time, presses, pulses and 
press-pulse interactions alter the relationship between the biotic structure and eco-
system functioning, which in turn affects essential services humans obtain from 

http://dx.doi.org/10.1007/978-94-007-1177-8_19
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ecosystems. The authors argue that the PPD framework provides a roadmap for an 
interdisciplinary approach to long-term socio-ecological research to help build a 
knowledge base for addressing current and future environmental challenges (see 
also Grove et al., Chap.   16     in this volume; Grimm et al., Chap.   10     in this volume; 
Mirtl et al., Chap.   17     in this volume).  

    1.4   The Contributions in This Volume 

 The current volume is a rich and varied collection of 23 contributions (co-) authored 
by nearly 70 scholars engaged in some way with the  fi eld of LTSER. To aid reading 
as well as to present the chapters within a meaningful structure, the book is organised 
in three thematic parts. The  fi rst is intended to provide an overview of concepts, 
methods and disciplinary linkages that we consider relevant for LTSER. The second 
part reports on a number of case studies that illustrate LTSER applications across 
ecosystems, time and space. The  fi nal part is an assemblage of valuable experiences 
and challenges confronted by colleagues in setting up LTSER research projects and 
Platforms, both in the United States and Europe, with an apparent bias towards the 
latter. A clear categorisation of chapters is often not possible. The placement of 
chapters into sections was based on the key orientation of their contents and on the 
main message intended by the authors. Eventually, the volume must be seen as a 
single piece of work that aims to crystallise the state-of-the-art in LTSER across 
time and space – as the title of this volume suggests (Fig.  1.2 ).  

 Part I begins with the contribution by Haberl and colleagues ( Chap.     2     ) in which 
they review methods to analyse the ‘metabolism’ of socioeconomic systems consis-
tently across space and time. Current sustainability problems such as climate change 
or biodiversity loss are seen to be closely related with socioeconomic use of natural 
resources, such as materials, energy or land. Pioneered several decades ago, mate-
rial and energy  fl ow analysis has developed an increasingly standardised tool kit 
that currently provides basic data for scienti fi c  fi elds such as social ecology, indus-
trial ecology and ecological economics, as well as resource-use policies in various 
domains. The chapter extends this approach to the broader concept of socio-ecolog-
ical metabolism, which additionally considers changes in ecological material  fl ows 
related to socioeconomic metabolism – thereby establishing a link to global biogeo-
chemical cycle research. It discusses a prominent indicator, the human appropria-
tion of net primary production, or HANPP, which has gained importance in that 
 fi eld in recent years. The chapter applies the socio-ecological metabolism approach 
to the case of the Austrian trajectory from 1830 to 2000, demonstrating the power 
of a consistent stock- fl ow approach in analysing Austria’s long-term carbon metab-
olism. It concludes by showing how the complex interactions between social, eco-
nomic, institutional and ecological components in system transitions can be analysed 
using integrated socio-ecological models. 

  Chapter     3      by Gaube and Haberl takes up the issue of integrated socio-ecological 
modelling, demonstrating how models can be developed and used in participatory 
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processes with intensive stakeholder involvement. They discuss insights gained 
from combining an agent-based decision model with land-use maps and an inte-
grated socio-ecological stock- fl ow component. The model was developed in a rural 
Austrian village based on intensive discussions with farmers, the local administra-
tion and many other experts and stakeholders. The model is capable of simulating 
decisions of local actors such as farmers or the municipal administration under dif-
ferent assumptions on social, economic or political framework conditions (e.g. agri-
cultural subsidies and product prices) as well as on local decisions (e.g. cooperation, 
direct marketing). The outcomes can be analysed in terms of land-use change maps 
as well as changes in carbon and nitrogen  fl ows and greenhouse gas emissions. One 
of the main conclusions in this chapter is that participatory model development, if 
done well, can support learning and empowerment of local actors and simultane-
ously generate relevant and stimulating scienti fi c insights on the functioning of the 
interactions between society and ecosystems – thereby supporting LTSER. 

  Chapter     4      by Fischer-Kowalski and colleagues presents a model capable of 
analysing constraints to historical urbanisation processes resulting from transport 
limitations. The model is useful for analysing how the spatial con fi gurations of 
resources and their appropriation through different socioeconomic strategies (hunt-
ing and gathering, agriculture) may have interacted in enabling and constraining 
spatial patterns of human activity in prehistoric and historic times. Combining data 
on socioeconomic metabolism in different socio-ecological regimes with informa-
tion on transport infrastructures and technologies available to those societies shows 

  Fig. 1.2    Case studies in this volume across time and space       
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how energetic needs and limitations interacted in determining settlement patterns, 
e.g. villages and regional centres, as well as centre-hinterland relations. This research 
theme, although currently not in the mainstream of LTSER, is highly important for 
a proper understanding of society-ecosystem interactions across space and time, 
and would therefore deserve more attention in future LTSER programmes. 

 Winiwarter and colleagues in  Chap.     5      take the Danube, Europe’s second longest 
river and the world’s most international river basin, as their case to demonstrate how 
environmental historians can contribute to LTSER. Going back to early modern and 
even medieval times, they tell a story of fundamental changes of the river Danube. 
The chapter uses and introduces the concept of “socio-natural sites” to show how 
these fundamental changes are together a consequence of past human practices and 
biophysical arrangements. The authors emphasise the decisive role of energy in this 
process of transformation and with their background in history, they argue that a 
long-term perspective, covering at least centuries, is urgently needed to improve 
understanding of what it might mean to manage complex socio-natural sites in a 
post-fossil fuel age. 

 Dirnböck and colleagues in  Chap.     6      explore the question of which spatial and 
temporal scales are most relevant for assessing and monitoring the sustainability of 
socio-ecological systems. Their  fi ndings are based on an earlier meta-analysis of 18 
biodiversity case studies. They identify a severe mismatch between three distinct 
scales of observation and action that are currently major obstacles in nature conser-
vation and in reducing biodiversity loss. These are (a) scales on which ecological 
processes are observed and analysed, (b) the scales on which these processes are 
managed, and (c) the scale on which environmental policies are implemented. To 
address this, the authors suggest ‘landscape’ as an appropriate unit of analysis for 
LTSER, allowing for interdisciplinary research since the landscape’s structure and 
processes is an outcome of the interplay of nature and society. The chapter reviews 
a set of methods useful for addressing scale mismatches within socio-ecological 
systems, the most promising being modelling. 

 Summarising the work done since 1965, Stephen Boyden in  Chap.     7      introduces 
the “biohistorical paradigm” to demonstrate how this can inform LTSER and how it 
can aid in transitioning to a sustainable society. Tracing the history of humans in 
biological and historical perspective, Boyden suggests that the emergence of human 
culture with a key ability to invent, learn, communicate and store a symbolic spoken 
language allowed the exchange and storage of useful information about the environ-
ment. This ability, while well adapted for sustainable use of nature during most of 
human history, has often resulted under conditions of modern civilisation in “cul-
tural maladaptations”, damaging both humans and other forms of life. According to 
Boyden, the understanding of biohistory is an essential prerequisite for the future 
wellbeing of humankind, in what he terms a “biosensitive society”. 

 Karl Zimmerer in  Chap.     8      makes a compelling case for how geography can 
enrich LTSER, drawing upon human-environment and nature-society (HE-NS) 
geography. The themes of HE-NS geography lie at the interface of human dimen-
sions of global change, cutting across six areas as follows: (a) Coupled Human-
Environment Interactions (b) Sustainability Science, Social-Ecological Adaptive 
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Capacity, and Vulnerability (c) Land-Use and Land-Cover Change/Land Change 
Science (d) Environmental Governance and Political Ecology (e) Environmental 
Landscape History and Ideas, and (f) Environmental Scienti fi c Concepts in Models, 
Management, and Policy. Zimmerer concludes that “geography and LTSER share a 
signi fi cant degree of general similarity that promises ample and potentially vital 
opportunities for future crossover, collaboration and shared directions.” 

 In Chap.   9    , Ted Gragson highlights the importance of anthropology as a crucial 
link between the social and biological sciences. Despite the increasing importance 
of interdisciplinary research in dealing with contemporary environmental chal-
lenges, Gragson argues that there is still the demand for place-based, long-term, 
cross-scale and comparative research that anthropology can provide. Anthropology 
has long been a problem-oriented discipline interested in policy relevant issues such 
as poverty and underdevelopment. According to Gragson, anthropology “challenges 
us to understand what it means to be human through the study of culture in place as 
well as by comparison to other cultures.” Going beyond the savage, anthropology’s 
usefulness to contemporary LTSER is seen in its extensive research on institutions 
and governance of common pool resources, as well as in the sub-discipline of cogni-
tive anthropology that provides insights into how the organisation of knowledge and 
the perception of environment are linked in complex ways. The chapter concludes 
with two case studies from ongoing U.S. research in the Coweeta LTER Project in 
Southern Appalachia that relies on anthropology. 

 Part II    begins with the contribution of Nancy Grimm and colleagues in the United 
States where urban LTER sites are focal areas for the analysis of socio-ecological 
(or human-environment) interactions and sustainability.  Chap.     10      reviews research 
on urban sustainability carried out in the Central Arizona Phoenix (CAP) LTER 
programme in recent years. This work is based on the premise that cities can be 
conceptualised as socio-ecological systems (SES) as a way to improve understand-
ing of their sustainability problems. Drawing on a huge array of empirical work, 
modelling and data analysis, as well as GIS work, the chapter convincingly demon-
strates the power of the Press-Pulse Dynamics (PPD) framework (Collins et al. 
 2011  )  to reveal the manifold linkages between environmental conditions – in this 
case, the arid environment features prominently – and human dynamics in creating 
both biophysical as well as socioeconomic outcomes. Phoenix, Arizona, is certainly 
a challenging example owing to its rapid development and harsh environment – and 
is therefore highly relevant for sustainability analysis and hence for LTSER. 

 In another example of an urban system, Fridolin Krausmann in  Chap.     11      pro-
vides a socio-ecological history of Vienna from the year 1800 to 2006 to better 
characterise city-hinterland relations. In the context of sustainability, insights into 
city-hinterland relationships are useful to  fi nd ways to “minimise inef fi cient pat-
terns of resource supply and use as well as negative environmental impacts of urban 
consumption in distant regions, where they are not visible to the urban consumer.” 
Drawing upon the concept of social metabolism and material and energy  fl ow anal-
ysis (see also Chap.   2    ), Krausmann argues that urbanisation is intrinsically linked to 
the emergence of fossil fuel-based energy systems. In the case of Vienna, the transi-
tion from biomass to fossil fuels characterised the shifting pattern of relationships 
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between cities and the hinterlands that supply urban areas with energy and food 
resources. However, growth in urban resource use did not cause an equal growth in 
the spatial imprint of urban consumption. The results point out that the size and 
spatial location of the resource-supplying hinterland is the combined result of 
various dynamic processes, including transport technology and agricultural 
productivity. 

 Geoff Cunfer and Fridolin Krausmann in  Chap.     12      compare using a long-term 
perspective of environmental history and the dynamics of agricultural change 
between the Old World (represented by the village of Theyern in Austria) and the 
New World (represented by Finley Township in Kansas, U.S.). The narrative – 
woven into the historical context of a migration wave from Europe to the United 
States during the nineteenth century – traces the destiny of the Thir family that 
moved out of Austria to make Kansas their new home in 1884. Recognising that 
agriculture is a coupled human-environment system, the chapter draws on the con-
cept of social metabolism and derived indicators of material and energy  fl ow 
accounting (see also Chap.   2    ) to ask how the farming system that immigrants left 
behind compares with what they found (and created) on the Great Plains frontier. 
Illustrated by a wealth of data and indicators of material and energy  fl ows as well as 
land and labour productivity, this comparative research provides a socio-ecological 
interpretation of agricultural history that is often overlooked or downplayed by 
economists. In effect, the authors reveal the signi fi cance of environmental history in 
understanding long-term dynamics of coupled human-environment systems – from 
a biomass-based (tightly linking soil, plants, animals and people into a single com-
plex and highly evolved system) to a fossil fuel-driven regime that is highly frag-
mented, vulnerable and unsustainable. 

 In  Chap.     13      ,  Simone Gingrich and colleagues use a sociometabolic approach to 
reconstruct material and energy  fl ows through agricultural systems from the late 
nineteenth to the turn of the twenty- fi rst century. By comparing two different locales 
in today’s LTSER Platform Eisenwurzen, they show that the fundamental transfor-
mation of agricultural systems, in particular after World War II, had effects on local 
scales. The second aim is to develop a conceptual framework for LTSER that allows 
cooperation between natural scientists and humanities (including history, some 
strands of anthropology and other disciplines interested in the cultural dimensions 
of society-nature interactions) to be strengthened. For that purpose, the authors 
adapt the concept of “socio-natural sites” with its focus on human practices and 
biophysical arrangements to critically discuss their own empirical results and to 
raise questions for future collaborative research. The chapter is a  fi rst step towards 
a LTSER that consequently combines a birds-eye or systems perspective with a 
close-up view of (historical) actors, their motives and perceptions on changes in 
agricultural systems and landscapes. 

 Marian Chertow and colleagues in  Chap.     14      provide cross-cutting re fl ections on 
human-nature interactions based on the examination of four islands: Singapore, 
Puerto Rico, Hawaii and O’ahu Islands (the last two in the state of Hawaii, USA). 
Isolation, vulnerability to disruption, and constraints on the availability of natural 
resources add urgency to island sustainability questions with limited solution sets. 
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Over the course of the twentieth century, each of these islands became heavily 
dependent on imports such as water, food, and/or fuel to sustain basic human needs 
and modern economic functions. Within the last decade, each has consciously 
sought to restructure its socio-ecological con fi guration by using more locally avail-
able resources in one or more of its metabolic linkages. This pattern has the poten-
tial to reconnect island economies with their natural systems while simultaneously 
enhancing relationships and increasing resilience. 

 While LTSER is often seen as a primarily place-based endeavour, development 
of its full potential requires the ability to draw general conclusions relevant for 
larger areas, from nation states to the globe.  Chap.     15     , by Fridolin Krausmann and 
Marina Fischer-Kowalski, demonstrates how the analysis of resource use over long 
periods of time can improve understanding of global sustainability problems. Based 
on the notion of three socio-metabolic regimes: hunter-gatherers, agrarian, and then 
industrial society, this chapter synthesises a vast array of empirical research on 
socioeconomic material and energy  fl ows to discuss sustainability challenges stem-
ming from the currently ongoing agrarian-industrial transition (see also Fischer-
Kowalski and Haberl  2007  ) . The authors convincingly show that the current 
“industrial metabolism” prevailing in the world’s industrialised centres cannot be 
replicated to the non-industrialised world – thereby raising the question of how a 
transition to more sustainable, yet equitable patterns of resource use could be 
achieved globally. It provides a powerful example of how the synthesis of insights 
from case studies, be they regional (as in most of LTSER), national or even supra-
national, can provide a fresh perspective to old problems and shed light on options 
for, but also constraints of, widely debated policy proposals. 

 Part III begins with the contribution of Morgan Grove and colleagues ( Chap.     16     ) 
in which they share their experience building a LTSER with the Baltimore Ecosystem 
Study, one of two US-designated urban LTER sites. They use an architectural meta-
phor to describe how to build site context, how to build a durable structure, and how 
to build process and maintenance into the project. They discuss several research 
tools that help to shift from an orientation of ecology  in  cities to one of ecology  of  
cities that is much more focused on the biophysical and human components of the 
broader system and how these interact. The authors describe the major research 
tools to facilitate this shift to an “Ecology of Cities” including press-pulse dynamics 
and patch dynamics. Finally, the chapter describes the four legs of the Carpenter 
table and how these have been applied in Baltimore, speci fi cally, long-term moni-
toring, modelling, and conducting experiments and comparative analyses. 

 Michael Mirtl and colleagues in  Chap.     17      report on the conceptualisation, design 
and implementation of Long-Term Socio-Ecological Research (LTSER) in the 31 
LTSER Platforms in Europe. LTSER Platforms are hot spot areas for interdisciplin-
ary research emphasising the integration of the four pillars of LTER-Europe´s sci-
ence strategy (systems approach, process-oriented, long-term and site-based). By 
applying acknowledged conceptual models like ISSE (see Chap.   16    ) to LTSER 
Platforms, “regional socio-ecological pro fi les” can be generated. Such pro fi les distil 
the multiple social and ecological variables and their complex interactions operat-
ing within the Platform and identify key topics of study. The experiences gathered 
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over 6 years of practical work in the Austrian Eisenwurzen LTSER Platform 
(Chap.   19    ), the Central French Alps LTSER Platform (Chap.   20    ), the Austrian Tyrolean 
Alps LTSER Platform (Chap.   21    ) and in the Finnish LTER network (Chap.   18    ) are 
used to assess weaknesses and strengths of two LTSER platform implementation 
strategies (evolutionary vs. strategically managed) and to derive recommendations 
for the future. The chapter represents the close of the  fi rst substantive loop of LTSER 
research that began in 2003 from conceptualisation to implementation and, through 
the introspective analysis here, a reconsideration of the central concepts. 

 Eeva Furman and Taru Peltola in  Chap.     18      outline internal and external factors 
that catalysed the adoption of LTSER in Finland. The authors analyse the initiation 
phase, the very  fi rst steps taken by the Platforms and the challenges faced during 
this period. The strategic decisions to undertake a demanding bottom-up process 
and to adopt a strong interdisciplinary approach to the development of the FinLTSER 
network are seen to be rewarding. The authors feel that though problem-oriented 
environmental research is highly acknowledged by many funding agencies, there 
exists an epistemological and methodological friction when moving from research 
with a short-term mono-disciplinary focus to a long-term one with emphasis on 
interdisciplinarity. 

 Johannes Peterseil and colleagues in  Chap.     19      synthesise their 7 years of experi-
ence with the Austrian Eisenwurzen LTSER Platform, one of the  fl agship projects 
of the European LTSER Platform concept. The authors describe the challenges of 
the implementation process and its current management structure. The Eisenwurzen 
LTSER Platform provides a framework for transdisciplinary socio-ecological 
research in the region, based on a Memorandum of Understanding (MoU) among 32 
parties. The authors stress the importance of the time factor in the successful opera-
tion of a LTSER Platform: expectations held by the stakeholders are often too high 
and unrealistic, given the lengths of the cycle from identifying an appropriate 
research question, writing the proposal, obtaining funding and undertaking research 
and analysis to  fi nally translating the outcomes for management and policy. Such a 
process may take from 5 to 10 years or more, but the longer stakeholders have to 
wait for research outcomes and anticipated bene fi ts, the higher the risk that their 
interest and  fi nancial support will be lost and the greater the effort needed to keep 
them motivated. 

 Sandra Lavorel and colleagues in  Chap.     20      report on the Central French Alps 
LTSER Platform with a focus on coupled dynamics of alpine ecosystems. The 
French LTSER Platform has fostered three important advances: (a) Long-term data 
consolidation and sharing; (b) establishing interdisciplinary research projects; and 
(c) engaging stakeholders in transdisciplinary projects, including climate change 
adaptation in the French Alps. In line with other experiences in establishing LTSER 
Platforms, the authors highlight the importance of time and patience in such a pro-
cess, but  fi nd it to be rewarding. In only a short time since the creation of the French 
LTSER Platform, individuals and partner institutions concluded that the platform 
structure provided them with an important framework to formalise already ongoing 
collaborations across different disciplines. More recently, interdisciplinary research 
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projects in which social sciences are truly incorporated into the design of the 
research framework are evolving. The issue of climate change in particular has 
emerged as a common theme fostering transdisciplinary collaboration. 

 In  Chap.     21     , Ulrike Tappeiner and colleagues unravel the history, future perspec-
tives and challenges of setting up LTSER research in the Austrian (Tyrolean) Alps, 
the second Austrian LTSER Platform. Sharing some aspects of the French experi-
ence (Chap.   20    ), the authors emphasise policy-oriented research and monitoring of 
sensitive mountain habitats highly vulnerable to changes in land use and climate, 
which are occurring at increasingly rapid rates in the Alps. Long-term ecological 
research in the Tyrolean Alps has a long tradition going back more than a century, 
with pioneering research on plant geography, alpine botany and chemical ecology. 
By comparison, socio-ecological and socioeconomic studies are fewer and more 
recent, beginning in the 1970s with the launch of UNESCO’s Man and [the] 
Biosphere Programme in the region. The authors note some of the challenges faced 
in implementing LTSER: delivering suf fi cient funding, de fi ning a coherent LTSER 
research agenda, establishing an appropriate management structure for the platform, 
forming interdisciplinary research teams, and installing transdisciplinary research 
processes across scientists, stakeholders and the local population. 

 The  fi nal chapter, by Willi Haas and colleagues, explores in depth the transdisci-
plinary challenge within LTSER. Drawing on several years of research experience 
in the Gurgler Kamm Biosphere Reserve, part of the Tyrolean LTSER Platform in 
Austria, the authors present outcomes from integrated monitoring and sustainability 
assessment. They suggest that in the context of evaluating sustainability, monitoring 
efforts should be concentrated not only on natural processes, but also on those ele-
ments of the social sphere that have a direct causal effect on the ecosystem. In par-
ticular, the emphasis should be on understanding the dynamics of society-nature 
interactions, the results of which will have to be assessed by the relevant stakehold-
ers from time to time, including management in the light of policy goals and targets. 
Thus, the goal of the research project outlined in this chapter was not only scienti fi c, 
but has high societal relevance insofar as the investigation would have to take into 
account past and current socioeconomic trends as well as future development 
options compatible with regional sustainability. Although this is easier said than 
done, the chapter provides valuable insights into the challenges of such a research 
process, both in setting up an interdisciplinary research team and in engaging 
stakeholders. 

 We hope that these varied and rich contributions – spelled out in more detail 
in the following pages – will allow us to take stock of the emerging  fi eld of 
LTSER both in the United States and in Europe and will also inspire future 
collaborative research elsewhere. The environmental and sustainability concerns 
of our times are indeed pressing and there is an urgent need to act with enhanced 
clarity and pro fi ciency. We hope that this volume will give the reader a greater 
sense of where we are and what still needs to be done to engage in and make 
meaning from long-term, place-based and cross-disciplinary engagements with 
socio-ecological systems.      
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  Abstract   This chapter reviews approaches to analysing the ‘metabolism’ of socio-
economic systems consistently across space and time. Socioeconomic metabolism 
refers to the material, substance or energy throughput of socioeconomic systems, 
i.e. all the biophysical resources required for production, consumption, trade and 
transportation. We also introduce the broader concept of socio-ecological metabo-
lism, which additionally considers human-induced changes in material, substance 
or energy  fl ows in ecosystems. An indicator related to this broader approach is the 
human appropriation of net primary production (HANPP). We discuss how these 
approaches can be used to analyse society-nature interaction at different spatial 
and temporal scales, thereby representing one indispensible part of the method-
ological tool box of LTSER. These approaches are complimentary to other meth-
ods from the social sciences and humanities, as well as to genuinely transdisciplinary 
approaches. Using Austria’s sociometabolic transition from agrarian to industrial 
society from 1830 to 2000 as an example, we demonstrate the necessity of including 
a comprehensive stock- fl ow framework in order to use the full potential of the socio-
ecological metabolism approach in LTSER studies. We demonstrate how this 
approach can be implemented in integrated socio-ecological models that can 
improve understanding of changes in society-nature interrelations through time, 
another highly important objective of LTSER.  
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    2.1   Introduction 

 One of the central aims of Long-Term Socio-Ecological Research (LTSER) is to 
provide scienti fi c insights within the  fi eld of global environmental change to sup-
port transitions towards sustainability (Fischer-Kowalski and Rotmans  2009 ; see 
the Introduction Chap.   1     in this volume). Changes in stocks and  fl ows of carbon, 
water, nitrogen and many other compounds are crucial aspects of global environ-
mental change. Climate change, for example, is driven by the accumulation of gases 
in the atmosphere that alter the energy balance of the global climate system. Changes 
in the concentration of such greenhouse gases (abbreviated as GHG, the most 
important of these being CO 

2
 , CH 

4
  and N 

2
 O) in the atmosphere resulting from 

human activities are very likely responsible for most of the observed growth in 
global mean temperature since the mid-twentieth century (IPCC  2007  ) . Likewise, 
emissions of toxic substances into water bodies or the atmosphere in fl uence ecosys-
tems, including agro-ecosystems and forestry systems, humans as well as buildings 
and other valuable artefacts at regional or even global scales (Akimoto  2003  ) . 

 Human-induced changes in global biogeochemical cycles also contribute to bio-
diversity loss, both directly and indirectly. Nitrogen enrichment has been shown to 
reduce species diversity in many environments (Vitousek et al.  1997  ) . There is evi-
dence that avian species richness is positively related to biomass stocks in ecosystems 
(Hatanaka et al.  2011  ) , implying that a reduction of biomass stocks (e.g. through 
deforestation) would contribute to species loss. Empirical studies suggest that species 
richness is lower in ecosystems where human activities reduce biomass availability 
(Haberl et al.  2004b,   2005  ) . There is empirical evidence that land use is the most 
prominent driver of biodiversity loss, followed by climate change (Sala et al.  2000  ) . 

 Mitigating climate change and reducing biodiversity loss are two cornerstones of 
global sustainability policies, at least since the Conventions on Biological Diversity 
and the United Nations Framework Convention on Climate Change, both adopted at 
the 1992 United Nations Conference on Environment and Development (UNCED) 
in Rio de Janeiro. Understanding the social and economic processes that contribute 
to changes in global stocks and  fl ows of materials, energy and chemical elements 
allow us to gain insights into the drivers of these two highly important global envi-
ronmental sustainability concerns. In other words, the concept of tracing changes in 
socio-ecological stocks and  fl ows of materials and energy across time and space is 
a central approach of LTSER. Several chapters of this volume are built upon this 
approach (see Fischer-Kowalski et al., Chap.   4     in this volume; Krausmann, Chap.   11     
in this volume; Gingrich et al., Chap.   13     in this volume; Krausmann and Fischer-
Kowalski, Chap.   15     in this volume). 

 In this contribution, we outline concepts and methods suitable for analysing bio-
physical stocks and  fl ows, e.g. material and energy  fl ow accounting (often referred 
to as MEFA, e.g. Haberl et al.  2004a  ) , the human appropriation of net primary 
production (HANPP) and related approaches for analysing socioeconomic and, 
more broadly, socio-ecological metabolism useful for LTSER studies. Based on 
a case study of Austria (1830–2000), we discuss how these methods can be used to 

http://dx.doi.org/10.1007/978-94-007-1177-8_1
http://dx.doi.org/10.1007/978-94-007-1177-8_4
http://dx.doi.org/10.1007/978-94-007-1177-8_11
http://dx.doi.org/10.1007/978-94-007-1177-8_13
http://dx.doi.org/10.1007/978-94-007-1177-8_15
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analyse and improve understanding of socio-ecological transitions (Fischer-Kowalski 
and Haberl  2007 ; see Krausmann, Chap.   11     in this volume; Gingrich et al., Chap.   13     
in this volume; Krausmann and Fischer-Kowalski, Chap.   15     in this volume). 

 The sociometabolic approaches discussed in this chapter are complimentary to 
concepts and methods used and discussed in other chapters in this volume: from 
environmental history, biohistory, geography and social sciences, to transdisciplinary 
methods as well as approaches based on modelling. Links between data-based, 
empirical approaches to understand material and energy  fl ows and system-dynamic 
modelling methods are explicitly discussed in Sect.  2.4  of this chapter.  

    2.2   Socioeconomic Metabolism: Material and Energy 
Flow Analysis (MEFA) 

 All human activities depend on inputs of materials and energy from the natural 
environment. At the very least, food is needed to keep humans alive, healthy and 
able to perform work. But many activities require much more than this ‘basic’ or 
‘endosomatic’ metabolism (Boyden  1992 ; Fischer-Kowalski and Haberl  1997 ; 
Giampietro et al.  2001  ) . Economic activities such as production, consumption, 
trade, transportation, and even services need buildings, infrastructures or machinery 
that in turn require inputs of raw materials or manufactured goods as well as inputs 
of energy, be it in the form of human or animal labour or as technical energy carriers 
such as electricity, fuels or heat. Therefore, by thermodynamic necessity, economic 
processes result in outputs not only in the form of products, but also as wastes and 
emissions (Hall et al.  2001  ) . 

 The study of biophysical  fl ows associated with socioeconomic processes has a 
long-standing tradition in social and human ecology, ecological anthropology, 
ecological economics, industrial ecology and many other interdisciplinary  fi elds of 
inquiry focused on processes of society-nature interaction. As several excellent 
reviews are available (e.g. Fischer-Kowalski  1998 ; Fischer-Kowalski and Hüttler 
 1998 ; Martinez-Alier  1987  ) , we will not attempt a full review here; instead we focus 
on the use of these concepts within LTSER. 

 The concept of socioeconomic metabolism (Ayres and Kneese  1969 ; Ayres and 
Simonis  1994 ; Boulding  1972 ; Fischer-Kowalski and Haberl  1997 ; Martinez-Alier 
 1987  )  has been developed as an approach to study the extraction of materials or 
energy from the environment, their conversion in production and consumption 
processes, and the resulting outputs to the environment. Accordingly, the unit of 
analysis is the socioeconomic system (or some of its components), treated as a 
systemic entity, in analogy to an organism or a sophisticated machine that requires 
material and energy inputs from the natural environment in order to carry out certain 
de fi ned functions and that results in outputs as wastes and emissions. At a very basic 
level, one can distinguish between two sociometabolic approaches: one that aims at 
forging a comprehensive account of all biophysical  fl ows needed to build up, sustain 

http://dx.doi.org/10.1007/978-94-007-1177-8_11
http://dx.doi.org/10.1007/978-94-007-1177-8_13
http://dx.doi.org/10.1007/978-94-007-1177-8_15
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and operate a de fi ned set of socioeconomic stocks for a given reference system 
identi fi ed by scale (global, national, regional) or by function (household, economic 
sector or commercial enterprise); the other is the life-cycle analysis (LCA) approach 
that aims to account for resource requirements as well as wastes and emissions 
resulting from a single unit of product or service (Fig.  2.1 ).  

 In both cases, the essential question is how to de fi ne the system boundaries. 
Systemic approaches such as economy-wide material and energy  fl ow analysis (see 
below) usually focus on three compartments of ‘society’s biophysical structures’ 
(Fischer-Kowalski and Weisz  1999  ) : humans, livestock (all animals kept and used 
by humans) and artefacts (all non-living structures constructed, maintained and used 
by humans, i.e. infrastructures, buildings, machinery and other durables). Human 
labour is the main determinant in the choice of compartments. In other words, all 
that is created and maintained by human labour is considered as part of society’s 
biophysical structures or stocks. 1  Only those biophysical  fl ows are accounted for 
that serve to build up, maintain or use these structures (Fischer-Kowalski  1998  ) . 
While systemic metabolism approaches are used to account for and analyse meta-
bolic  fl ows of societies across time and space, LCA is so far mainly used for a quite 
different purpose, namely to optimise chains of production. Accordingly, its system 
boundaries are different. In LCA, the ‘functional unit’ may be a service such as 
‘movement of one person from A to B’ or a de fi ned amount and quality of a product 
such as ‘one kilogram of fresh tomatoes’ (Rebitzer et al.  2004  ) . Although LCA 
might become relevant to LTSER in the future, it has not been widely used in LTSER 
so far, to our knowledge, and will not be further discussed here. 

   1   Agricultural  fi elds are excluded from the de fi nition of society’s biophysical stocks even though 
they are produced and maintained by human labour, for accounting reasons, among others. For a 
detailed discussion on conceptual and methodological considerations, see Fischer-Kowalski and 
Weisz  (  1999  )  and Eurostat  (  2007  ) .  

Socio-
economic

stocksInput Output

Input: = output ± stock change

Boundary of society's
biophysical structures

Systemic approacha b Life-cycle analysis

Extraction

Transport

Manufacturing

Packaging

Use

Disposal

All flows resulting from one
unit of product or service

  Fig. 2.1    Basic approaches to analyse socioeconomic metabolism. ( a ) Systemic approaches 
account for all physical  fl ows (materials, energy, substances) required for reproduction and func-
tioning of socioeconomic stocks. ( b ) Life-cycle analysis accounts for resource requirements or 
emissions from one unit of product or service throughout its entire life cycle (‘cradle to grave’)       
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 Systemic approaches to analyse socioeconomic metabolism are able to trace the 
 fl ows of materials (material  fl ow analysis or MFA), individual substances (substance 
 fl ow analysis or SFA) or energy (energy  fl ow analysis or EFA) through biophysical 
structures of society (humans, livestock, artefacts). MFA attempts to establish 
comprehensive accounts of the material throughput of a de fi ned societal subsystem, 
spatially and functionally, e.g. a national economy, a city or village, a household or 
an economic sector. In this context, the notion of ‘materials’ refers to broad aggre-
gates such as construction materials, industrial minerals and ores, biomass, fossil 
energy carriers or traded manufactured goods (Krausmann et al.  2009a ; Weisz et al. 
 2006  ) . National-level (or economy-wide) MFA takes into account all those materials 
used by national economies. Economy-wide MFA has meanwhile become fairly 
standardised and is implemented as part of national environmental statistics and 
book-keeping (Eurostat  2007 ; OECD  2008  ) . 

 In contrast to the  fl ows of broad aggregates of materials discerned in MFA, sub-
stance  fl ow analyses (SFA) account for the  fl ows of de fi ned substances or even 
chemical elements, e.g. nitrogen (N), carbon (C) or metals such as iron (Fe), Zinc 
(Zn), Copper (Cu) and others (e.g., Billen et al.  2009 ; Erb et al.  2008 ; Graedel and 
Cao  2010 ; Wang et al.  2007  ) . MFA and SFA are seen as complimentary approaches 
to analyse socioeconomic use of resources: While MFA provides a comprehensive 
picture of total resource use (with concerns over depletion of natural resources and 
disruption of habitats during extraction), SFA can be more easily connected to 
speci fi c scarcities or environmental problems, e.g. climate change in the context of 
carbon  fl ows or alteration of global biogeochemical cycles in the case of nitrogen. 

 In physical terms, energy is the ability to perform work. Energy is less ‘tangible’ and 
more abstract than materials (measured in kilograms, kg) or substances (measured in 
kg of the relevant substance, e.g. kg C in carbon  fl ow accounts or kg N in a study on 
nitrogen  fl ows). Nevertheless, scholars have long been interested in human use of 
energy (for an excellent review see Martinez-Alier  1987  ) . Data on socioeconomic use 
of technical energy (i.e., energy  fl owing through artefacts) in national economies 
(i.e. on the country level) are readily available in conventional energy statistics and energy 
balances (e.g. IEA  2010  ) . Such statistics provide indicators such as Total Primary 
Energy Supply (TPES) or Final Energy Use (i.e. the energy used in industry, services 
and households for all purposes except for the production of other energy carriers). 

 However, these statistics by de fi nition exclude human consumption of food as 
well as feed consumption of livestock, that is, the most important energy  fl ows of 
agrarian societies. Energy  fl ow accounting (EFA) methods that fully consider bio-
mass  fl ows have therefore been proposed based on the same system boundaries as 
MFA (Haberl  2001a,   b  ) . These methods have been used to reconstruct long time-
series of socioeconomic energy use on several scales, from local to national and 
global (Haberl  2006 ; Haberl et al.  2006a ; Haberl and Krausmann  2007 ; Krausmann 
and Haberl  2002,   2007  ) . EFA is therefore useful to analyse the transition from the 
agrarian to the industrial sociometabolic regime (Fischer-Kowalski and Haberl 
 2007 , see below). As the changes in energy systems connected to this transition are 
related to many current sustainability problems, e.g. climate change, depletion of 
resources or biodiversity loss, they are also relevant for LTSER. 
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 No matter whether one is interested in materials, substances or energy, it is 
important to note that the simple representation of socioeconomic metabolism in 
Fig.  2.1a  becomes quite complex when applied to concrete cases. There are many 
reasons for this. First, at every lower scale than the global, inputs can be generated 
by extracting materials or energy from natural systems on one’s own territory or by 
importing raw materials or even manufactured goods from elsewhere. The same 
holds for outputs which may be wastes and emissions or goods exported to other 
territories. Second, one needs de fi nitions of which  fl ows to include or exclude in the 
accounting system. For example, economy-wide MFA in principle includes all 
materials, but not air and water – except for the water contained in products. 2  MEFA 
accounts distinguish between those biophysical  fl ows that directly enter the econ-
omy and those that are physically moved at an early stage of extraction and produc-
tion only but are not economically useful, e.g. agricultural residues left in the  fi eld 
or overburden in mining (Fig.  2.2 ). Important indicators include the ‘direct material 
input’ (i.e. imports plus domestic extraction of used materials) and ‘domestic mate-
rial consumption’ (i.e. direct material input minus exports) (Eurostat  2007 ; OECD 
 2008  ) . The same indicators can be calculated for energy (Haberl  2001a  ) . Third, the 
complexity of the accounts and the dif fi culties of avoiding double-counting increase 
quickly if one tries to disaggregate material or energy  fl ow, for example to economic 

   2   Water and air together comprise 85–90% of all total material input. In order not to drown other 
“economically valued” materials in water and air, the latter are excluded from MFA. Another reason 
for their exclusion is the low environmental impact of their use, a supposition which is now 
beginning to be questioned in the context of discussions on ecosystem services (see   http://www.
teebweb.org/    ).  

Imports (raw materials, products)

Domestic environment

Domestic
extraction
-used
materials

Exports (raw materials, products)

Domestic
outputs to
the environment
(Pollutants, waste)

Stocks

Net addition
to stocks

Domestic extraction - unused materials

Indirect flows of
imports:
- used materials
- unused materials

Recycling,
re-use etc.

Domestic production and consumption

Rest of the
world:
- environment
- other economies

  Fig. 2.2    Scheme of economy-wide (national-level) material and energy  fl ow (MEFA) accounts 
(Source: Adapted from OECD  2008  )        
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sectors. Physical input-output tables have been used as a method towards that end 
(Hoekstra and van den Bergh  2006 ; Suh  2005 ; Weisz and Duchin  2006  ) . Indeed, full 
material balances that explicitly link inputs to outputs in the manner described in 
Fig.  2.2  are rare. Moreover, the quanti fi cation of socioeconomic material stocks and 
also of the stock changes is unfortunately still in its infancy (but see Matthews et al. 
 2000 ; Kovanda et al.  2007  ) .  

 Complimentary to EFA that can be used to assess the quantity and quality of 
energy ‘metabolised’ by society, analysts have long been interested in the 
‘energy return on investment’ (abbreviated as EROI) of different energy sources 
used by humans (Cleveland et al.  1984 ; Hall et al.  1986 ; Odum  1971 ; Pimentel 
et al.  1973 ; Rappaport  1971  ) . The EROI is de fi ned as the ratio between the 
amount of energy invested by society into a process and the amount of energy 
gained from it:

     

Energy gained [J]
EROI

Energy invested [J]
=

    

 Obviously, an energy resource can only deliver a surplus of energy (a positive 
amount of ‘net energy’) if society has to invest less than it gains, i.e. if EROI is 
larger than 1. Under certain circumstances, societies may decide to use energy 
resources even at EROI < 1, but they can do so only if possessing other energy 
sources with EROI > 1 to be able to provide for these ‘energetic subsidies’. For 
example, it has been observed that the EROI of many food products used in 
industrialised societies is far below 1 (Pimentel et al.  1990  ) , but these societies 
can afford to subsidise these products because they have fossil fuels that have a 
much larger EROI at their disposal. By contrast, agrarian societies vitally depend 
on the EROI of agriculture being substantially larger than 1, as biomass is their 
most important source of net energy. Empirical analyses conducted in many 
places and on different spatial levels have consistently produced empirical support 
for this hypothesis (e.g., Pimentel et al.  1990 ; Krausmann  2004 ; Sieferle et al. 
 2006  ) . Indeed, such changes in socioeconomic energy systems played a crucial 
role in facilitating the sociometabolic transition from agrarian to industrial society 
(Fischer-Kowalski and Haberl  1997,   2007 ; Krausmann and Haberl  2002 ; Haberl 
et al.  2011  ) . 

 The above-reviewed methods to account for socioeconomic metabolism are 
important for sustainability science and LTSER for the following reasons (Haberl 
et al.  2004a  ) : First, they provide a consistent accounting framework to assess bio-
physical  fl ows associated with human activities at many levels of societal organisa-
tion, from the individual to households, towns and cities to national and supranational 
levels. Second, this accounting framework can be consistently applied to trace 
changes across historical social formations – material, substance and energy  fl ows 
can be assessed for hunter-gatherers and agrarian societies as well as industrial 
societies, and the analyses of the changes in these biophysical  fl ows have proven to 
be immensely useful in understanding differences in sustainability challenges across 
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time and space (e.g., Dearing et al.  2007 ; Fischer-Kowalski and Haberl  1997,   2007 ; 
Haberl et al.  2011  ) . Third, they provide a crucial framework to consistently link 
socioeconomic drivers such as decisions of actors, policies, institutions, prices 
or technology, to name but a few, with biophysical  fl ows that have an obvious 
ecological signi fi cance, be it due to their toxicity (e.g. emissions of NO 

x
 , SO 

2
 , 

lead or dioxin), their ability to impact upon biological processes such as plant 
growth (e.g. reactive nitrogen) or their function as greenhouse gases (e.g., CO 

2
 , 

CH 
4
  or N 

2
 O). 

 The cumulative insights from these studies have resulted in the development 
of the theories of ‘sociometabolic regimes’ and ‘sociometabolic transitions’. In 
the former, systematic interrelations between resource use pro fi le, demographic 
trends, settlement patterns, governance structures and related environmental 
impacts are observed for a given mode of production. The transition from one 
sociometabolic regime to another, on the other hand, implies both a fundamental 
shift in terms of its resource use potential and environmental impacts as well as 
the qualitative attributes of the social system and its environmental impacts 
(Fischer-Kowalski and Haberl  2007 ; Fischer-Kowalski and Rotmans  2009 ; 
Fischer-Kowalski  2011  ) . From an LTSER point of view, these concepts are not 
only useful in understanding the historical and ongoing transitions that affect 
global environmental change, but may also inform and aid a transition to a more 
sustainable future. 

 Accounting for socioeconomic metabolism is not suf fi cient, however, if one 
aims to understand the impact of human activities on stocks and  fl ows of materi-
als and energy in the biosphere. Many human activities are deliberately altering 
biophysical properties of ecosystems in order to increase useful output and in 
doing so are inducing changes in stocks and  fl ows of materials and energy in 
ecosystems. The sum of these activities is denoted as land use – and is increas-
ingly being recognised as a pervasive driver of global environmental change 
(Foley et al.  2005  ) . Agriculture and forestry, but also the use of land for infra-
structure and for deposition or waste absorption, almost always results in changes 
in stocks and  fl ows of materials and energy in ecosystems. For example, convert-
ing natural ecosystems to cropland or managed grasslands affects not only the 
species composition of the ecosystem, but also water and nutrient  fl ows, stocks 
and  fl ows of carbon, water  fl ows and retention capacity, etc. (Haberl et al.  2001 ; 
Hoekstra and Chapagain  2008 ; Vitousek et al.  1997  ) . Many of these changes are 
associated with changes in land cover, e.g. conversions of forested land to agri-
cultural  fi elds, and can thus be monitored from space by remote sensing, but 
many other changes do not relate to such apparent alterations and are thus much 
more dif fi cult to quantify, map or assess, despite their far reaching consequences 
for socio-ecological systems (Erb et al.  2009a ; Lambin et al.  2001 ; Verburg et al. 
 2010  ) . These processes can be analysed by using approaches to account for 
socio-ecological metabolism, e.g. the ‘human appropriation of net primary pro-
duction’ (abbreviated as HANPP). Such approaches will be discussed in the follow-
ing section.  



372 Socioeconomic Metabolism and the Human Appropriation of Net Primary…

    2.3   Socio-ecological Metabolism: HANPP 
and Related Approaches 

 Socio-ecological metabolism (Haberl et al.  2006a  )  is an extension of the socioeconomic 
metabolism approach that aims to account for changes in both socioeconomic and 
ecological systems resulting from human activities. One such change particularly 
relevant in the LTSER context is that of biological productivity – that is, the annual 
net biomass production of green plants through photosynthesis (gross primary produc-
tion minus plant respiration, i.e. net assimilation). 

 Net Primary Production (NPP) is a key parameter of ecosystem functioning 
(Lieth and Whittaker  1975 ; Lindeman  1942 ; Whittaker and Likens  1973  ) . NPP 
determines the amount of trophic energy available for all heterotroph organisms 
(animals, fungi, microorganisms) in ecosystems. Many important processes such 
as nutrient cycling, build-up of organic material in soils or in above ground bio-
mass stocks, vitally depend on NPP. NPP is connected to the resilience of ecosys-
tems and to their capacity to provide services, such as biomass supply through 
agriculture and forestry, but also the buffering capacity or the absorption capacity 
for wastes and emissions (Millennium Ecosystem Assessment  2005  ) . Human alter-
ations of the availability of NPP in ecosystems are therefore ecologically relevant 
almost by de fi nition (Gaston  2000 ; Kay et al.  1999 ; Vitousek et al.  1986 ; Wright 
 1983,   1990  ) . 

 One of the indicators to measure human impact on biological productivity is the 
‘human appropriation of net primary production’, abbreviated as HANPP. HANPP 
provides a framework to account for changes in biomass  fl ows in ecosystems resulting 
from land use (Vitousek et al.  1986 ; Haberl et al.  2007a  ) . There are two equivalent 
de fi nitions of HANPP:

            0 tHANPP: NPP NPP= -     (1) 

            LC hHANPP: NPP NPP= D +    (2)     

 De fi nition (1) represents an ecological perspective: It de fi nes HANPP as the change 
in biomass availability in ecosystems resulting from land use, i.e. as the difference 
between the NPP of potential natural vegetation (NPP 

0
 ) – the NPP of the vegetation 

assumed to exist in the absence of human interventions under current climate condi-
tions – and the fraction of the actual vegetation NPP (abbreviated NPP 

act
 ) remaining 

in ecosystems after harvest. Harvest is denoted as NPP 
h
  and the amount of NPP 

remaining in the ecosystem as NPP 
t
  (see Fig.  2.3 ). De fi nition (2) is equivalent, but 

de fi nes HANPP from a socioeconomic perspective: Land use changes the NPP of 
the vegetation by supplanting potential vegetation with actual vegetation – the dif-
ference between NPP 

0
  and NPP 

act
  is denoted as ΔNPP 

LC
 . In addition, harvest (NPP 

h
 ) 

removes NPP from the ecosystem, thereby reducing the amount of biomass remain-
ing available in the ecosystem for all heterotrophic food chains or for biomass 
accumulation.  
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 HANPP is related to sustainability issues such as food supply from ecosystems 
to society, 3  the conversion of valuable ecosystems (e.g., forests) to infrastructure, 
cropland or grazing land (FAO  2004 ; Millennium Ecosystem Assessment  2005 ; 
Lambin and Geist  2006  ) , with detrimental consequences for biodiversity (Haberl 
et al.  2004b,   2005  ) . HANPP is connected to changes in global water  fl ows (Gerten 
et al.  2005  ) , carbon  fl ows (DeFries et al.  1999 ; McGuire et al.  2001  )  and – as bio-
mass contains nitrogen (N), and N fertiliser is an important factor for agricultural 
productivity – also N  fl ows. HANPP is therefore directly related to global, human-
induced alterations of biogeochemical cycles (Steffen et al.  2004  ) . 

 Current global HANPP levels are at approximately one quarter of NPP 
0
  (referring 

to the year 2000; Haberl et al.  2007a  ) , underpinning the notion that human activities 
have begun to overwhelm the great forces of nature, thereby driving the earth system 
into a new geological era, the ‘anthropocene’ (Crutzen and Steffen  2003 ; Steffen 
et al.  2007  ) . Recent research suggests that HANPP could become a potent indicator 
of human pressures on biodiversity (Haberl et al.  2004b,   2005  ) . Despite a broad 
acknowledgement of a strong interrelation between the NPP  fl ow in ecosystems and 
biodiversity, however, there are discussions on the mathematical form of this inter-
relation (Waide et al.  1999 ; Haberl et al.  2009b  ) . Empirical  fi ndings so far indicate 
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  Fig. 2.3    De fi nition of HANPP – see text for explanation (Source: Modi fi ed after Krausmann 
et al.  2009b  )        

   3   For example, converting natural ecosystems to cropland increases HANPP. Increasing yields per 
unit area and year or reducing losses in the production chain allows the HANPP per unit of  fi nal 
product to be reduced and therefore HANPP to be ‘decoupled’ from supply of food or other land-
dependent products.  
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that high HANPP levels do not correlate with high biodiversity levels, giving indirect 
evidence that HANPP can be used as an indicator for socioeconomic pressures on 
biodiversity (Haberl et al.  2007b  ) . 

 Recent research has demonstrated that HANPP can be assessed with reasonable 
effort and precision at many spatial and temporal levels. Global maps of terrestrial 
HANPP in the year 2000 at a resolution of approximately 10 km are readily available 
(Haberl et al.  2007a  ) . 4  Several long-term (decadal to centennial) country-level 
HANPP studies have meanwhile been conducted (e.g. Krausmann  2001 ; Kastner 
 2009 ; Musel  2009 ; Schwarzlmüller  2009 , see e.g. Erb et al.  2009b  ) . 5  Such studies 
have proven to be valuable in improving understanding of ecological implications 
of sociometabolic transitions (Fischer-Kowalski and Haberl  2007 , see next section), 
an issue of paramount importance for LTSER. Of course, HANPP is no panacea. 
For example, while HANPP is a suitable indicator of overall land-use intensity, it is 
not well-suited to capturing cropland intensi fi cation: Intensi fi cation drives up NPP 

act
  

and NPP 
h
  in parallel. In effect, even large increases in yields do not show up as an 

increase in HANPP. Additional indicators such as nutrient balances and EROI are 
required to make such effects visible (Erb et al.  2009b  ) . 

 The HANPP framework can be extended in at least two directions that are rele-
vant in LTSER. First, in addition to the HANPP on a de fi ned territory, one can also 
calculate the HANPP caused by, or ‘embodied in’, the products consumed by a 
population. This is captured by the concept of ‘embodied HANPP’, abbreviated as 
eHANPP (Erb et al.  2009c ; Haberl et al.  2009a  ) . The eHANPP concept is related to 
approaches such as ‘virtual water’ (Allan  1998  )  and the ‘water footprint’ (Hoekstra 
and Chapagain  2007 ; Gerbens-Leenes et al.  2009  ) . Embodied HANPP is the HANPP 
resulting from the consumption of all products used by a population. National 
eHANPP can be calculated by adding to the HANPP on a country’s own territory 
the HANPP resulting from imports and subtracting the HANPP resulting from 
exports (Erb et al.  2009c ; Haberl et al.  2009a  ) . 

 Let us consider the example of Australia: This highly industrialised, but sparsely 
populated country (two inhabitants per square kilometre) has an HANPP on its 
national territory of 708 million tonnes of dry-matter biomass (Mt/year), but the 
eHANPP related to the consumption of its population is only 177 Mt/year. In other 
words, net biomass trade results in a ‘net export’ of three-quarters of Australia’s 
HANPP. By contrast, Japan, with its high population density (330 inhabitants per 
square kilometre) has an HANPP on its own territory of 113 Mt/year, but the 
eHANPP related to its consumption is more than  fi ve times higher and amounts to 
581 Mt/year – hence, Japan obviously could not generate suf fi cient supplies on its 

   4   Gridded HANPP data can be freely downloaded at   http://www.uni-klu.ac.at/socec/inhalt/1191.
htm      
   5   HANPP studies are not restricted to terrestrial ecosystems, but can also be used to analyse trends, 
trajectories and the magnitude of human impacts on e.g. marine ecosystems (Pauly et al.  2005 ; 
Swartz et al.  2010  ) . The utility of these approaches in LTSER has so far not been explored.  

http://www.uni-klu.ac.at/socec/inhalt/1191.htm
http://www.uni-klu.ac.at/socec/inhalt/1191.htm
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own territories, at least at its current consumption levels. Such data allow us to analyse 
the ‘teleconnections’ between cities and their hinterlands or between exporting and 
importing countries (Haberl et al.  2009a  ) . 

 The eHANPP concept thus allows us to explicitly analyse the impacts of con-
sumption on terrestrial systems in terms of their trophic energy  fl ows. Second, one 
can also link the  fl ows accounted for in HANPP assessments to stocks of biomass 
and carbon in biota and soils (Erb  2004 ; Erb et al.  2008 ; Haberl et al.  2001 ; Gingrich 
et al.  2007 ; see next section). This is particularly relevant as it allows us to establish 
full carbon balances thus providing a comprehensive picture of the carbon stocks 
and  fl ows in a de fi ned country or region that considers not only C- fl ows resulting 
from socioeconomic metabolism but also those resulting from land-use change. 

 Approaches that are conceptually related to HANPP can be developed for other 
relevant resources as well. For example, one can calculate the ‘human appropriation 
of freshwater’ (Postel et al.  1996 ; Weiß et al.  2009  )  and human-induced changes in 
river runoff (Vörösmarty et al.  1997  ) . Another related concept is the mapping of the 
relation between human-induced and natural metal  fl ows (Rauch and Pacyna  2009 ; 
Rauch  2010  ) .  

    2.4   Austria 1830–2000: Towards a System-Dynamic 
Model of Carbon Stocks and Flows 

 In this section we summarise recent research on the stocks and  fl ows of carbon in 
Austria from 1830 to 2000 and propose how this transition might be analysed using 
a system-dynamic model. The analysis of changes in carbon stocks and  fl ows in 
Austria through almost two centuries provides an example of how the above-
discussed methods and approaches can help to integrate empirical, data-driven and 
analytic, system-dynamic approaches for LTSER. Integrating system-dynamic 
modelling with data generation and interpretation allows us to test hypotheses on 
the relative importance of drivers and on interrelations between important factors 
and is therefore an important approach in LTSER (van der Leeuw  2004  ) . 

 We focus in this example on carbon, not only because these data are available 
from previous research (Erb  2004 ; Erb et al.  2007,   2008 ; Gingrich et al.  2007  )  but 
also because changes in stocks and  fl ows of carbon have an immediate bearing 
upon many contemporary sustainability challenges. Carbon is an essential chemical 
element indispensable not only for all living organisms (about half of dry-matter 
biomass is carbon), but also a major constituent of many materials, most promi-
nently fossil fuels. Its concentration in the atmosphere is a major determinant of the 
earth’s climate system because CO 

2
  absorbs infrared radiation and can thereby alter 

the earth’s radiation balance. Carbon is therefore highly important for socioeconomic 
and ecological systems alike. 

 During the period 1830–2000, Austria underwent an almost complete sociomet-
abolic transition from an agrarian to an industrial society. Population grew by a 
factor of 2.3 from 3.6 to 8.1 million. The agrarian share of the population (i.e. farmers 
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and their families) dropped from 75 to 5%. The contribution of agriculture to GDP 
even declined to 1.4% in the year 2000, while total GDP rose by a factor of 28 and 
per-capita GDP by a factor of 12 (Krausmann and Haberl  2007  ) . 

 At the beginning of the period in question, Austria was still a predominantly 
agrarian country. 6  In 1830, biomass accounted for 99% of the socioeconomic energy 
input for food, feed and  fi bre but also for mechanical work, light and heat. Hydropower 
was used by water mills that were important for processes such as grain milling or 
metal works, but the amount of energy gained through this process was below 1% of 
total socioeconomic energy input. Similarly, some coal was already used at that time, 
but the amount was almost negligible compared to biomass. 

 The  fi rst phase of Austria’s industrialisation until World War I was largely powered 
by coal. At that time, the abundant coal reserves of Bohemia and southern Poland 
were ‘domestic’ resources: Although the coal had to be ‘imported’ to the current 
Austrian territory, the coal in fact came from other parts of the same country; that is, 
the Austro-Hungarian monarchy. This changed abruptly with World War I, after 
which most coal had to be imported from what were now independent countries. 
This in effect resulted in a restructuring of the Austrian industry, with less emphasis 
on heavy industry after the war and lower levels of coal use. After World War II, 
Austria’s rapid economic growth was mostly powered by oil products, later by 
natural gas and by a considerable hydropower programme that led to the utilisation 
of about three-quarters of the economically usable potential, continuing into the 
present day (for detail see Krausmann and Haberl  2002,   2007  ) . 

 All of this resulted in major changes in Austria’s socioeconomic carbon  fl ows. 
In 1830, almost all of the carbon metabolised by Austrian society came from biomass 
harvested on Austria’s own territory through either agriculture or forestry (coal was 
insigni fi cant at that point in time, contributing less than 1% to Austria’s total ener-
getic metabolism). By contrast, in the year 2000, fossil fuels played a major role, 
although the carbon contained in biomass was still by no means negligible (Fig.  2.4a ). 
Almost all the carbon metabolised by the Austrian economy  fl owed to the atmo-
sphere, mostly as CO 

2
 , but at the same time plant growth also removed CO 

2
  from the 

atmosphere through photosynthesis. Carbon from biomass is often exempted on 
these grounds from greenhouse gas accounts, but the general assumption that the 
release of carbon in biomass to the atmosphere would be ‘carbon neutral’ because it 
is balanced by plant growth has long been recognised as being imprecise 
(Schlamadinger et al.  1997  ) . In fact, this assumption may even result in major  fl aws, 
in particular in cases where large stock changes are triggered, such as with the con-
version of pristine forests to used forests or to agricultural  fi elds – a recent recognition 
that mandates revision of GHG accounting rules (Searchinger et al.  2009  ) .  

   6   Note that before 1918 the current territory of Austria was part of the much larger Austro-Hungarian 
monarchy. For this period, we were obliged to use data that refer to a territory that is similar, but 
not exactly identical to Austria’s current territory. These data were used to extrapolate to Austria 
in its current boundaries, in order to generate a consistent time series (see Krausmann and Haberl 
 2007  for detail).  
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 Correct treatment of this critical issue requires a clear distinction between stocks 
and  fl ows (Körner  2009  ) . Most of the carbon absorbed by green plants during 
photosynthesis is metabolised either by plants or by heterotrophic organisms and 
therefore released back to the atmosphere. Compared to these yearly  fl ows, net 
changes in stocks – either in the soil, e.g. as soil organic carbon (SOC), or above-
ground in the carbon content of standing biomass stocks (‘standing crop’) – are 
comparably small. Estimating the net release (‘source’) or net absorption (‘sink’) of 
carbon therefore requires the assessment of carbon stocks in biota and soils at 
different points in time. If the stock is growing, one can assume that biota and soils 
have acted as a carbon sink, while in the opposite case they have acted as a source, 
i.e. emitted carbon to the atmosphere. 

 In Austria, carbon stocks in biota and soils are substantially lower than they 
would be in the absence of human use of the land (Fig.  2.4b ). The reason is that 
most of Austria’s area would be forested if not used by humans, whereas a consider-
able proportion of these natural forests have been replaced by agro-ecosystems 
(cropland, grasslands) by humans mainly from the Middle Ages onwards (in addition, 
natural forests have been almost entirely replaced by managed forests). As shown in 

  Fig. 2.4    Stocks and  fl ows of carbon in Austria 1830–2000. ( a ) Socioeconomic carbon  fl ows per 
year. ( b ) Carbon stocks in biota and soils in billion tonnes of carbon. ( c ) Net carbon exchange 
between atmosphere and biota/soils. ( d ) Net carbon emissions considering the terrestrial carbon 
sink (Source: Redrawn after Erb et al.  2008 ; Gingrich et al.  2007  )        
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Fig.  2.4b , carbon stocks in biota and soils have been steadily increasing since 1880, 
thereby resulting in a considerable net uptake of carbon: While biota and soils were 
almost balanced from 1830 to 1880, the net carbon uptake increased to approxi-
mately 2.9 million tC per year in the period 1996–2000 (Fig.  2.4c ). The reason for 
this phenomenon – which is typical for many industrial economies and is known as 
‘forest transition’ (Mather and Fairbairn  1990 ; Kauppi et al.  2006 ; Meyfroidt et al. 
 2010  )  – is that cropland and grassland areas are shrinking and forests are growing 
both in terms of area and in terms of stocking density, i.e. in carbon stocks per unit 
area (Erb et al.  2008 ; Gingrich et al.  2007  ) . In Austria, forest area grew by more 
than one- fi fth in the last 170 years. In that period, infrastructure areas grew by a 
factor of four, while cropland area was reduced by one-third and pastures and mead-
ows by one- fi fth (Krausmann  2001  ) . 

 That biota and soils in Austria absorb more carbon than they release can, at least 
in a  fi rst-order approach, be interpreted as justi fi cation for assuming that carbon 
releases through biomass combustion to the atmosphere were indeed ‘carbon neutral’. 
In fact, Austrian ecosystems not only produced all that biomass, they even seques-
tered carbon at the same time. However, there are some caveats. First, this view 
neglects the possibility that Austria’s biomass consumption causes carbon releases 
elsewhere. The analysis of this issue is still in its infancy, and considering such 
 fl ows might well in fl uence the overall balance (Gavrilova et al.  2010 ; Kastner et al. 
 2011  ) . Second, it would also be necessary to consider the counterfactual. For example, 
if wood harvest in Austrian forests were to be reduced, the forests would sequester 
considerably more carbon. This effect is substantial and might well cancel out any 
emission reduction if additional wood were to be harvested in order to burn it instead 
of fossil fuels (Haberl et al.  2003  ) . 

 The most important caveat, however, is the following one: The reduction in farm-
land was made possible by massive technological change in agriculture that helped 
to increase yields and conversion ef fi ciencies in the livestock sector (e.g. feed to meat 
ratios) by large margins. These changes were massive enough to allow for surges in 
agricultural yields and a 70% increase in primary biomass harvests on the Austrian 
territory from 1830 to 2000, without increasing HANPP. In fact, an empirical analy-
sis suggests that aboveground HANPP fell by some 15–20% over this period. This 
was so largely because, due to agricultural intensi fi cation, NPP 

act
  increased more 

than NPP 
h
 , and because the fraction of NPP 

h
  that could be used as commercial prod-

uct increased by large margins as well (Krausmann  2001  ) . These technological 
improvements were only possible due to large-scale inputs of fossil fuels in agriculture, 
both directly (e.g. tractors) and indirectly (e.g. arti fi cial N fertiliser). These changes 
have resulted in a massive reduction of the EROI of agriculture from around 6:1 in 
1830 to approximately 1:1 in the year 2000 (Krausmann  2004  ) . Ironically, the very 
same input of fossil fuels that resulted in the massive increases in total GHG emissions 
also helped to turn Austria’s biota and soils into a carbon sink. It is therefore fully 
justi fi ed to speak of a ‘fossil-fuel powered carbon sink’ (Erb et al.  2007  ) . 

 Similar trajectories of forest cover and carbon stocks are described for many 
countries (e.g., Kauppi et al.  2006 ; Kuemmerle et al.  2011  ) , which suggests that 
such complex interrelations and feedback loops between land intensi fi cation, forest 
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growth, and the overall socioeconomic energy system are ubiquitous. Our under-
standing of the spatial and temporal interrelation of these feedback loops, however, 
is still limited, as many parameter and causal chains show time lags and are subject 
to trajectories that operate at other spatial scales, e.g. mega-trends such as the glo-
balisation of production and consumption. 

 The development of algorithmic system-dynamic models has a high potential to 
advance our current understanding of the complex mechanisms underlying land-use 
change during socio-ecological transitions from agrarian to industrial society. 
System-dynamic models have been found to be useful heuristic tools that allow 
advances in the causal understanding of complex system change: they entail a well-
considered reductionism, pragmatism and a clarity of de fi nitions and assumptions at 
the same time (van der Leeuw  2004  ) . Simple algorithmic formulation of the causal 
relationships and feedback loops between the highly interlinked factors can be 
implemented in readily available system-dynamic modelling software. 7  

 System-dynamic modelling requires a de fi nition of a so-called causal diagram 
which serves as the basis of technical implementation of mathematically described 
interrelations between system components. This might already deliver crucial 
insights, because causal diagrams depict all key elements of the system under 
study and require the explicit de fi nition of the relationships between them (Garcia 
 2006  ) . An example of such a diagram is displayed in Fig.  2.5 . Once the variables 

  Fig. 2.5    Preliminary causal loop model of the land use model for Austria 1830–2000 – see text for 
explanation (Source: authors’ own  fi gure)       

   7   Free software is readily available, for example Vensim,   http://www.vensim.com/      

 

http://www.vensim.com/
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of the system are de fi ned the hypothetical relationships can be represented as 
arrows between them (Fig.  2.5 ), indicating directions of causal interdependencies. 
Each arrow is marked with a plus (+) or minus (−) sign that indicates if a change 
in the in fl uencing variable will produce a change of the same direction in the target 
variable or if the effect will be the opposite. Such causal simulation models are 
capable of reconstructing the trajectory of human-driven land-use change (Lambin 
et al.  2000 ; Verburg et al.  2000  ) .  

 In the model scheme displayed in Fig.  2.5 , the four major socioeconomic factors 
that in fl uence patterns and dynamics of land use are: (1) population, including 
changes over time, (2) changes in food consumption, (3) technological change, 
especially in agriculture, and (4) changes in international trade. Biomass harvest is 
directly in fl uenced by national biomass demand and supply, moderated by trade. 
Biomass demand is a function of population and the consumption pattern of the 
population – e.g. diet behaviour. Biomass supply depends not only on natural condi-
tions, but also on the dynamic interplay of labour, capital, livestock and land. 
External factors and dynamics as input variables used in the model could be (1) 
Industrialisation-Index indicating the technological change, (2) population numbers 
and (3) the traded biomass (all of these are highlighted in bold letters in Fig.  2.5 ), 
but different notions would also be valid (e.g. population numbers as an endogenous 
variable). Such causal models can be tested against historical statistics on land-use 
change, socioeconomic metabolism and land-cover change and are suitable heuris-
tic tools for advancing our understanding of long-term socio-ecological changes 
(Haberl et al.  2006b ; Turner et al.  2007  ) .  

    2.5   Outlook 

 The study of global environmental change requires a long-term scienti fi c perspective 
of society-nature interactions. Careful conceptual and methodological considerations 
are crucial in outlining a scienti fi c agenda for this emerging  fi eld of LTSER. In this 
contribution, we have tried to show the analytical power of socioeconomic and 
socio-ecological metabolism approaches for understanding local, regional and global 
environmental changes. These approaches provide tools to assess and monitor socio-
ecological interactions and provide insights into the cumulative effects of human 
activities and their sustainability challenges from a cross-scalar perspective. 

 Gauging from historical examples of various social formations and modes of 
production, it becomes evident that the study of the systemic interrelations between 
biophysical and socio-cultural attributes is key (Fischer-Kowalski and Haberl  2007  ) : 
Insights into these dynamics are of high relevance for a sustainability science agenda 
within LTSER, not only in terms of mapping biophysical  fl ows, but also in under-
standing feedback loops between these and other social, cultural, economic and 
political variables (Haberl et al.  2006b  ) . This research gap will hopefully be a major 
focus of future LTSER. The sociometabolic approaches discussed in this chapter thus 
have to be seen as complimentary to other approaches, e.g. those from social sciences 
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and humanities, and as representing an important part of the methodological toolbox 
of LTSER. In our view, the research discussed in this chapter shows that LTSER is 
maturing, developing and extending methods and has the potential to synthesise such 
methods and approaches in analysing and interpreting long-term changes. 

 Long-term socio-ecological research requires interdisciplinary efforts, dealing as 
it does with a plethora of paradigms and methods that require us to bring together 
not only the social and natural sciences, but also civil society and policy makers as 
major stakeholders to be considered. This chapter offers promising perspectives in 
dealing with some of the conceptual and methodological challenges in LTSER. 
Thus far, however, research is still biased towards understanding the biophysical 
aspects of society-nature interactions. Notwithstanding, there is an urgent need for 
more social science input, integrative and transdisciplinary research, as well as the 
establishment of effective communication pathways between scientists and other 
stakeholders, including the political system, to be able to in fl uence policy and human 
behaviour effectively with respect to the choices we make. Global sustainability 
depends upon moving beyond purely ecological considerations only and towards a 
system that presupposes the equitable distribution of resources, both in quantitative 
and qualitative terms, for the current as well as for future generations.      
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  Abstract   Society-nature interaction is an inherently complex process the analysis 
of which requires inter- and transdisciplinary efforts. Integrated socio-ecological 
modelling is an approach to synthesize concepts and insights from various scienti fi c 
disciplines into a coherent picture and thereby better understand the interrelations 
between various drivers behind the trajectories of socio-ecological systems. We 
here discuss insights gained in developing the integrated model SERD (Simulation 
of Ecological Compatibility of Regional Development) for the municipality of 
Reichraming in the centre of the Austrian LTSER platform Eisenwurzen. The model 
includes an agent-based actor module coupled with a spatially explicit land use 
module and a biophysical stock- fl ow module capable of simulating socio-ecological 
material  fl ows (C and N). The model was developed, implemented and used in a 
transdisciplinary research process together with relevant stakeholders. We conclude 
that the development of such models is highly attractive for LTSER due to their 
ability to integrate contributions from various scienti fi c disciplines and stakeholders 
and support learning on interactions in complex socio-ecological systems. Integrated 
socio-ecological models can therefore also support the study of sustainability-related 
issues in land-change science.  
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    3.1   Introduction 

 The notion that scientists need to better understand processes of society-nature 
interaction in order to be able to deliver the kind of knowledge required to support 
decision-making on sustainability issues is widely accepted (e.g. Kates et al.  2001 ; 
Ostrom  2009 ; Reid et al.  2010  ) . Attempts to de fi ne sustainability have emphasised 
different aspects of this broad concept, mostly depending on scienti fi c disciplines, 
professional backgrounds and personal interests of the researchers involved (see, 
for example, Brandt  1997 ; Clark and Munn  1986 ; Haberl et al.  2011 ; Holling  1986 ; 
Pearce et al.  1990 ; WCED  1987  ) . However, any de fi nition of sustainability that 
relates to society-nature interaction implies a need to observe societies and natural 
systems as well as their interaction over time and space, thereby seeking to answer 
questions such as ‘which changes in natural systems are caused by socioeconomic 
activities?’, ‘what are the drivers of these changes?’, ‘how will these changes affect 
natural and socioeconomic systems’ and ‘how can we in fl uence these trajectories in 
a more sustainable direction?’ (Haberl et al.  2004  ) . Such questions have inspired 
moves to develop the concept of Long-Term Socio-Ecological Research (LTSER) 
as outlined in recent publications (Redman et al.  2004 ; Haberl et al.  2006 ; Singh 
et al.  2010  )  and broadly exempli fi ed in this volume. 

 Sustainability science hence focuses on socio-ecological (or human-environment) 
systems (Fischer-Kowalski and Haberl  2007 ; Folke and Gunderson  2006 ; GLP  2005 ; 
Holling  2001 ; Young et al.  2006a  ) . Socio-ecological systems emerge through the 
interaction of societies with their natural environment (Fischer-Kowalski and Weisz 
 1999 , see Fig.  3.1  below). Socio-ecological systems are inherently complex 

Natural (biophysical)
sphere of causation

Cultural (symbolic)
sphere of causation

Nature
Biophysical
structures of

society
Culture

Biophysical actualities
(material world)

Society

Socio-ecological system

  Fig. 3.1    Generic heuristic model of socio-ecological systems at the interface of natural and cul-
tural spheres of causation [Reprinted from Haberl et al .   (  2004  ) . With permission from Elsevier]       
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assemblages that are spatially heterogeneous and change over time according to an 
intricate interplay of a large number of biophysical as well as socioeconomic factors, 
including human decision-making. Attempts to better understand the spatio-temporal 
variability of socio-ecological systems need to be based on interdisciplinary approaches that 
allow us to take biophysical, social and economic factors as well as their interactions 
into account. Addressing this complexity is a prerequisite for developing a suf fi ciently 
inclusive understanding of the system dynamics at hand, and therefore also for deriving 
insights that are useful in supporting decision-making processes and in assessing why 
particular interventions may or may not be successful (Matthews  2006  ) . Building and 
applying models is an approach that has proven useful in order to tackle this complex-
ity (van der Leeuw  2004  )  and to support interdisciplinary collaboration and commu-
nication (Gaube et al.  2009a ; Newig et al.  2008a ; Verburg et al.  2004  ) .  

 Land use is a prominent example of such complex and dynamic socio-ecological 
interaction processes. The recognition of the importance of adopting integrated 
approaches in studying land use has recently resulted in the notion of ‘integrated 
land-system science’ (GLP  2005 ; Turner et al.  2007  ) . Land use directly affects biota, 
soils, water and the atmosphere and is therefore environmentally highly relevant 
(Meyer and Turner  1994  ) . Land use is currently changing around the globe, often 
rapidly, and these changes are a pervasive driver of global environmental change 
(Foley et al.  2005  ) , contributing to environmental problems such as biodiversity loss, 
greenhouse-gas emissions, degradation of ecosystems and loss of ecosystem service 
delivery and so on (Lambin and Geist  2006 ; Millennium Ecosystem Assessment 
 2005b  ) . At the same time, the need to adequately nourish a growing world popula-
tion, reduce hunger and malnutrition, provide renewable energy as well as raw 
materials and accommodate growing demands for living space and infrastructure add 
up to a formidable challenge, perhaps one of the toughest issues currently facing 
humanity (Erb et al.  2009 ; Godfray et al.  2010  ) . 

 Dynamics and patterns of land use are simultaneously in fl uenced by natural factors 
such as vegetation, land forms, climate or soil, as well as by socioeconomic charac-
teristics such as family structures, diets, economic incentives and preferences, the 
structure of the economy in terms of global price developments of agricultural prod-
ucts, property rights, subsidies, markets and many others (Lambin et al.  2001 ; 
Reenberg and Lund  2004 ; Wrbka et al.  2004  ) . Land-use change models can help in 
gaining a more detailed understanding of the interactions between these factors by 
analysing causes and consequences of land-use change (Matthews and Selman  2006 ; 
Verburg et al.  2004  ) . Moreover, such models can also support the analysis of decision-
making processes in fl uencing land-use change and they can help to structure partici-
patory processes and even decision-making in administration, policy-making or other 
settings (Newig et al.  2008b ; Gaube et al.  2009a  ) . Land-use change models used for 
these purposes address the question of how a socio-ecological system has evolved 
into its current state and how it might change in the future. In other words, how are 
interactions between the social and the natural system changing, what implications 
do these changes have for the state of the socio-ecological system, and how might the 
trajectory be in fl uenced (Agarwal et al.  2002  ) ? 

 Decisions of relevant actors shape land use. Decisions are made at many spatial 
and temporal scales, and the question of which actors are most relevant is strongly 
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scale-dependent (Dirnböck et al.  2008 ; see Dirnböck et al., Chap.   6     in this volume). 
Moreover, feedbacks between spatial scales are abundant, and these feedbacks act 
at a different pace on various relevant scales (Gibson et al.  2000 ; Gunderson and 
Holling  2002  ) . Agent-based models are a powerful approach to analyse these 
complex, context- and scale-dependent decision-making processes that in fl uence 
land-use change (Berger  2001 ; Gaube et al.  2009a ; Parker et al.  2003  ) . Agent-based 
models are currently used as a tool for understanding the dynamics of socio-ecological 
systems in which the decisions of actors in fl uence biophysical dynamics, such as 
socioeconomic metabolism and land use, and vice versa (e.g. McConnell  2001 ; 
Janssen  2004 ; Manson and Evans  2007  ) . They are attractive in that respect because 
they are capable of simulating the aggregate outcomes resulting from the decisions 
of many individual actors. 

 In order to be able to focus research processes on the concrete needs of key actors 
or stakeholders, approaches are needed that allow mutually bene fi cial interaction 
processes between scientists and stakeholders. In many cases, it is necessary to 
entertain participative processes throughout the entire research process, from prob-
lem de fi nition to the planning of concrete interventions or measures. Participation 
of this kind is key to enabling social actors or social systems to learn from or to be 
stimulated by the research process (Hare and Pahl-Wostl  2002 ; Newig et al.  2008a ; 
Pahl-Wostl  2002a  ) . 

 In this chapter we discuss how integrated models that comprise agent-based, 
land-use and biophysical stock- fl ow modules can be applied in LTSER. We argue 
that integrated socio-ecological models can contribute to local and regional sustain-
ability studies by supporting transdisciplinary research and by structuring participa-
tory processes that involve local stakeholders. We show that agent-based modelling 
helps in gaining a detailed and structured knowledge of socio-ecological systems 
and both facilitates and depends on the integration of relevant local stakeholders. 
We will discuss a case study examining how social and political interventions affect 
patterns of land use as well as socio-economic conditions in the Reichraming 
municipality, located in the LTSER region of Eisenwurzen in Austria.  

    3.2   Sustainability Science and Integrated 
Socio-ecological Modelling 

 The concept of socio-ecological systems outlined in Fig.  3.1  provides a heuristic 
basis for linking different disciplinary approaches in analysing biophysical, symbolic 
and social systems as well as their interactions. Socio-ecological systems can be 
depicted as two overlapping spheres, one representing a ‘natural’ or ‘biophysical’ 
sphere of causation governed by natural laws and a second one representing a ‘cultural’ 
or ‘symbolic’ sphere of causation reproduced by symbolic communication. The 
overlap between the two spheres constitutes the ‘biophysical structures of society’ 
that are part of both the cultural and the natural sphere of causation. According to 
this model, society continuously reproduces its symbolic as well as its biophysical 

http://dx.doi.org/10.1007/978-94-007-1177-8_6
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structures by interacting with its biophysical environment (Fischer-Kowalski and 
Weisz  1999 ; Haberl et al.  2004,   2006 ; Singh et al.  2010 ; Weisz et al.  2001  ) . 

 One approach to empirically describe the biophysical components of the interaction 
process between socioeconomic and natural systems is ‘socioeconomic metabolism’ 
(Ayres and Simonis  1994 ; Fischer-Kowalski  1997 ; Fischer-Kowalski et al.  1997 ; 
Martinez-Alier  1987 ; Matthews et al.  2000  ) . This approach is focused on the analysis 
of material and energy  fl ows between the biophysical structures of society and other 
components of the biophysical sphere of causation (see Haberl et al., Chap.   2     in this 
volume). The central idea of the metabolism approach is to conceptualise society as 
a physical input-output system that draws material and energy from its environment, 
maintains internal physical processes and dissipates wastes, emissions and low-quality 
energy to the environment (Georgescu-Roegen  1971 ; Daly  1973  ) . 

 The analysis of material and energy  fl ows related to economic activities is, how-
ever, not suf fi cient to capture society-nature interactions fully. Another important 
aspect of society-nature interaction is land use (Meyer and Turner  1994 ; Foley et al. 
 2005  ) . Land use has been described as a form of ‘colonisation of natural processes’ 
(Fischer-Kowalski and Haberl  1997 ; Haberl et al.  2001 ; Weisz et al.  2001  ) . The notion 
of colonisation emphasises that humans deliberately alter ecosystems and organisms 
in order to obtain goods (e.g. agricultural or forestry products) or services (e.g.  fl ood 
prevention) that society wants. The effects of colonisation on ecosystems can be anal-
ysed empirically by comparing currently prevailing ecosystem patterns and processes 
with those that would be expected without human intervention, for example by using 
indicators such as the ‘human appropriation of net primary production’ or HANPP 
(Vitousek et al.  1986 ; Wright  1990 ; see Haberl et al., Chap.   2     in this volume). 

 The approaches of metabolism and colonisation were the conceptual basis for 
several empirical studies on land use, material and energy  fl ows, their interactions 
and long-term trajectories (e.g., Fischer-Kowalski and Haberl  2007 ; Sieferle et al. 
 2006 , see Haberl et al., Chap.   2     in this volume; Krausmann, Chap.   11     in this volume; 
Gingrich et al., Chap.   13     in this volume; Krausmann and Fischer-Kowalski, Chap. 
  15     in this volume). 

 These studies focused on very different scales and periods, from the local, regional 
and national to the global level, and from decadal to centennial historical studies as 
well as analyses of current conditions and future scenarios. These concepts provide 
a sound theoretical and empirical basis for integrating approaches from natural 
sciences, social sciences and the humanities in analysing long-term changes in 
society-nature interaction in LTSER (Haberl et al.  2006 ; Singh et al.  2010  ) . 

    3.2.1   LTSER Platforms and Models 

 In particular, research in LTSER platforms needs models to synthesise contributions 
from different scienti fi c disciplines in a coherent picture, to analyse and interpret 
patterns in space and dynamics over time, to reconstruct historical states based on 
incomplete data and to support stakeholders in their decision-making relevant for 
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future sustainability (Gaube et al.  2009a ; Haberl et al.  2006,   2009 ; Krausmann 
 2004 ; Newig et al.  2008a ; van der Leeuw  2004  ) . The goal for LTSER platforms 
should be to develop speci fi c LTSER models that are sensitive to the characteristics 
of their respective sites or regions and research teams. Four general themes are 
important in this context (Haberl et al.  2006  ) : (1) socio-ecological metabolism, (2) 
land use and landscapes, (3) governance and (4) communication. All four issues 
require interdisciplinary approaches, as they are crosscutting aspects of the interac-
tions between social and natural systems. These themes should guide the develop-
ment of models while also recognising the widely different objectives and history of 
LTSER platforms around the world, thereby providing  fl exibility to researchers. 
Developing and applying integrated socio-ecological models can help to combine 
the expertise of scientists from various disciplines with needs and insights of local 
stakeholders in tackling these questions and should thus be a priority of LTSER. 

 Existing models, even those applied to address environmental or sustainability 
issues, are often based on theories and concepts drawn from only one scienti fi c 
discipline. Many models focus either on biophysical (e.g. ecological or climatic) or 
on economic aspects. Even models addressing broader questions often have at 
their core either an ecological or an economic model, perhaps extended by modules 
capable of establishing relations to other aspects of socio-ecological systems (Parker 
et al.  2002 ; Milne et al.  2009  ) . Another approach is based on the coupling of existing 
models from various disciplines in order to be able to consider social, economic and 
ecological factors in land systems (Rounsevell et al.  2006 ; Schaldach and Priess 
 2008 ; Verburg et al.  2008  ) . However, a shortcoming of such a model-coupling 
approach is that these models were often developed for different purposes and have 
different levels of complexity and basic procedures (Milne et al.  2009  ) . 

 We here focus on a different approach, namely the construction of new, integrated 
socio-ecological models more or less from scratch that comprise social, economic 
and ecological factors in their basic design. In such models, socioeconomic and 
ecological components have a similar level of complexity, following the premise 
that these models should focus on society-nature interaction processes (Gaube et al. 
 2009a ; Haberl et al.  2009  ) . In order to allow for a model with the capability to integrate 
socioeconomic as well as ecological processes we developed a model that is based 
on a combination of agent-based modelling (ABM) approaches with system-dynamic 
(stock- fl ow) modelling approaches and spatial information.  

    3.2.2   Agent-Based Models in LTSER 

 Agent-based models are based on a formalised representation of social systems 
consisting of virtual agents and their environment (Epstein and Axtell  1996 ; Kohler 
and Gumerman  2000 ; Parker et al.  2003  ) . Agents interact with other agents and with 
their environment. The term ‘environment’ in this case is not limited to the natural 
environment, but includes the socioeconomic situation of the region as well. Agents 
possess knowledge of the system they belong to and are able to incorporate information 
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about system states and actions of other agents (Ferber  1999  ) . ABMs can be used to 
analyse many issues, such as for example predator-prey relationships, supply-
chain optimisation, and consumer behaviour or traf fi c congestion. Among these and 
many more issues ABMs also have a long tradition of being used for land-use stud-
ies. In the context of being used for land-use issues, ABMs can be described as 
land-user models rather than land-use models, as this approach is focused on model-
ling decisions of land users, for example farmers. Decisions of individuals or groups 
are evaluated in terms of their implications for land-use change (Koomen et al. 
 2007  ) . Decision-making and interaction between agents and their environment con-
stitute the central elements of ABMs. Agents may be individuals (e.g., household-
ers, farmers, developers) or organisations (e.g., NGOs,  fi rms), and an ABM can 
comprise one or several types of agents. Specifying agents requires de fi ning their 
state (e.g., preferences) and the rules on which their decision-making is based. 
Environmental change may follow its own dynamics – often simulated with other 
modelling approaches such as stock- fl ow models – but is in turn also in fl uenced by 
the aggregated agents’ behaviour. 

 Agent-based models (ABM) represent a distinct, new modelling approach that 
is qualitatively different from other mathematical and statistical approaches (e.g. 
using differential equations or linear programming). The agents and their interac-
tions involved in those ABMs being used for land-use studies mainly constitute 
proximate causes of land-use change, such as availability of land and costs of land 
management (Geist and Lambin  2002  ) , although other causes may be analysed as 
well. Their main advantage is that ABMs facilitate the analysis and understanding 
of processes, in particular of decision-making and its effects on land use 
(DeAngelis and Gross  1992  ) . A lot of work has therefore been undertaken in 
recent years to develop such models in the context of land-change science (e.g. 
Berger  2004 ; Brown and Duh  2003 ; Parker et al.  2002 ; Rounsevell et al.  2006 ; 
Verburg et al.  2004  ) .   

    3.3   Modelling a Region – Empirical Experiences 
from Austrian LTSER 

 In this section we discuss the development of an integrated socio-ecological model 
in the Eisenwurzen LTSER platform in Austria (see Peterseil et al., Chap.   19     in this 
volume). The purpose of this study was to evaluate how social and political inter-
ventions affect land use as well as socioeconomic conditions in rural regions, and 
what their ecological implications in terms of land-use change and carbon and nitro-
gen stocks and  fl ows are (Gaube et al.  2009a  ) . Our aim was to develop the integrated 
model SERD (Simulation of Ecological Compatibility of Regional Development), 
intended to help local and regional actors in discussing possible strategies or measures 
to mitigate potentially adverse effects of such changes. We planned to achieve these 
targets by developing an agent-based model in combination with a stock- fl ow model 
embedded in a participatory project design. 

http://dx.doi.org/10.1007/978-94-007-1177-8_19
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 Based on results from previous projects in other regions in Austria (Gaube et al. 
 2009b ; Gaube and Haberl  2012 ; Newig et al.  2008a  ) , we assumed that participative 
model development should  fi t the research requirements of LTSER well by supporting 
transdisciplinary research right from the beginning. Consequently, we conducted a 
project located in Reichraming, a municipality situated in the midst of the LTSER 
platform Eisenwurzen (see Peterseil et al., Chap.   19     in this volume). Reichraming is 
a mountainous municipality with some higher peaks and  fl at areas and over 80% 
forest cover. Most of the forest is managed by Austria´s state-owned forest admin-
istration (ÖBf). Most of the 60 farms located in Reichraming raise cattle and produce 
milk. The ‘Kalkalpen’ national park (the name of which means ‘limestone alps’) 
covers about one-third of Reichraming´s area of approximately 100 km 2 . 

 The Eisenwurzen has a long history of metal mining and metallurgy that goes 
back over 800 years. In pre-industrial times there was a heavy draw on the region’s 
forests stemming from the need to supply fuel wood and to feed a large non-agricultural 
population of miners, workers in metallurgical facilities and forestry based on the 
region’s low-input/low-output agrarian land-use systems (Gingrich and Krausmann 
 2008  ) . With the broad use of fossil fuels, most mines were abandoned from the late 
1800s onwards and metal smelting is now located in industrial centres outside the 
region. Like most of the Eisenwurzen, Reichraming is of marginal agricultural 
productivity and forests are re-growing rapidly. Reichraming experiences problems 
typical for marginalised rural areas such as declining agriculture, lack of jobs, low 
incomes and creeping deterioration of infrastructure (Landeskulturdirektion 
Oberösterreich  1998  ) . One major question underlying the development of the model 
therefore was to analyse the decision-making process of farmers concerning agricul-
tural production (e.g. intensi fi cation vs. extensi fi cation, abandonment vs. extension, 
etc.). Such decisions have direct consequences for Reichraming’s land use, which 
then in turn in fl uences carbon and nitrogen stocks and  fl ows in the ecosystem as 
well as related GHG emissions. 

    3.3.1   The Model’s Conceptual Assumptions 

 SERD combines an agent-based module used to simulate decisions of farm house-
holds with a system-dynamic module that simulates changes in land use coupled 
with a model capable of simulating stocks and  fl ows of carbon and nitrogen. The 
model simulates not only socioeconomic  fl ows (e.g. related to fossil-fuel use or 
food supply), but also ecological  fl ows such as plant growth, carbon accumulation 
in the soil, etc. – in other words, it is based on a socio-ecological metabolism 
approach (see Haberl et al., Chap.   2     in this volume). The decisions of the agents are 
affected by the system in which they are embedded and by external changes fed into 
the model exogenously. Simultaneously, the dynamics of the whole system depend 
on the decisions of all agents. Interactions between the agents have direct impacts 
on the socioeconomic situation, on land use and socio-ecological material  fl ows. 

http://dx.doi.org/10.1007/978-94-007-1177-8_19
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 The dynamics of the model are driven by assumptions on external conditions in 
important factors, e.g. agricultural policies and subsidies or prices. Changes in subsidy 
payments and price relations have direct impacts on family farmsteads; accordingly, 
the model simulates decisions of farms – in this case, family farmsteads – that are 
implemented as agents in the model and can take different actions depending on 
their respective situation. According to the framework conditions at each point in 
time, each agent evaluates his situation and makes decisions on agricultural produc-
tion. These decisions in turn affect the socioeconomic situation of the farm and its 
ecological impact. Consequently, summarising all individual decisions of agents, 
the model as a whole simulates changes in socioeconomic structures, such as the 
income and workload of farmsteads, as well as changes in land use and substance 
 fl ows in the entire study region. 

 The  fi rst question was: How should agents be characterised in order to allow an 
analysis of socioeconomic actions and dynamics and their link to the biophysical 
environment? Referring to sustainability’s three main dimensions (Fischer-Kowalski 
 2002 ; Haberl et al.  2004  ) , we de fi ned each agent in terms of its social, economic and 
ecological dimensions. 

 At a local level, one major aspect of the  ecological dimension  is land use, not 
only because of the direct effects of land use on plant communities, soils, water 
 fl ows etc., but also because many socioeconomic material  fl ows such as fossil fuels, 
agricultural products, agrochemicals etc. depend on land-use patterns and intensity. 
Accordingly, we focused on decisions of farms with respect to land-use type (crop-
land, grassland and forestry), land-use intensity (conventional, organic, and intensive) 
and livestock rearing. The  social dimension  may be described as the form and quality 
of life of a speci fi c social unit in a speci fi c area. In the model this is re fl ected in 
various social indicators at the farmstead level, including its family structure and, 
above all, the use of family labour time required for production and reproduction, 
with a special focus on the division of labour between men and women. The  economic 
dimension  is connected with the monetary income of a particular social unit (house-
hold, person or community); in our case it was taken into account as the income of 
all family members living on the farm. The three dimensions are highly interdepen-
dent. Trade-offs between these three dimensions are the main criteria taken into 
account by an agent – that is, a farm – in making its decisions (Fig.  3.2    ).  

  Fig. 3.2    Sustainability triangle of farmsteads simulated by SERD       
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 According to farm demography – that is, number, age and gender of people living 
on a farm – only a certain amount of working hours are available and this in turn 
constrains the extent and intensity of land use. At the same time, as land use requires 
work, decisions in favour of a certain kind and intensity of land use constrain the 
time budget that can be used for other activities that are not related to agricultural 
production, such as working time on the labour market, leisure time or reproduction 
(e.g., personal care, child-rearing, household work, care for elderly people etc.). 

 The interdependency between land use and income is implemented in SERD as 
follows: each agricultural activity generates a certain amount of income, depending 
on the quality and quantity of the land available and on its respective use. The 
income, on the other hand, determines and constrains the way in which land can be 
used: If more income is required, more land can be used, if available, or the land can 
be used in a different way, e.g. more intensively. Conversely, a high income allows 
available agricultural land to be extended, for example by leasing additional land. 
Working time also in fl uences the income. On the one hand, working time constrains 
income because each activity is assumed to require a certain amount of working 
hours and the number of working hours that can be mobilised depending on a farm’s 
demography is limited. On the other hand, expectations on minimum income 
constrain leisure time by requiring more working hours. Every change in the way 
income is earned – for example, if more time is spent on jobs outside agriculture 
with a higher hourly income – in fl uences the farm’s economic situation. 

 With respect to all three dimensions, the agents in SERD have in-built dynamic 
features and are in fl uenced by their environment. For example, time use depends on 
demography (e.g. how many children and old people must be cared for). It further 
depends on the socio-cultural system to which a social unit belongs (e.g., social 
values, traditions and norms, or the infrastructure available). In practice, for example, 
it is primarily females’ working time that is freed up by the availability and usage of 
an adequate child care system. Income is strongly in fl uenced by the dynamics of 
economic factors such as markets, prices and subsidies. Finally, land use is constrained 
by the speci fi c features of the local ecosystem (e.g., rice does not grow in arid areas) 
as well as by global environmental dynamics such as climate change. 

 The analysis of decision-making processes within this triangle requires that each 
agent be de fi ned, including its internal structure in terms of demography, such as 
family members living on the farm, their gender, age and role on the farm (i.e., 
agricultural working time). Each farm classi fi ed within each respective production 
type is implemented as one agent. Each agent forms decisions based on its environ-
ment as well as on changes in its internal structures (e.g., birth, death, marriage). 
Farms change their production strategy in terms of intensi fi cation or farm size by 
interacting with their neighbours via a regional land rental market. Beside the 
extension or reduction of cultivated land area, further reactions are implemented in 
the model, including, for example, diversi fi cation of production, direct marketing of 
products, increase or decrease of non-agricultural labour time, abandonment of 
farming, switching to organic agriculture and many more. Decision trees such as 
those depicted in Fig.  3.3  are used in the model to decide under which conditions 
and at what time each agent (i.e. farm) decides to change its strategy.  
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 Whenever a farm household fails to reach a minimum of income or exceeds a 
maximum of working hours it seeks to change its situation by choosing an appropri-
ate reaction. Most of the options implemented in SERD are actions that every agent 
can take without any interactions with other agents in the model. However, since 
increasing or reducing cultivated land area may affect other agents, a rental market 
was implemented in the model. Every year, after evaluating its economic and social 
situation, each farm that wants to rent or lease land ‘leaves a message’ at the rental 
market. The model calculates demand and supply for land and allocates it to the 
single farms. Those farms with requests that cannot be met in a certain year can 
either take another action or remain passive for the year in question and react 
again the following year. From the point of modelling requirements, it would have 
been too complex to implement direct negotiations between the agents. Decision 
trees are used to determine what kinds of reactions with a speci fi c probability under 
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  Fig. 3.3    Decision tree for the ‘farm’ agent type.  Round light grey boxes : status of a farm calculated by 
an automatically induced yearly evaluation of the relation between income and workload. Depending 
on the status, each farm decides with certain probabilities to take one of the de fi ned actions or to stay 
passive (that is mostly the case).  Angled boxes : Options for decisions available in each state. A decision 
for one of the options changes income, work load, land use, substance  fl ows, etc       
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which circumstances are likely to be made. The design of the decision-making trees 
as well as all other components of the model has been developed together with local 
actors by means of a participatory process.  

    3.3.2   Modelling as a Participatory Process 

 To be able to take into account local actors’ requirements and thus derive results or 
insights that can be implemented in practical measures or policies, many sustainabil-
ity science approaches employ methods that allow actors to participate in the research, 
sometimes throughout the entire research process. This entails de fi ning a common 
research question in a collaborative process between researchers and stakeholder, 
thus helping to address relevant issues that need to be analysed in order to be able to 
plan or initiate interventions. Such an approach may enable social actors or social 
systems to learn throughout the research process. A transdisciplinary research design 
and a structured participation process are therefore key elements of many approaches 
in sustainability science (e.g., Jahn  2005 ; Brand  2000 ; Hare and Pahl-Wostl  2002 ; 
Hirsch Hadorn et al.  2008 ; Pahl-Wostl  2002a ; Rowe and Frewer  2005  ) . 

 In participatory research approaches, social goals and visions for the future are 
translated into scienti fi c categories and variables in order to become useful for the 
research process, that is, they are scienti fi cally operationalised and, in the case of this 
study, translated into a formalised modelling language. In our study, a considerable 
number of approximately 15 relevant regional actors were involved in the modelling 
process right from the beginning. Interviews, focus groups and workshops allowed for 
research questions, model assumptions and model design to be discussed (Table  3.1 ).  

 Throughout the research project, the participatory process contributed to and 
re fl ected on the information required for the design of the ABM (for details, see 
Gaube et al.  2008,   2009a  ) . The ABM was in turn applied as a guiding tool in the 
participatory process to help local actors re fl ect on the present and the future as well 
as in developing strategies and policy priorities. At the beginning of the process, 
guided interviews with various experts from the provincial government, representa-
tives of the municipality and representatives of the agency of agriculture, the 
Kalkalpen national park and the federal forestry agency as well as female and male 
farmers were conducted. 

 In addition, using a standardised questionnaire, quantitative information on the 
agricultural production system of each farm (i.e. amount of fodder, harvest and 
fertiliser) was collected from all 60 farmers in the municipality. Interviews were an 
effective instrument to establish contact with relevant actors, to gather local knowl-
edge concerning our research questions and to stimulate the interest of actors by 
making sure that the ongoing research was relevant to them and that they could play 
an essential role in the research outcome. Another element in the participatory 
process was a series of workshops and focus groups (Littig and Wallace  1997  )  with 
female farmers and representatives of the municipality, aimed at gaining insights 
into gender-related and land-use affecting issues of Reichraming. Twelve participants 
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in Reichraming came together to discuss issues and concerns about decision-making 
processes, time use and workloads in agricultural as well as other households. The 
intention of the meetings was to test pre-de fi ned hypotheses concerning the ratio 
between income and the working time of men and women as an in fl uencing factor 
in the decision-making processes of households. 

 Several methods for evaluating the agent-based model were applied. One was the 
discussion of the ABM’s preliminary outputs with actors, followed, if necessary, by a 
redesign and ‘re-formalisation’ of the model (Berger  2004  ) . Another task of the meet-
ings was to discuss the design of the model, where insights that had been generated so 
far were translated into formalised language and diagrams. Decisions on relevant model 
outputs (e.g., labour time per farm, cropland area per farm, etc.) and adjustable model 
parameters required were taken together with the stakeholders. Another important part 
of the process was the development of ‘storyline’ scenarios for the municipality 
(Table  3.2 ). Inspired by well-known international or even global scenarios (Millenium 
Ecosystem Assessment  2005a ; Nakicenovic and Swart  2000 ; UNEP  2002  ) , we used 
the model as a tool to simulate future scenarios depending on changes in (1) external 
framework conditions, (2) local and regional policies and (3) preferences of individual 
agents with respect to income and leisure time expectations, willingness to co-operate, 
etc. Assumptions on local and regional policies as well as on the preferences of local 
agents were developed in the participatory process described above.  

 Finally, the thoroughly designed model and the results of impacts of different 
actions under different framework conditions (scenarios) provided the basis for 
common discussions among researchers and stakeholders.  

   Table 3.2    Storylines of the three scenarios trend, globalisation and local policy described by the 
stakeholders and calculated by the integrated socio-ecological model   

 Trend Scenario  Globalisation Scenario  Local policy Scenario 

 Strong increase of agricultural 
prices as well as strongly 
improved conditions for 
the use and production of 
bio-energy will take place. 
National agricultural 
subsidies and EU 
subsidies remain stable. 
Also internal strategies of 
farmers and behaviour 
remain unchanged. 

 Prices for agricultural 
products drop substan-
tially. Additionally, 
agricultural subsidies 
(national and EU) are 
cancelled and global 
conditions for bio-energy 
becomes less favourable. 
The behaviour changes 
to a minimum willingness 
for cooperation and to a 
preference for shifting to 
alternative strategies in the 
agricultural sector such as 
direct marketing. 

 Agricultural subsidies as well as 
prices decrease (similar to 
the Globalisation Scenario), 
but local and regional 
stakeholders (municipal and 
provincial policy-makers) try 
to counteract these condi-
tions by implementing 
innovative strategies. 
Consequently, although 
income decreases, farms are 
motivated to cooperate and 
implement innovative 
strategies (such as organic 
faming, direct marketing). 
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    3.3.3   Discussion of Results 

 The main outcome of the project and the transdisciplinary process is a computer 
simulation model that provides the possibility of changing framework conditions as 
well as preferences and behaviour of different actors. The design of the interface in 
terms of parameters that can be changed during each model run and therefore 
implemented as sliders was an important outcome of the discussions with the 
stakeholders. Similarly, the decisions on which parameters should be visible as 
graphs that build up during a model run was discussed and decided together with the 
stakeholders (Fig.  3.4 ).  

 Results of the model runs for the three pre-de fi ned scenarios are summarised in 
Table  3.3 . Some similar changes can be identi fi ed in all three scenarios. Grassland 
areas decrease considerably, coupled with a strong reduction of the number of farms. 
The proportion of the remaining farms that change their production to an innovative 
farming type (e.g. rearing of sheep, horses and game animals) grows considerably. 
The average farm size falls from 40 ha per farm to around 20 ha per farm, including 
grassland and private forest area. Annual agricultural working time per farmer 

  Fig. 3.4    Interface of the Reichraming model simulating the development of different parameters 
(socioeconomic and ecological) under different framework conditions (changeable as sliders – 
 grey boxes  at the  bottom )       
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increases in all scenarios, but with variable extent, in line with an increasing annual 
income per farmer through agricultural labour.  

 The total number of farms at the end of the simulated period (20 years) is smallest 
in the globalisation scenario. Many of the remaining farms switch to extensive farming. 
The agricultural workload per farmer rises to the largest number of working hours 
of all scenarios, whereas farm incomes decrease. In terms of land use, grassland 
area is largest in the trend scenario and local policy scenario. In the trend scenario, 
grasslands are predominantly managed conventionally, however in the local and 
globalisation scenario, extensively used grasslands play an important role. In the 
local and trend scenario, farms adopt the most intensive managements styles. 

 Overall, the different scenarios affect C and N  fl ows in the respective model runs 
through change in land use and farming intensity. In all three scenarios, forested areas 
act as a net sink of CO 

2
  from the atmosphere. Greenhouse gas emissions of farms 

strongly depend on the number of farms and management intensities. For example, 
agricultural GHG emissions are reduced in the globalisation scenario due to the low 
number of surviving farms. In terms of nitrogen  fl ows, agriculture is thought to be the 
main emitter of NH 

3
  and N 

2
 O and is responsible for the biggest part of NH 

3
  leaching 

due to fertilisers, manure management and animal husbandry (Weiske et al.  2006  ) . 
The highest effect of the different scenarios on N losses stems from ammonia emis-
sions (NH 

3
 ), which are almost exclusively caused by agriculture (livestock farming). 

   Table 3.3    Results of the three scenarios in comparison with the initial value (all values are in total 
for the whole region)   

 Initial value  Trend scenario 
 Globalisation 
scenario 

 Local policy 
scenario 

 Number of farms  52  40  36  41 
 Grassland area [ha]  478  383  255  354 
 Percent of innovative 

farms 
 54%  75%  67%  68% 

 Average farm size [ha]  40  21  18  21 
 Intensive farming 

area [ha] 
 54  112  0  75 

 Conventional farming 
area [ha] 

 295  193  76  112 

 Extensive farming 
area [ha] 

 111  60  157  149 

 GHG emissions of farms 
[t CO 

2
 -eq./ha 

grassland/year] 

 5.19  4.97  4.05  4.90 

 N 
2
 O emissions of farms 
[kg N/ha/year] 

 2.21  2.46  1.92  2.23 

 N leaching of farms 
[kg N/ha/year] 

 0.66  0.59  0.63  0.62 

 NH 
3
  emissions of farms 

[kg N/ha/year] 
 41.49  45.69  36.51  42.29 
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Consequently, NH 
3
  emissions are highly dependent on the amount of farmed area and 

farming intensity and will therefore be lowest in the globalisation scenario. 
 To summarise, decisions made by farmers are strongly affected by changes in 

income in terms of subsidies and market prices. However, most of the decisions also 
depend on the time available for agricultural work and on the preferences of the younger 
generation regarding how much time they are willing and able to invest in farming. 
This indicates that the social dimension has great importance for any decision taken on 
the farm. Constraints upon time availability restrict actions and decisions taken by the 
farm. Where only one generation is living on the farm, available working time is not 
suf fi cient to run the farm as a full-time operation. This is even less of an option where 
women are engaged in child care. The younger generation will not accept a life without 
leisure time and without the freedom to make decisions. Finally, infrastructure, such as 
the child-care system, care for the elderly or the availability of (part-time) jobs in the 
region, places constraints upon the decisions and actions of farmers. Nearly every 
action of farmers related to agricultural production either directly or indirectly impact 
ecological substance  fl ows such as carbon and nitrogen  fl ows.   

    3.4   Outlook and Conclusions 

 The experiences gathered in the above-discussed project underline that integrated 
socio-ecological models based on ABM and system-dynamic modelling approaches 
are a useful tool for integrating social and natural sciences and support sustainability 
science in many ways. However, integrated modelling also has limitations as a 
research method. First of all, the advantage of the model in terms of reducing com-
plexity is at the same time a disadvantage in terms of  fl exibility. Once the concept 
and framework of the model is decided the tool does not allow further aspects that 
turn out to be relevant during the research process to be easily integrated. Additionally, 
developing and programming a simulation model is time and resource consuming. 
Very speci fi c quali fi cations are needed to programme the model which can hardly 
be used by researchers from non-technical disciplines such as social scientists or 
ecologists. Finally, a limitation of agent-based models is that they are very much 
site speci fi c. Developing an agent-based model for one LTSER region helps the 
dynamics in this speci fi c region to be understood. This does not mean that the same 
model is applicable to many other LTSER regions, especially when their socioeco-
nomic and ecological situation differs clearly. Nevertheless, they are a highly useful 
tool in LTSER (Haberl et al.  2006  )  and can of course also be applied in Ecological 
Economics, Social Ecology, Industrial Ecology (Ayres and Simonis  1994 ; Fischer-
Kowalski  1997  ) , integrated land-change science (GLP  2005 ; Turner et al.  2007  )  and 
integrated sustainability assessment (Pahl-Wostl  2002b  ) . 

 There are several ways in which integrated socio-ecological models can be used 
in these contexts. First, in particular in complex systems that are dif fi cult to concep-
tualise (Young et al.  2006b  ) , the very process of constructing an integrated model is 
of great help in fostering interdisciplinary integration and mutual learning in inter-
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disciplinary teams (van der Leeuw  2004  ) . The application of the sustainability triangle 
at the level of individual agents requires that at least three scienti fi c disciplines, in 
this case ecology, sociology and economics, have to be represented on an equal 
footing in the model construction process. To de fi ne the interdependencies between 
the three dimensions required extensive discussion between researchers of these 
disciplines. The need to formalise interrelations through mathematical formulae or 
decision trees forced researchers to be explicit in formulating assumptions and 
hypothesised strengths or pathways of interaction between different factors or actors. 
The functioning of the computer model (or malfunctioning of its earlier versions) built 
by synthesising the knowledge and data gathered from the different sources provided 
ample rationale for rejection of failed hypotheses and thus fostered learning and 
interdisciplinary communication. 

 Second, modelling provides an opportunity to integrate aspects that are important 
but often neglected within sustainability research, such as the gender perspective. 
The fact that we had to de fi ne each agent (e.g. farmstead) in terms of its internal 
structure as represented by family members and their income and time resources 
facilitated the integration in the model of differences between men and women and 
their role at the farm. Gender differences were highly important in de fi ning key 
aspects of agents such as time availability, demography, preferences and many more 
and their signi fi cance is thus naturally re fl ected in the model structure and model-
ling outcomes. 

 Finally, agent-based modelling encourages transdisciplinary research design and 
helps to structure participative processes, since it requires active and continuous 
cooperation between researchers and actors over a long period of time. A transdis-
ciplinary research design differs from classical research approaches because it has 
to be more  fl exible in various respects (e.g., de fi nition of research goals, selection of 
actors involved, milestones planned and methods applied). Modelling in coopera-
tion with the actors helps to achieve both structure and  fl exibility, allowing for regu-
larly re fl ection upon the research design and outcomes. Furthermore, the active and 
continuous cooperation over a certain period of time required by the modelling 
process gives actors the chance to observe and actively shape scienti fi c research, 
making it more problem-oriented and of greater relevance to ‘real life’. The regular-
ity of meetings and the shared goal, that is, building a model that is close to the 
actors’ reality, helps actors to identify with the ongoing research, to understand their 
own and others’ everyday life experience and to formulate possible problem-solving 
strategies relevant to their own situation. All these aspects together make integrated 
socio-ecological modelling based on ABM and system-dynamic approaches an 
instrument able to contribute to local sustainability studies of greater scienti fi c and 
practical use, and therefore an attractive approach for long-term socio-ecological 
research.      
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  Abstract   This chapter investigates the constraints for urban growth in pre-industrial 
societies and focuses on transport as an important component in the functioning of 
socio-ecological systems. It presents a simple formal model based on sociometabolic 
relations to investigate the relation between the size of an urban centre, its resource 
needs and the resulting transport requirements. This model allows, in a very stylised 
way, light to be shed on some of the physical constraints for urban growth in agrarian 
societies and a better understanding of how transport shapes the relation between 
cities and their resource-providing hinterland. The model demonstrates that the 
growth of urban centres depends upon an extension of the territory and rural population 
to work the land and generate the supplies cities require. The labour force engaged 
in urban rural transport rises with the size of urban centre and corresponds to 8–15% 
of the urban labour force. We  fi nd clear indications for a scale limit to agrarian 
empires, and agrarian centres, due to factors associated with the cost of transport 
(in terms of human labour time and land). Where this scale limit occurs strongly 
depends upon agricultural productivity.  
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    4.1   Introduction 1  

 Urbanisation and spatial concentration are not only key characteristics of industri-
alisation and industrial societies, but they are also important features of develop-
ment in pre-industrial times. Urban growth in agrarian societies, however, faced 
speci fi c biophysical constraints, in particular from low surplus rates in agricultural 
production systems in the hinterland and from high energy costs of transporting 
bulk resources like food, feed and fuelwood into the city (Sieferle  2001 ; Krausmann 
et al.  2008a  ) . This paper focuses on the role of transport in the functioning and 
development of pre-industrial socio-ecological systems. We use a simple formal 
model to investigate the relation between the size of an urban centre, its resource 
needs and the resulting transport requirements. This model allows us, in a very stylised 
way, to highlight some of the physical constraints for urban growth in agrarian soci-
eties and to better understand how transport shapes the relation between cities and 
their resource providing hinterland (cf. Gingrich et al.  2012  ) . The paper not only 
touches important issues of long-term socio-ecological research (Haberl et al.  2006  ) , 
it also demonstrates how modelling approaches using empirical  fi ndings from socio-
ecological case studies can be applied in LTSER to investigate the dynamics of 
socio-ecological systems. 

 Transportation means moving materials or people across space. Looked at from 
a technical angle, it deals with physical variables: amounts of matter and people and 
their location in space, distances to be overcome, technologies to be used, and trans-
portation cost in terms of time and energy. Looked at from a socio-economic angle, 
it deals with social organisation: populations, territories, urbanisation, food require-
ments, property, base resources and preciosities; barter and trade, robbery, tribute 
and taxation; nomadism, migration,  fl ight, expulsion or starvation. Transportation is 
the decisive link between resources (distributed across the natural environment) and 
human production and consumption. Using this decisive link, we built a generic 
formal model building upon the sociometabolic approach (Fischer-Kowalski and 
Haberl  1993  )  that allows the reconstruction of social systems of the past and the 
creation of plausible answers to questions like: How large may an urban centre have 
been? How many peasants were required to secure its supplies? Which yields per 
area must be assumed for the urban centre to have a certain number of inhabitants? 
Could this urban centre subsist on its hinterland, or did it need some additional 
territory to secure its supplies? In particular, this model allows us to judge whether 
different data found in historical sources  fi t together plausibly, or whether one has 
to introduce additional assumptions (whether plausible or otherwise) to ensure 
consistency. 

 In this chapter, we deal  fi rst with transport from a technical angle; thereafter, we 
attempt to demonstrate the close interdependency between technical and social 
aspects, with a special focus on how the technicalities of transport generate boundary 

   1   This chapter builds on a previous publication (see Fischer-Kowalski et al.  2004  )  but uses an 
improved version of the model together with an extended analysis of scenario results.  
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conditions for social organisation, and for society-environment relations. However, 
in contrast to much of the literature on transportation, 2  we shall not concentrate on 
the  how  of transport, on technologies and infrastructures, but rather on  how much , 
and on  what  is to be transported. It is here that a sociometabolic perspective can 
contribute most. 

 We use the indicators for the scale and volume of freight transport most common 
in contemporary transport statistics: “Mass Lifted” (ML in tons) and “Mass Moved” 
(MM in ton kilometres). Mass Lifted expresses the volume of freight loaded on 
transport vehicles for a haul, in tons per year. Each time goods are loaded for trans-
portation (irrespective of the distance they are being transported), their weight is 
counted. The second indicator, Mass Moved, takes distances into account: Mass 
Moved is equal to Mass Lifted times length of haul, and is given in ton kilometres 
per year. We deal only with the transportation of persons insofar as this may be a 
functional alternative to freight transport (e.g. moving people to resources, instead 
of resources to people). 

 The systemic relationships generating the necessary background data for the 
model are based upon the sociometabolic approach as originally developed to 
describe the social metabolism of contemporary national economies (e.g., Weisz 
et al.  2006 ; Fischer-Kowalski et al.  2011  )  and extended to study historical cases on 
various spatial scales (Cusso et al.  2006 ; Barles  2009 ; Krausmann et al.  2008a,   b ; 
Gingrich et al.  2012  ) . This approach regards society as a social system functioning 
to reproduce a human population within a territory, guided by a speci fi c culture. 
This de fi nition is suf fi ciently abstract to be applied to very different historical circum-
stances and at different scales. The more complex a society becomes, the more it 
needs to organise energetic and material  fl ows not only to sustain its population 
biologically, but to maintain a number of intermediate biophysical structures that 
have a role in social reproduction: animal livestock, built infrastructure, and con-
sumer durables. The  fl ow of material and energy resources required must either be 
secured from the system’s own territory or be imported from other social systems. 
The composition of these annual  fl ows is commonly termed “metabolic pro fi le” 
(Fischer-Kowalski and Haberl  2007  ) , and the total materials divided by the number 
of people in the system is termed “metabolic level”. This metabolic level depends 
on the mode of subsistence and the prosperity of the social system and may vary 
widely (Weisz et al.  2001 ; Krausmann et al.  2008a  ) . 

 Once we know about or can assume a certain metabolic level and certain per 
capita material quantities, we need to link the respective components by transportation. 
The  fi rst consideration concerns the relation between metabolic input and territory. 
For the sake of simpli fi cation, we assume a human community or society in isolation 
(that is, a community that sustains itself on its territory, entertaining little or no 
exchange with other societies). Following this, we need to make some assumptions 
about the density of critical resources on this territory related to a given technology 
(such as food for humans); this allows the size of the territory a population must be 

   2   For a work that is classic in more than a technical sense, see (Ciccantell and Bunker  1998  ) .  
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able to utilise to be estimated. Or, by the same token, we may know the size of a 
territory and be able to estimate the size of the population. Finally, population 
density may be given for a certain area – in which case we could use our toolbox of 
metabolic pro fi les to estimate the resource density this implies. Which ever way we 
turn it, we can learn something about spatial relations and the distances that need to 
be covered in order to link resources and people. 

 This rests upon the obvious assumption that material quantities must by some 
means get from their original location in nature to the human settlements where they 
are further processed and consumed. So from the information contained in the meta-
bolic pro fi les, we know the amount and composition of materials to be mobilised 
from the environment and transported to human settlements, and we have some 
clues as to the distances that have to be covered. This takes us several steps towards 
being able to estimate the transport indicators Mass Lifted (ML) and Mass Moved 
(MM). We further make assumptions about the transport requirements of speci fi c 
material  fl ows. Thus corn has to be brought to a mill, and from the mill to the house-
hold; grass is eaten by the cow on the pasture, and the cow exhales most of the 
carbon consumed while it walks the milk back home, etc. And  fi nally, we need to 
make assumptions about transport technology in order to know how much can be 
transported at a time, over what distance, at what speed and at which energetic and 
labour time cost. 

 These considerations are the starting point for our modelling exercises described 
in more detail below.  

    4.2   Transport in Hunting and Gathering Societies 

 Even for the most modest metabolic demands, barely extending beyond endosomatic 
needs, human societies will need a certain amount of transport: natural environments 
hardly ever continuously offer the amount of resource density continuously that 
allows for a larger group of humans simply to move themselves around,  fi nd appro-
priate food and eat it on the spot. 3  Deer will have to be hunted at larger distances 
and will have to be carried home for the rest of the group, and equally nuts, fruits 
and roots will have to be gathered, put into containers and be transported home, as 
well as  fi rewood. This need and mode of transportation does not distinguish human 
hunters and gatherers much from many animals that have to carry food to their 
young; technologically, the only distinction pertaining to humans may be the use of 
containers and binding materials. There is a clear ecological/economic limit to such 
transport: If humans need the same or a higher amount of food for the time period 
and the effort they invest as they are able to  fi nd on their hunting and gathering 
excursion, or, in other words, if the energetic return upon investment tends towards 

   3   For human societies, the preparation (cooking) and sharing of food at a common  fi replace is a 
constitutive feature (see Wrangham  2009  ) .  
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zero (Krebs and Davies  1984 ; Hawkes et al.  1982 ; Goudsblom  1992 ; Layton et al. 
 1991  ) , then the whole group has to move to another environment with a higher 
resource density (see Fig.  4.1 ). 4  So one may, in the terminology of modern transpor-
tation, consider hunting and gathering societies to be sustaining themselves through 
a sophisticated logistics of freight and person transport (nomadism); the limiting 
factor being mainly resource density in space at a given time. Since the natural 
resource density is not intentionally modi fi ed through agriculture (or, more gener-
ally speaking   , through colonising interventions, see footnote 11), 5  and since there 
are hardly any technologies for storage, resource de fi ciencies must be balanced by 
movement in space, both of persons and of resources.  

 Let us now perform an intellectual experiment and put these general consider-
ations into numbers, using parameters known from socio-metabolic research. If we 
presuppose a population density of 0.1 person/km 2 , a clan of 50 hunters and gatherers 
would exploit a territory of 500 km 2 , which, if it were circular, would have a radius 
of 12.6 km. For each member’s nutrition, they would need about 0.5 ton of biomass 
(3.5 GJ) per year, plus, say, 1 ton of  fi rewood (Krausmann  2011a  ) . The direct mate-
rial input for this clan (“society”) would amount to 75 ton per year (1.5 ton/
capita/year). How much transport would this involve? Let us  fi rst consider food: the 
25 ton/year required for the clan would be, so we assume, randomly distributed 

   4   Such considerations are captured by “optimal foraging theories” (Harris  1987  ) ; usually, the 
element of transportation is not elaborated explicitly in these theories.  
   5   One frequently cited exception from this rule is the controlled use of  fi re to remove shrubs and 
trees, thereby increasing the extension of grasslands and the number of herbivores, as well as 
facilitating the movement of hunters (Lewis  1982  ) .  

  Fig. 4.1    Territory and transport in hunting and gathering societies       
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throughout the territory; part of the food would be eaten where found, and part of it 
would be carried back home, over an average distance of roughly 2/3 of the radius 
of the territory, that is in the case of our model 8.2 km. Let us further assume that a 
person carries 9 kg over this distance, and eats 1 kg on the spot. Accordingly 90% 
of the food required for the clan has to be transported over an average distance of 
8.2 km. Let us now consider  fi rewood: suppose it to be abundant (to be found in 
an average distance of 0.2 km from home), and all of it, that is 50 ton for the whole 
clan per year, is to be transported over this short distance, again 9 kg per haul. 6  Put 
in modern transport statistical indicators, everything taken together would imply a 
Mass Lifted of 72.5 ton per year (22.5 ton food and 50 ton  fi rewood) and a transpor-
tation volume (Mass Moved) of 194.5 tkm, or 3.9 tkm per person. If we now wish 
to understand what effort this requires, we can translate it into working hours. Again 
we need a few assumptions: walking speed 4 km/h; each distance has to be covered 
twice (once without and once with freight); so for each transport of 9 kg of biomass 
a distance of 5.36 km has to be covered, and this has to happen 8,056 times a year. 
In total this amounts to a walking distance of 43,178 km a year, or 863 km per per-
son and year. Expressed in time, this is 10,795 h for the whole clan, or 215 h per 
person, or a little more than half an hour (36 min) per person and day. Even if we 
assume that only half the population of our clan engages in food collection, we  fi nd 
transportation to consume only a small amount of available working time (approxi-
mately 1 h a day), even if such large distances have to be covered. 7  

 Thus our model closely reproduces the  fi ndings from cultural anthropology that 
attribute to hunters and gatherers extremely low working hours (Sahlins  1972  ) . Let 
us now see what happens if we reduce the assumed resource density by a factor of 
10, which would allow only a much lower population density (e.g. 0.01 person/km 2 ), 
not uncommon for hunters and gatherers (Cohen  1977  ) . We would have to assume 
a tenfold increase of utilised territory for the same group of people: this would 
imply a more than threefold 8  increase in walking distances for the same amount of 
resources, and therefore a more than threefold increase in walking time. The resulting 
average of almost 4 h walking per day and adult person is probably not feasible. 9  
At this point, we arrive at the hunters and gatherers complex logistics of person and 
freight transport: Quite obviously, if resource density is low, the whole clan must 
periodically move to another (part of the) territory. Thus, within the framework of 
parameters employed, we would predict hunters and gatherers to be sedentary if the 

   6   Anyone considering a 9 kg load as small should take into account that female adults usually also 
carry children, in addition to this load.  
   7   Beyond the actual movement in space, no further investment is required: no construction of roads, 
bridges or carriages, and no breeding and feeding of animals.  
   8   If the size of the new territory is ten times as large as the former (R 2   p  = 10r 2   p ), then the new 
radius is 3.16 times larger (R = r √10).  
   9   Lee found !Kung women to walk about 2,400 km a year, which by the above calculation standards 
would correspond to one and a half hours walking per day (Lee  1980  ) .  
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resource density of their territory is such as to permanently sustain 50 people within, 
say, 1,000 km 2  (which means 2 h walking per adult per day), but to become increas-
ingly nomadic where resource density is lower than that. 10   

    4.3   Modelling Transport for Agrarian Societies 

 The core feature of agriculture consists in colonising terrestrial ecosystems 11  so that 
their resource density for human purposes would be high enough to allow for a 
larger human population. This, in principle, should provide relief in terms of trans-
port, as the distances to be overcome to provide food for a given population decrease. 
On the other hand, new needs and opportunities created by the agrarian regime, such 
as (seasonal) storage of food,  fi xed built infrastructure to contain and protect the 
stored goods and livestock (as food-reserve and working power) generate an overall 
increase in metabolic level, and thus an increase in the amounts of goods to be trans-
ported. At the same time, the territory needs to be restructured: at a close distance 
to human settlements, resource density is increased (by deforestation, modifying 
soil structure through ploughing, planting monocultures of highly productive crops 
and protecting them from competition by weeding and fencing, fertilisation, irriga-
tion, etc.), yet at further distances the land is used more extensively (forests for 
 fi rewood, grasslands for pasture) and may even be gradually deprived of nutrients in 
favour of the intensively used core area. 12  This restructuring of territory again tends 
to reduce transportation needs: the largest amounts are harvested in closer vicinity 
to the settlement where they are stored 13  and consumed, while the further periphery 
is in part utilised by livestock who feed by themselves and move around on their 
own, while only concentrated  fi nal products (such as cheese or meat) need to be 
transported (McNetting  1993 ; von Thünen  1826 ; Arnold  1997  ) . The collection of 
fuelwood, however, may remain an even increasing transportation task as forests 
become further removed to the periphery. 14  Beyond optimising the use of space, 

   10   Assuming an average annual food demand of 500 kg per year, this population density can be 
sustained with an average food yield of 25 kg/km 2  (in case of low seasonal variation).  
   11    Colonisation of natural systems  is a concept used in social ecology that refers to society’s delib-
erate interventions into natural systems in order to create or maintain a state of the natural system 
that renders it more useful for society. Colonisation mainly refers to human labour and the infor-
mation, technologies and skills involved that make labour effective (Fischer-Kowalski and Haberl 
 2007 ; Singh et al.  2010  ) .  
   12   How exactly this is done, is of course subject to large geographical and cultural variation; but the 
principle holds true both for rain-fed and irrigation agriculture (see, for example, Arnold  1997 ; 
McNetting  1993  ) .  
   13   And in part also have to be transported in the other direction, as seed and dung.  
   14   In arid regions, water may also constitute an important transportation issue. In our present 
approach, we have implicitly assumed water to be ubiquitously available at any time.  
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chances to rationalise land-based transport are weak: loads are either frequent or 
small (vegetables, dung), or larger and seasonal (crop harvest, hay harvest,  fi rewood), 
and all transports are fairly short distance. It is not economical to provide for elabo-
rate transport infrastructure, either in terms of roads or in terms of vehicles. 

 On the basis of this rural matrix of human settlements that sustain themselves on a 
territory they colonise (spatial scale 1), agrarian societies may develop urban centres 
that accommodate a certain number of people that do not work the land, and that have 
to be sustained using the surplus production from the rural settlements. This presents 
the next transportation challenge: to build a centre-periphery network of transport 
infrastructure and to cover larger distances (with a possibly higher load). Materials for 
this additional infrastructure, and for the speci fi c infrastructure of urban centres (such 
as forti fi cations and public buildings), again raise the overall metabolic level. 

 Several spatial scales may now be distinguished: scale 1, as we have seen before, 
consisting of a rural settlement and the territory from which it draws its resources 
(typically in a seasonal variation, as outlined in Fig.  4.2 ); scale 2 that consists of an 
urban centre and the “hinterland” of rural settlements and territories it requires for 
its sustenance; and scale 3 that may consist of several urban settlements that 
exchange certain commodities via trade. 15  Each scale builds upon the other and 

   15   Although very plausible in practical terms, we have not considered the case of a multistage 
hierarchy of urban centres. Such a case, in principle, does not pose any new challenges to our 
model: transport loads and distances remain the same whether we deal with one large centre or 
with a hierarchy of intermediate centres. What matters on this level of abstraction is only the 
number of people (outside agriculture) to be sustained – the size of the required hinterland results 
from this (see below for more detail).  

  Fig. 4.2    Territory and transport in agrarian societies, village level       
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implies the full functioning of all transportation processes at the scale below. It was 
a major achievement of Ester Boserup  (  1981  )  to create awareness of the apparently 
trivial fact that it is not only fertile territory that is required to sustain an urban 
centre, but that it is a territory suf fi ciently populated by a rural population that would 
deliver the necessary labour power to work on it.  

 According to our knowledge of agrarian systems (McNetting  1981  ) , we felt it 
was safe to assume that transportation between the rural settlements and the urban 
centres is largely a one-way process (see Fig.  4.3 ). Even if produce from the villages 
is not delivered as income for the (urban) proprietor of the land, tithes or taxes, but 
to urban markets, the commodities bought in exchange for those (bulk) commodities 
have a much higher value density (such as metal tools, garments or salt). In terms of 
weight, they play a negligible role in rural metabolism, and they are merely “carried 
along” on the way back from the urban centres without posing any transportation 
problems in themselves. 16   

  Fig. 4.3    Territory and transport in agrarian civilisations, by spatial scale       

   16   This asymmetric exchange, of course, in the medium term leads to soil depletion in the hinter-
land: soil nutrients, contained in food and feed, travel to the urban centres, and are there ultimately 
washed into rivers and the sea, where they may cause pollution through over-fertilisation. This is 
what – in response to Liebig’s (Liebig  1964 ; Boyden  1987  )  insights – (Marx  1976  )  called “meta-
bolic rift” (see also Foster  1999  ) . For some very large centres of agrarian civilizations (such as, for 
example, Edo in Japan), this problem was managed by the systematic collection of human (and 
animal) faeces in cities, transporting them back into rural areas to be used as manure (Takashi 
 1998  ) . See Billen et al.  (  2009  )  on nutrient returns from Paris to its rural hinterland and Krausmann 
 (  2013  )  in this volume on similar considerations for the city of Vienna.  
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 Such complex relations require a formal model that allows a whole range of 
variables to be explicitly considered simultaneously, and supports testing the varia-
tions in outcome due to different assumptions. Its structure is described in Fig.  4.4 . 
The core of this model consists in two mutually exclusive subsystems: a rural sub-
system, comprising the population with a certain metabolic level working in agri-
culture and reproducing its own subsistence, and eventually a certain food surplus; 
and an urban subsystem (that can be empty for some model variants), comprising a 
population not working in agriculture but having a certain level of food demand that 
has to be satis fi ed by the surplus from the rural subsystem. In terms of food 
consumption, we assumed the same metabolic level for urban as for rural people. 
While for the rural system, we assume all resource requirements for its socioeco-
nomic metabolism (that is food, feed, timber and mineral materials for construction) 
to be satis fi ed within the individual village’s territory, we add specialised forest and 
mining compartments to the urban system. This pays tribute to the consideration 
that the fairly high amounts of timber/ fi rewood required would have to be drawn 
from special regions that are perhaps remote but offer privileged transport conditions 
(such as rivers for rafting); the forest system, for simpli fi cation, does not comprise 
people, but only a territory of a size to be calculated by the model. The mining 
system comprises neither people nor territory, but serves as a source of materials 
(again calculated by the model according to urban demand) that have to be transported 
to the urban centres, possibly by special technologies.  

 There are four blocks of interdependent output variables generated by the model 
as soon as an urban centre with a certain population size is assumed. From the size 
of the city follows the size of the rural hinterland in terms of people and territory, 
the size of the overall material input per year, and transport in terms of Mass Lifted 

  Fig. 4.4    The overall structure of the model       
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(ML, in tons), and as transport volumes, Mass Moved (MM, in tkm). This “translation” 
of population size into territory, material  fl ows and transport is mediated by  fi ve 
“calculators”, basically technology switches, into which all detailed model assump-
tions are packed, model assumptions that can be varied according to whatever more 
speci fi c system features one has in mind. 

 The calibration of the parameters we use has mainly been informed by in-depth 
historical studies carried out in local communities in Austria (Krausmann  2004 , 
 2008 ;    Krausmann et al.  2013 ). 

    4.3.1   Human Food Calculator 

 The human food calculator translates a certain number of people into a certain net 
and gross demand for food biomass, in tons/year. Net demand derives from human 
metabolic need (in joules and in kilos respectively, as a mix of vegetable and animal 
components), and a certain fraction of losses and unused waste is assumed to arrive 
at gross demand numbers (see Table  4.1 ). We assumed food demand to be the same 
for rural and urban people.   

    4.3.2   Biomass Production Calculator 

 This calculator relates population and territory (or, in other words, population 
density) to food output through a “black box” of the agricultural production system. 
In this “black box” there is a certain distribution between land use categories, their 
speci fi c yields, and a certain number of livestock per unit area (that produces a 
certain amount of manure). All this is related to domestic extraction of biomass (DE 
in tons), out of which a certain fraction amounts to food for humans. 17  From empirical 

   17   The systemic relations in this “black box” are derived from our research on central European 
rain-fed agriculture (see Table  4.2 ). They will be quite unlike, say, South East Asian paddy  fi eld 
agriculture. Such relations result from a long-term learning and optimisation process (for ancient 
Roman agriculture, see for example Carlsen et al.  1994  ) , and we have not yet managed to formalise 
them on a general level. So we use the parameters from empirical case studies. These parameters 
would, of course, be different in an agricultural system that does not use animal traction (such as 
in China or Japan).  

   Table 4.1    Basic model assumptions of the human food calculator   

 Net food requirement  [GJ 
NV

 /cap/year]  3.5 

 Adjustment factor for losses and preparation wastes  1.3 
 Average nutritive value of food  [MJ 

NV
 /kg]  7.0 

 Average gross food demand  [kg/cap/year]  650 

  Based on data given in (Sandgruber  1982 ; Teuteberg  1986  ) ; Krausmann  (  2004,   2008  )   



88 M. Fischer-Kowalski et al.

data on local Central European agricultural production systems of the early nineteenth 
century, we derive the parameters  rural population density ,  food output per total 
area  and  total material  fl ows per unit of food output  (see Table  4.2 ). These exogenic 
parameters allow us to translate a certain food demand into territory and population 
as well as into structure and size of material  fl ows (with different transport pro fi les) 
(Table  4.3    ).    

    4.3.3   Rural Transport Calculator 

 The rural transport calculator translates the manure output and the various types of 
domestically extracted biomass (that both come out of the biomass production 
calculator) into Mass Lifted (ML in tons) and transport volumes, Mass Moved (MM 
in tkm). It works by fractions of materials that have different transportation features: 
straw, litter and wood are brought from the territory directly to the farmstead; grain 

   Table 4.2    Basic model assumptions and characteristic parameters of the biomass production 
calculator (standard and low productivity scenario), compared with empirical data on nineteenth 
century Austrian land use systems (three case studies)   

 Empirical data  Standard 
 Low 
productivity 

 Food output/rural area  [GJ 
NV

 /km²/year] a   175–280  200  120 
 Food output/rural 

population 
 [GJ 

NV
 /cap/year] a   5.3–6.2  5.7  4.8 

 Potential food surplus  [% of total output]  14–27 %  20 %  5 % 
 Exploitation rate  [% of surplus]  n.d.  66 %  66 % 
 Rural population density  [cap/km²]  30–45  35  25 
 Village population  [cap]  102–129  100  100 
 Village territory  [km²]  2.3–4.2  2.9  4.0 

  Source: Empirical data based on Krausmann  (  2004,   2008  )  
  a  GJ 

NV
  refers to 10 9  J (nutritive value)  

   Table 4.3    Basic model assumptions on the relation of food production and agricultural biomass 
 fl ows (biomass  fl ows per unit of food output) and assumptions on transport stages of different 
biomass categories   

 Biomass  fl ows per GJ food output  Transport stages 

 [kg 
FW

 /GJ 
NV

 ]  a   [#] 
 DE of primary crops  171  2 
 DE of straw, litter, hay  577  1 
 DE by grazing  161  0 
 DE rural wood  190  1 
 Manure output  234  1 

  Source: Empirical data based on Krausmann  (  2004,   2008  )  
  a  kg 

FW
  refers to kg fresh weight (i.e. weight at transport time), GJ 

NV
  refers to 10 9  J (nutritive value)  
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is  fi rst brought to the local mill, and then to the farmstead; grazed biomass is not 
transported at all; manure and seed are taken back to the  fi elds. For all these trans-
ports, a certain distance, a certain number of transport stages, a certain loading 
weight, a certain number of draft animals, a certain speed and a certain amount of 
human labour time for loading and accompanying are estimated. 18  

 With the help of these calculators, we can characterise the details of the function-
ing of the rural subsystem (Fig.  4.5 ). With either a certain number of population or 
a certain size of rural territory given (these two are interdependent, as speci fi ed in 
the “biomass production calculator”), we can now calculate the amount of transpor-
tation required within the rural system (rural transportation) (as tons ML and tkm 
MM) and we can calculate the amount of food/feed overhead produced that could 
be delivered to urban centres as income for urban proprietors, taxes/tithes or to 
markets. There is still one more important intervening variable: We have denoted 
it  “rate of exploitation” , that is the proportion of the surplus over local demand 
that is actually given or taken away. In the nineteenth century Austrian villages we 

   18   We had so far no opportunity to calibrate our assumptions empirically. In a discussion with trans-
port technology historians in Dietramszell, Bavaria (organised by the Breuninger Foundation in 
November 2003), our assumptions survived as plausible (see also Beck  1993 ; Hitschmann and 
Hitschmann  1891 ; Krausmann  2004 ; Möser  2003  ) .  

  Fig. 4.5    Detailed model structure of the rural subsystem       
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investigated, the calculated food surplus ranged between hardly anything and 
roughly one quarter, and from this a certain fraction was exported for purposes out-
side the village. So in the standard scenarios, the food surplus actually  fl owing into 
urban centres amounts to between 11 and 15% of the total food produced in the rural 
hinterland. 19  In a “low productivity” scenario, the exportable surplus rate of food is 
only 2%.   

    4.3.4   Wood Calculator 

 The wood calculator translates a certain urban population into a demand for  fi rewood 
and timber and then the wood requirement into a corresponding forest area, wood 
yields presupposed. We assumed an average urban wood demand of 2 t/cap and year 
and an average (sustainable) wood yield of 2.1 t/ha and year (i.e. 3 m 3 /ha/year or 
300 m 3 /km 2 /year). These “urban forests” are added to the rural hinterland, enlarging 
the overall territorial requirements. The calculation of wood demand for the rural 
households is included within the systemic mix of the biomass production calculator, 
following the assumption that part of the territory of each rural community is wood-
land suf fi cient to cover the rural household demand for timber and  fi rewood. 20   

    4.3.5   Urban Transport Calculator 

 The urban transport calculator translates amounts of materials that are to be trans-
ported from the hinterland into the urban centre into Mass Lifted (ML, in tons) and 
Mass Moved (MM, in tkm), as well as into number of draft animals required and into 
human labour time. It differentiates between three types of freight: wood, food and 
feed for urban draft animals. With wood, whatever the size of the hinterland, we assume 
it is never transported over land more that an average of 5 km, but that the urban 
wood demand is covered by wood extraction from forests either close to the city 
or at a close distance from natural or arti fi cial waterways suf fi cient for  fl oating. 
Average number of transport stages for wood is assumed to be 2 (land-water-land) 
and for food and feed to be 1. Average transport distance for food and feed is assumed 
to be two-thirds of the radius of the total territory of the hinterland. 21  By applying 
factors for loading time, average transportation speed, weight carried per haul, animals 

   19   We make no assumptions on how much of this is collected as proprietary income or taxes, and 
how much is sold on markets. But it is quite obvious that collecting “one tenth” (Zehent) for tithes 
or taxes is already roughly at the upper limit of what the villages can spare.  
   20   This assumption is well warranted for our empirical case studies, but this could of course be very 
different for other agrarian systems.  
   21   It must be borne in mind that this assumption implies an ideal geography that allows the territory 
to expand evenly in all directions from the centre into the rest of the world. Geometrically, all territo-
ries would be circular with the settlement/urban centre in the middle.  
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used per haul and hours worked per year by draft animals and humans, we are able 
to calculate the transport indicators ML, MM and the transport costs in man and 
animal years for the different material classes and for urban transport (Table  4.4 ).  

 The human labour required for rural-urban transport is assumed to be delivered 
by the urban population. 22  Draft animals required for rural-urban transport are not 
assumed to be an internal element of the agricultural production system. Their feed 
requirement is calculated as an additional biomass  fl ow and is added to the biomass 
demand of the urban system and hence also feeds back into the biomass production 
model and increases the size of the rural hinterland required (Fig.  4.6    ). 23   

 This is the only dynamic feedback feature built into the otherwise fully linear 
model. As we intended to use this model to test our hypothesis that transportation 
functions as a limiting condition for agrarian societies, we have designed it so as to 
possibly disprove this. The most important background assumptions that work in 
the direction of facilitating transport are the following:

   we presuppose a homogeneous geography where territories may extend symmet-• 
rically in all directions (no shores, no big mountains, no hostile neighbours), 
taking a circular shape  
  we assume territorial homogeneity where all land can be inhabited, utilised and • 
transgressed (no high mountains, no deserts, etc.)  

   22   By de fi nition, the rural population is fully occupied by agriculture. Practically, of course we may 
assume that farmers transport some of their produce to markets. But for the bulk goods like corn or 
 fl our that make up the overwhelming majority of the mass transported, we may safely assume that 
some kind of specialised business performs this task.  
   23   Feed demand for urban transport was calculated on the assumption of an average daily feed 
intake of 10 kg per draft animal and day. This already includes the feed demand for the  fi rst two 
live years of the horse during which it is not yet used for draft purposes. Fifty percent of the feed 
demand was assumed to be grain (oats) and converted with the rural biomass calculator into rural 
hinterland, population and agricultural biomass  fl ows. The remaining 50 % of the feed demand 
was assumed to be crop residues and grazing and these were not translated into additional hinter-
land (see Krausmann  2004  ) .  

   Table 4.4    Basic model assumptions to calculate transport indicators   

 Urban food  Urban feed  Urban wood  Rural transport 

 Distance per haul 
 2/3 of radius 
of hinterland 

 2/3 of radius 
of hinterland  5 km 

 2/3 of radius 
village territory 

 Transport stages  [#]  1  1  2  1.2 a  
 Speed b   [km/h]  3  3  3  2 
 Weight per haul  [t/haul]  0.5  0.5  1  0.25 
 Animals per haul  [#/haul]  1.5  1.5  2  1 
 Loading time 

per stage 
 [h/haul]  3  3  3  2 

   a  See Table  4.3  for details on transport stages per type of material  fl ow 
  b  These are the assumptions for the loaded cart. We assumed that speed increases by 25% for the 
return trip without load  
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  we do not include the efforts required for building and maintaining transport • 
infrastructure (roads, bridges, harbours) or transport vehicles  
  we do not include the efforts required to secure (politically and militarily) territories • 
and transport infrastructures  
  we assume low-price bulk goods (like timber,  fi rewood and construction minerals) • 
to be transported across land for very short distances only, and we ignore the effort 
needed to transport these goods on waterways or across the sea, and  fi nally  
  we assume the population in urban centres to have – on average – the same per-• 
sonal consumption level as people in the hinterland. In other words, we do not 
contrast rural poverty and urban luxury. This, of course would not preclude an 
urban elite living by very different standards than the rest – but their overcon-
sumption, on the urban average, would be balanced by urban poor.    

 Even under such favourable conditions, as we will see in the next chapter, trans-
port is a major task to be mastered by agrarian societies, and this task becomes 
increasingly dif fi cult to manage as urban centres gain in size.   

URBAN SUBSYSTEM

urban subsystem details
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food / feed surplus
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food demand

feed demand for

transport (GJ,t)
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minerals demand

wood demand

urban 

transport
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wood
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human
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city size assumed

territory (km2)
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system compartment technology switch model output

  Fig. 4.6    Urban subsystem details       
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    4.4   Centre-Hinterland Relations and Transport Requirements 
Depending Upon Centre Size: Results from Our Model 

 Let us  fi rst look at the scale 1 characteristics of the system implied by our knowledge 
of socio-metabolic relations (see Table  4.5 ). When we assume a population density 
of 35 people per km 2 , a reasonable standard for European history, 24  a village of 100 
inhabitants utilises a territory of 3 km 2 . Assuming the settlement to be located in the 
centre of this territory, it takes a quarter of an hour’s walk (1 km) to reach its bound-
ary. The extracted materials within this territory (food, feed and wood) will amount 
to 5 ton/inhabitant annually (or 500 ton for the village as a whole), which, derived 
from the composition and processing characteristics of this material, corresponds to 
a Mass Lifted of 6 ton per inhabitant (or roughly 620 ton for the village annually), 
with an average length of haul of less than a kilometre. The resulting Mass Moved 
then amounts to roughly 4 tkm per inhabitant and year, which costs 7,000 human and 
4,000 animal working hours a year (corresponding to 5 person and 3 animal years, 
Table  4.5 ) or, relative to the estimated total labour power of the village, 7% of human, 
and 6% of existing animal labour power. This village system can potentially export, 
per inhabitant, 160 kg (or 1,2 GJ) of food annually, which means that 4 village inhab-
itants can feed one urban citizen, or one such village of 100 people could feed up to 
25 non-agricultural population depending on the exploitation rate of the surplus. 
Everything said so far assumes that the village functions on a subsistence basis and 
does not invest any effort into delivering its “exports” anywhere, but that it is a prob-
lem of the urban centres to get hold of the supplies they need.  

 Now we will use our model to understand what happens if the system is increas-
ing in scale. On a next scale, we consider a system with a town of 20,000 inhabitants, 
sustained by the hinterland of villages required to provide suf fi cient resources (see 
Table  4.5 ). 25  In case of what we assume as standard agricultural productivity (see 
Table  4.2 ), a town of 20,000 urban people will require a hinterland of 135,000 rural 
population, and a territory of 4,100 km 2 . The radius of this territory would be 
roughly 36 km, already a day’s walking distance. This territory would contain 1,300 

   24   See, for example, 30–35 cap/km 2  in Austria and the UK around 1750 (Krausmann et al.  2013 ).  
   25   This whole comparison, in terms of system characteristics, will be calibrated according to the 
empirical relations we obtained from the analysis of three nineteenth century Austrian villages, as 
in the calculation on scale 1. In more general terms, we make our model calculations before the 
background of a typical central European rain-fed agricultural production system dominated by a 
traditional three- fi eld rotation and rural subsistence grain production. There is a heavy reliance on 
draft animals for agricultural labour and transportation, and a limited nutrient availability. The ter-
ritories are inland with no access to sea, hence no coastal shipping is taken into account. For rea-
sons of simplicity, river transport was taken into account for wood. (Beck  1993 ; Winiwarter  2002 ; 
Krausmann  2004,   2008  ) .  
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villages of the size described above that need to be kept motivated to deliver their 
surplus to the urban centre, by enforcing proprietary relations, taxes and tithes or by 
market relations. This town would require an annual input of 55,000 ton of biomass 
materials, of which food would be about one quarter, 26  to be transported on average 
a distance of roughly 22 km. 27  As we assumed the rural population to be fully occu-
pied with working the land, the labour load of transportation to the urban centre has 
to be borne by the urban population. 28  The work load of transporting biomass to a 
city of 20,000 amounts to 1,000 person-years. Assuming two-thirds of the urban 
population to be between 15 and 65 years of age, this corresponds to about 8% of 
the potential urban labour force (or 16%, considering males only). 

 A larger city of 100,000 inhabitants already, under the same conditions, needs a 
hinterland of 22,000 km 2  and a population of 720,000 inhabitants. Its radius would 
be 84 km (or more, since under ordinary geographical conditions it should not be 
easy to create circular territories of that size), and within this radius there would be 
more than 7,300 villages. The work load of transporting biomass to the city amounts 
to almost 10,000 person-years – under the same assumptions as above, this would 
already draw 15% of the population, or 30% of the potential urban labour force into 
the transport sector (see Fig.  4.9 ). 

 As we have constructed almost the whole model in a linear fashion, we should 
not be surprised to see certain constant relations across spatial scales. There are two 
moments, though, that contribute to non-linearity: one is distances expanding only 
with a square root function of territory, and therefore of materials extracted, and the 
other is the feedback effect from increasing distances to increased need for draft 
animals to again increasing territorial needs to feed those animals. The resulting 
non-linearity, across the whole chain of causal interlinkages, can be seen with the 
following parameters (see Figs.  4.7  and  4.8 ):

   26   For the moment, we have ignored construction minerals. Under industrial conditions, construction 
minerals are of the same order of magnitude (or more) than biomass. Under agrarian conditions, 
we would presume them to be somewhat less. Calculations based on statistical data for the use of 
construction minerals in Vienna around the year 1800 and bottom up estimations for the use of 
construction minerals per building, suggest an annual DMC of construction minerals of 0.5–1.0 
ton/c. They would typically not be transported over large distances (see model description above). 
According to rough estimates including rural and urban demand for construction minerals in our 
model would increase transport expenditure in terms of human and animal labour by 5–15 %.  
   27   Of course, in the longer run the territory around an urban centre would become restructured in a 
similar way as happens in the villages themselves that organise land use so as to minimise trans-
portation. But there are certainly limits to such a restructuring. For an empirical case see twelfth 
century Constantinople (Koder  1997  ) .  
   28   For our calculation, it does not matter where the labourers in the transport business actually 
live; by de fi nition, they belong to the urban population, as the rural population works 100% in 
agriculture.  
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  Fig. 4.8    The share of urban (in contrast to rural, agricultural) population in the total system, and 
the share of the urban population required for transportation, in relation to size of urban centre 
(standard productivity assumptions)       
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gatherers and for agrarian societies by size of urban centre to be sustained (standard productivity 
assumptions)       

   The most dynamic factor is Mass Moved in terms of tkm: if the size of the centre • 
increases, and therefore the territory, Mass Moved increases by a disproportion-
ately large amount (see Fig.  4.7 ), while per capita material use, and per capita 
Mass Lifted, remain more or less constant (or even decrease, due to the use of 
larger vehicles, as we assume).  
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  As a consequence, the need for draft animals rises by a disproportionate amount • 
(much faster than the human    labour required, because of the use of larger vehicles 
with still only one driver).  
  And again as a consequence of this, the hinterland needs to increase dispropor-• 
tionately, to allow keeping and feeding all these animals.  
  As an interesting and unexpected side-effect of this, the proportion of the urban • 
population (or non-agrarian population) within the total population  declines  
again when the size of the urban centre increases beyond a certain point (see 
Fig.  4.8 ). So for each agricultural production system (depending on its speci fi c 
features as described in the “biomass production calculator”) there may be an 
optimum size of urban centres (and of overall territory), a size beyond which the 
material standard of living starts to decline, because of investments into over-
coming distances. 29       

 So even under very favourable assumptions, there are clear indications for a scale 
limit to agrarian empires, and agrarian centres, due to factors associated with the 
cost of transport (in terms of human labour time and land). Where this scale limit 
occurs strongly depends upon agricultural productivity. As apparent in Fig.  4.9  ,  
which shows model results for scenarios based in different assumptions on land and 
labour productivity ,  a city of 100,000 inhabitants with a hinterland of high produc-
tivity may have the same transport effort as a city of 20,000 inhabitants in the case 
of low hinterland productivity (while the transport activity among the rural popula-
tion is hardly affected). Still, in both cases 10% of the urban population will be 
engaged in transportation for the supply of the city. If only males perform this task 
and if you exclude children and old people, this will amount to well over a quarter 

   29   One should be aware that in our model we keep the material standard of living constant by securing 
a constant amount of food and other material input per capita.  
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  Fig. 4.9    The relation between agricultural productivity and human transport effort, by size of 
urban centre. Results from the standard, a low and a high productivity scenario. In the low produc-
tivity scenario we assumed a 40 % lower area and 15 % lower labour productivity as compared to 
the standard scenario (see Table  4.2 ). In the high productivity scenario we assumed corresponding 
increases in area and labour productivity       
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of the male labour force. Different assumptions on area and labour productivity in 
the agricultural hinterland do have a large impact on the model results, but whatever 
the agricultural productivity, such a scale limit will occur.  

 At the heart of this lies the dilemma that in order to solve the problem of over-
coming distances, the problem is structurally aggravated by using additional space 
to gain the supplies needed. This dilemma, under the conditions of the agrarian 
socio-ecological regime, where energy and supplies are largely area dependent, is 
fundamentally insoluble. 30   

    4.5   Conclusions 

 Our modelling exercise yields important insights into the functioning of socio-
ecological systems. While our analysis focussed on transportation, there surfaced a 
number of key generic features of agrarian societies and the transition from the 
agrarian to the industrial socio-ecological regime. As overly simple as it may be, our 
model allows the intimate interlinkage of territory, labour and subsistence that 
permeates all social and ecological relations to be grasped. It demonstrates that the 
growth of urban centres depends upon an extension of the territory and rural popula-
tion to work the land and generate the supplies that cities require. These changes in 
the spatial organisation of socio-ecological systems have implications both for eco-
systems (e.g. land use intensity, nutrient  fl ows) and social organisation (e.g. division 
of labour). Our  fi ndings shed light upon the causes of the constant competition and 
struggle over land so prevalent in history, often simply interpreted as resulting from 
too high ambitions on the part of political and military leaders, while here we are 
able to show that this may in fact be dynamically driven by the sociometabolic 
needs of emerging and growing urban centres. Our results also help to explain why 
even large empires in history that extended over land with low productivity (because 
of aridity, for example) struggled to maintain urban centres of a still relatively small 
size. We can also see that raising agricultural productivity was mainly in the interest 
of urban centres: While it increases the labour burden on peasants (see Boserup 
 1965  )  and possibly drives rural population growth to cope with this rising burden, it 
allows the food surplus required to sustain urban expansion to be increased. 31  

 Under agrarian conditions, there were a number of strategies available for urban 
elites to improve their wellbeing and increase their wealth.

   30   On the other hand, by implication the competitive advantage that can be gained from non area-
dependent modes of transport, such as downstream rafting or sailing, or using coal/oil for driving 
engines, becomes obvious.  
   31   In the light of this, one may still  fi nd it astonishing how little historical urban intelligence was 
invested into such efforts, perhaps with the notable exception of the Egyptian and Roman Empires, 
who developed systematic scienti fi c expertise for this purpose.  
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   increasing the size of the territory and the rural population under their control • 
(as above)  
  investing in promoting agricultural productivity  • 
  building a transport infrastructure and improved transport vehicles  • 
  trading with other urban centres  • 
  putting pressure on the rural population by tithes and taxes, thus (in terms of our • 
model) increasing the rate of exploitation  
  importing adult slaves to save on the reproduction costs of urban labour.    • 

 All these strategies, according to our model, run into constraints from transporta-
tion and become at a certain point self-defeating. Accordingly, most major historical 
urban centres were built in locations where they did not depend upon land transport, 
but had access to waterways or the sea. Such access did not completely relieve them 
of these constraints, but helped to push the boundaries a little bit further. So,  fi nally, 
the sociometabolic approach upon which we base our analysis allows us to understand 
why, without area-independent sources of transport energy (such as coal or petro-
leum), urban growth is severely constrained. This also underlines the signi fi cance of 
changes in transport technology and infrastructure (the transport revolution) for the 
agrarian-industrial transition and the intimate relation between the energy and trans-
port systems (Gingrich et al.  2012  ) .      
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  Abstract   Only in a long-term perspective does the profound difference between 
pre-industrial and industrial society-nature relations become clearly visible. Long-
term socio-ecological research (LTSER) extends its temporal scope signi fi cantly with 
contributions from environmental history. This chapter discusses the Danube, Europe’s 
second longest, and the world’s most international river, as a long-term case study. We 
approach the river as a ‘socio-natural site‘, i.e. the nexus of arrangements (such as 
harbours, bridges, power plants or dams) with practices (such as river regulation, 
transportation, food- and energy-procuring). Arrangements and practices are both 
understood as socio-natural hybrids. We discuss how and why practices and arrange-
ments developed over time and which legacies past practices and arrangements had. 
We emphasise the role of usable energy (so-called exergy) in the transformation of 
socio-natural sites. Since industrialisation, the amount of exergy harvestable from the 
Danube’s arrangements has increased by orders of magnitude and so have the societal 
and ecological risks from controlling these exergy-dense arrangements. The arrange-
ments we have inherited from our ancestors determine the scope of options we have in 
the present when dealing with rivers like the Danube. Current management decisions 
should therefore be based on the  fi rm ground of historical knowledge.  
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    5.1   Introduction 

 Environmental history is based on a co-evolutionary concept of relationships 
between society and nature. The main object of study are those relations in the 
past. Since the  fi eld developed its own contours in the 1970s, pollution, environ-
mentalism, climate, resource use and abuse and its environmental effects, the study 
of conservation history and, more recently, the environmental effects of war and 
the human body in polluted environments have been studied (McNeill  2003  ) . 

 An environmental history of the Danube River Basin (DRB) necessarily has to 
combine many of these themes, taking the diversity of environments along the river 
into account. The upper stretch of the Danube connects the Austrian Alps and the 
Western Carpathian Mountains and comprises the river from its source to the 
’Devin Gate’ (once called ’Porta Hungarica’, near Bratislava). The middle stretch 
runs from there to the Iron Gate Gorge in the Southern Romanian Carpathians. 
The lower part reaches from the Iron Gate to the delta-like estuary at the Black Sea 
(Sommerwerk et al.  2009  ) . Today, hydromorphological change is a major environ-
mental challenge in the upper DRB, pertaining to questions of conservation and 
resources (water power and  fl ood protection), while pollution is among the biggest 
concerns in the lower Danube. These together have resulted in the almost total 
demise of  fi sheries in the middle DRB. The DRB exhibits a plethora of environ-
mental problems, many of which are likely to be exacerbated by global climate 
change. None of these problems can be addressed without knowledge about human 
impacts on the river and the river’s impact on humans over time. 

 The Danube is not only Europe’s but the world’s most international river. The 
DRB covers about 800,000 km 2  in the territories of currently about 20 states (Wolf 
et al.  2002  ) . The International Commission for the Protection of the Danube River 
(ICPDR) was formed in 1994 to monitor the current state of the DRB and to play an 
active role in conciliating its various stakeholders. The Commission is now respon-
sible for implementing the European Water Framework Directive (WFD). 1  An 
understanding of historical legacies is required to implement the WFD and for 
effective integrated river basin management, but the research basis remains very 
sketchy. Reacting to this research need, the Danube Environmental History Initiative 
(DEHI) was founded in 2008. The core interest of its interdisciplinary efforts is the 
comparative study of long-term socio-ecological developments in the DRB. 

   1   “The Water Framework Directive [WFD] establishes a legal framework to protect and restore 
clean water across Europe and ensure its long-term, sustainable use. (Its of fi cial title is Directive 
2000/60/EC of the European Parliament and of the Council of 23 October 2000 establishing a 
framework for Community action in the  fi eld of water policy.) The directive establishes an innovative 
approach for water management based on river basins, the natural geographical and hydrological 
units and sets speci fi c deadlines for Member States to protect aquatic ecosystems. The directive 
addresses inland surface waters, transitional waters, coastal waters and groundwater. It establishes 
several innovative principles for water management, including public participation in planning and 
the integration of economic approaches, including the recovery of the cost of water services.”, 
from:   http://ec.europa.eu/environment/water/water-framework/index_en.html      

http://ec.europa.eu/environment/water/water-framework/index_en.html
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 As one of the core players within DEHI, the Centre for Environmental History 
in Vienna concentrates its research on the environmental history of the Danube. 
Similar to what renowned environmental historian Richard White has suggested 
for the Columbia River (White  1995  ) , the Danube is conceptualised as an ‘Organic 
Machine’, a hybrid between nature and culture. Much of it is, in the words of 
William Cronon, ‘second nature’, a nature colonized and changed by humans for 
millennia (Cronon  1991  ) . Long-term socio-ecological research (LTSER) is based 
on similar premises (Haberl et al.  2006  ) . Expanding on these concepts, we call the 
hybrid spaces we investigate ‘socio-natural sites’. The  fi rst part of this paper 
explains this conceptual basis, which was developed from the notion of ‘social 
sites’ suggested by Theodore Schatzki  (  2003  ) .  

    5.2   The Danube as a Socio-natural Site 

 History, the perceivable change of social as well as physical structures like buildings, 
in short, of everything which relates to humans in this world, can be described as a 
transformation of socio-natural sites (Winiwarter and Schmid  2008 ; Schmid  2009  ) . 
To begin with, humans are able to use their bodies to process the information they 
have gathered with their senses. How does the body accomplish this feat? By means 
of energy: Senses react to electromagnetic radiation, sound waves or direct bodily 
contact, all of which elicit nervous responses in the receptors of the body – we see, 
hear or feel. How these sensations are communicated between individuals is, in 
contrast, not a feature of the body but culturally constructed. The different systems 
of colour distinction utilised by different peoples are a case in point. 

 A logical follow-up question to this diagnosis could be: How do we construct 
culturally what our senses produce naturally? This question is misleading, however, 
because the assumed world on which the question is based is split into the realm of 
nature and the realm of culture, with the overlap between the two realms inhabited 
by humankind. While the distinction makes sense for some types of questions as an 
analytical divide, the natural and social are intertwined, in our bodies as well as in the 
world, which is a world of hybrids. Rather than investigating the natural and cultural 
and their interaction, we suggest investigating ‘practices’ and ‘arrangements’, both 
understood as socio-natural hybrids (Fischer-Kowalski and Weisz  1999  ) . 

 Andreas    Reckwitz ( 2002 ) has summarised the meaning of ‘practices’: “A 
‘practice’ (Praktik) is a routinized type of behaviour which consists of several 
elements, interconnected to one other: forms of bodily activities, forms of mental 
activities, ‘things’ and their use, a background knowledge in the form of under-
standing, know-how, states of emotion and motivational knowledge. A practice – a 
way of cooking, of consuming, of working, of investigating, of taking care of one-
self or of others, etc. – forms so to speak a ‘block’ whose existence necessarily 
depends on the existence and speci fi c interconnectedness of these elements, and 
which cannot be reduced to any one of these single elements. Likewise, a practice 
represents a pattern which can be  fi lled out by a multitude of single and often unique 
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actions reproducing the practice (a certain way of consuming goods can be  fi lled out 
by plenty of actual acts of consumption). The single individual – as a bodily and 
mental agent – then acts as the ‘carrier’ (Träger) of a practice – and, in fact, of many 
different practices which need not be coordinated with one another. Thus, she or he 
is not only a carrier of patterns of bodily behaviour, but also of certain routinized 
ways of understanding, knowing how and desiring. These conventionalised 
‘mental’ activities of understanding, knowing how and desiring are necessary ele-
ments and qualities of a practice in which the single individual participates, not 
qualities of the individual. Moreover, the practice as a ‘nexus of doings and sayings’ 
(Schatzki) is not only understandable to the agent or the agents who [perform these 
activities], it is likewise understandable to potential observers (at least within the 
same culture). A practice is thus a routinized way in which bodies are moved, 
objects are handled, subjects are treated, things are described and the world is under-
stood.” (Reckwitz  2002 ). In our  fi rst environmental history micro-study, we called 
what Reckwitz describes as practices ‘Handlungsmuster’, that is, ‘patterns of action’ 
(Projektgruppe Umweltgeschichte  2000  ) . Practices are based on perception, and 
practices are impossible without handling material objects. Many of the material 
objects involved are shaped by practices, and these are called arrangements. 
Arrangements are the material precipitates of practices. They are maintained by 
continued interventions, practices of building are followed by practices of maintain-
ing. Practices are constituted by sensual perceptions which lead to representations of 
them by means of communication; these representations are interpreted and changed 
into programmes for the intervention into arrangements, and work is needed to actu-
ally change arrangements according to the perception-and-interpretation based 
programmes. The nexus between practices and arrangements is called a socio-
natural site. 

 If one is interested in the nexus of practices and arrangements, physical human 
interaction with the material world becomes a key issue. Work is the sole possibility 
of material interaction, although it is based on perception, representation and 
programmes. Mechanical work is de fi ned as the amount of energy transferred by a 
force acting through a distance. Hence, the energy involved in the production and 
maintenance of arrangements becomes a central question of the study of arrange-
ments and practices. Energy is never destroyed during a process; it changes from 
one form to another. Therefore, one should rather focus on exergy, that is the part 
of energy that is available to be used (Ayres and Warr  2005  ) . Exergy allows a 
waterwheel to be moved, allows the water in a pot to be heated, and exergy can, in 
contrast to energy as such, be used up, as it is changed into less useful forms, the 
so-called anergy. 

 Let us turn back from the basics of physics to human work. It could be useful 
to de fi ne as work any activity which harvests exergy or protects arrangements 
built to harvest exergy from the remaining energy of the system in which harvest-
ing takes place – such as constructing an over fl ow for a mill creek or preparing for 
a  fl ood event. 

 Work, which is available through practices, is an intervention into material 
arrangements; it changes these arrangements, which leads to changes in practices, 
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which in turn has an impact on where and how which work can be done. Building a 
bridge facilitates crossing a river, but the same bridge may become an obstacle for 
shipping transport. Practices and arrangements are transformative with regard to 
each other; if one changes, the other changes as well, and the socio-natural site 
transforms. 

 Environmental history, one could therefore say, investigates the conditions and 
consequences of interventions into material arrangements through work. The conse-
quences of interventions are visible as changes in arrangements. Following such 
changes is an important part of environmental history research. Conditions and conse-
quences, however, can only be discerned at a speci fi c point in time, as causes and 
effects turn into one another over time (Heinz von Foerster  2003  ) . The timing of 
observation is therefore decisive for the distinction, it is imperative to analyse arrange-
ments not only in terms of consequences, and practices not only in terms of causes. 

 To summarise the conceptual basis, human beings create, via their practices, 
arrangements from the material world to harvest exergy. These arrangements 
deteriorate due to wear and tear. All arrangements are part of the evolutionary 
setting of humankind, either because of (evolving) humans taking part in them, or 
because of other living beings which evolve and are part of them. Autopoietic 
change in arrangements is the norm, not the exception. Life itself is thermody-
namically highly improbable and to continue living, exergy is needed, exergy 
which has to be maximised or at least stabilised via information (cp. the ‘maximum 
power principle’ described by Odum and Pinkerton  1955  ) . 

 Practices of exergy harvest have an impact on arrangements and at the same 
time they need to account for the autopoietic nature of arrangements, which tend 
to deteriorate into forms with a lower exergy level. If the exergy of a system is to be 
maximised, entropy maximisation as the natural course of the world has to be 
counteracted. Arrangements need continued investment of human labour to stay 
functional. 

 Let us turn from the conceptual realm to the river. Rivers are reservoirs of kinetic 
and potential energy. The harvesting of this energy can take many forms, many 
different arrangement-practice nexuses can be distinguished: A raft drifting with 
the  fl ow, a millwheel, a turbine in a power plant, and also the joules contained in 
the river  fi sh on a human plate constitute some of the ways in which exergy can be 
harvested from a river. 

 But, it could be maintained, all physical relations argued for so far only hold true 
in a closed system. The earth, however, is not a closed system, receiving energy 
every day in abundance from the sun. As long as the sun continues to do so, exergy 
remains available. In many cases, exergy is available in excess to what humans want 
and need. Avalanches or mudslides are effects of such available exergy which 
endanger the practices and arrangements of human exergy harvest. 

 This connection leads to the hypothesis that the extent of control via practices 
which is necessary to harvest exergy is proportional to the exergy density of the 
arrangement. The higher the amount of exergy which needs to be controlled in an 
arrangement, the more likely is the deterioration of such an arrangement, and 
therefore, the more likely is the production of potential harmful legacies and their 
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long-lasting effects. While a small water wheel on the side of a creek has almost no 
long-lasting effects, even a series of mill weirs surely has (Walter and Merritts 
 2008  ) , not to mention a large power plant. 

 We are bound to the maintenance of our arrangements; legacies of earlier inter-
ventions (one could think of radioactive waste from nuclear power plants, situated 
on the Danube’s banks and cooled by its waters) have a profound impact on our 
and our descendants’ practices. We need to perceive our environment to construct 
arrangements; and it depends on our perception as to how we construct them. 
No work can be pursued without perception of the material layout with which it is 
supposed to interact. Perception is inescapably tied to motives of the perceiving 
actor, and hence, inescapably subjective and driven by interests. Political issues 
are not excluded from the world by focussing on the nexus of practices and 
arrangements; they are fully integrated via the investigation of perception. 

 The core question of an environmental history of the DRB, integrating the 
socio-cultural and the ecological sphere, can thus be reformulated: How has the 
nexus of arrangements such as harbours, bridges, power plants or dams with 
practices such as river regulation, transportation, food-procuring and many more, 
developed over time? Which legacies did these practices and arrangements have? 
This will be discussed in the following chapter.  

    5.3   The Long History of Interventions into the Riverine 
Landscape 

 In his book,  Austria, Hungary and the Habsburgs , historian Robert Evans describes 
the role of rivers as contested borders. “River frontiers in fact generated all manner 
of complex disputes: over water transport and its regulation; over fords, bridges, 
and their maintenance; over mills,  fi shing and other riparian rights; over  fl ooding, or 
conversely over drainage; even – the toughest problems of all – over changing 
locations of the bed of the stream. The ancient, and in its larger features unques-
tioned, Austro-Hungarian border was partially riverine, and those sections most 
gave rise to litigation: protracted arguments about shifting islands at the con fl uence 
of the Danube and the March, and elsewhere, and, further south, about the course of 
the little rivers Leitha and Lafnitz” (Evans  2006 , 122). 

 Seen from an environmental historian’s viewpoint, it is the nature of rivers which 
makes them a source of protracted argument, rivers being dynamic at timescales 
within human experience. Mountains move, and seas come and go, but do so at 
geological timescales, normally separated from human perception. Rivers, in con-
trast, are fast-changing landscape elements and hence, a source of disturbance for 
societies, in particular for those based on territorial rights such as agrarian, solar-
energy-based regimes. Rivers are also, as the quote makes clear, multi-functional 
elements of landscapes, with many of these potential functions being in con fl ict 
with one another. Ship mills could be obstacles for navigation,  fl oating timber 
threatened  fi sh populations; even the production of  fi bres was a source of con fl ict, 
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as one can use the river either to condition  fl ax or to catch  fi sh, because decaying 
 fl ax reduces the water’s oxygen content. More examples of such con fl icts can be 
found in historical sources, as archival material for river histories often originated 
from (environmental) con fl icts.  

 One of the main achievements of Austrian efforts to study the environmental his-
tory of the Danube is the reconstruction of a 10 km-long tract of the river in its 
evolution since 1715, the time for which the earliest accurate map, appropriate for 
georeferencing, is available. A series of reconstructions clearly show the difference 
between a largely natural river at the beginning of the period and a channelled, 
dammed and straightened ship canal in (Fig.  5.1    ). This series in Fig.  5.2  has been 
discussed in detail by Hohensinner  (  2008  )  and Hohensinner et al.  (  2004,      2011  ) .  

 While historians’ sources do not allow us longer reconstructions, an environmen-
tal history of the Danube could start with the Venus of Willendorf, a c. 25,000 year 
old artefact found close to the Danube in what is today the province of Lower 
Austria. The  fi gure’s material is of unknown origin, Oolite is not native to the area. 
The  fi gure or the material must have come from elsewhere, telling a story of move-
ment and transportation in which the Danube might have been involved. 

 The Fossa Carolina is probably the oldest remnant of an intervention still visible 
today (Schiller  2008  ) . Charlemagne (724/727-814), King of the Franks and Holy 
Roman Emperor, wished to connect the Rezat river to the Altmühl river, and hence 
the Rhine basin to the Danube basin. In 793, Charlemagne gave orders to dig a 3 
km-long channel, actually a series of ponds, of which about 500 m are still visible 
today. Current research claims that the work was intended to facilitate trade 
between Rhineland and Bavaria. An environmental history of the Danube could 

  Fig. 5.1    Location of the Danube sections Machland and Struden, Lower and Upper Austria (Map 
modi fi ed from Hohensinner et al.  2011  )        
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also start with ‘Limes‘ and ‘Ripa‘, the ancient Roman empire’s extensive border 
zones along the Danube and discuss the river’s role in military and civil transporta-
tion 2,000 years ago. 

 Transportation and its facilitation for millennia constituted and still is one of the 
main driving forces for interventions into the dynamic nature of the Danube. The 
small Bavarian city of Straubing built a ‘Schlacht’, a blockage of one river channel 
to render the other channel, closer to the settlement, more useful as a trading route 
in the  fi fteenth century at the latest. Many more such interventions are documented 
at least for the upper basin in early modern times (Leidel and Franz  1998  ) . Regulation 
works to prevent the silting of river channels useful for navigation are documented 
for Vienna from the fourteenth century onwards. It is noteworthy that the operations 
in Vienna and at other locations were on a large scale, costly, hence con fl ict-ridden 
and long-lasting in their effects, as has been shown for the shipping channel at 
Nussdorf at the northern entrance to Vienna (Thiel  1904,   1906 ; Mohilla and 

  Fig. 5.2    ( a – f ) Historical development of the Danube in the Machland  fl oodplain 1715–2006: 
( a ) and ( b ) prior to channelisation in 1715 and 1812, respectively, ( c ) at the beginning of the chan-
nelisation programme in 1829 ( red circle :  fi rst major river engineering measure), ( d ) excavation of 
the cut-off channel 1832, ( e ) at the end of the channelisation programme in 1859, ( f ) after channeli-
sation and hydropower plant construction in 2006 (Hohensinner  2008  )        
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Michlmayr  1996  ) . Taming rivers for navigation led to widespread interventions 
also in the pre-industrial period. 

 Another such intervention concerns bridges. While transportation was much 
aided by rivers longitudinally, crossing them presented a major hindrance to land 
transport (although they could be helpful as a barrier to potential enemies). A bridge 
is usually relatively unproblematic in terms of the  fl ow of water. But bridges are 
major obstacles to ice  fl oes, which cannot move through them, pile up, creating 
 fl oods in their aftermath and destroying bridges regularly. The effect of bridges on 
ice jamming is clearly visible in the image of Regensburg in 1784 on the right, the 
remains of a wooden bridge, which had been jerked from its anchors and  fl oated 
8 km downstream are jamming the  fl ow. The middle tower of the famous medieval 
stone bridge subsequently had to be removed due to structural damage it had 
incurred during the jam. 

 The Danube was an important transport route in pre-industrial times. The main 
goods transported were wood, which could be made into a carrier of the transported 
material itself by means of rafts – a perfect arrangement to harvest exergy via the 
stream’s energy – stones from quarries along the river, which were too heavy to be 
transported over land, produce for urban markets, expensive goods such as salt and – 
in the many years during which part of the Danube basin was the site of war – war 
provisions of all kinds. Transportation of people was also regular, if at times quite 
dangerous. Transport downstream with the  fl ow was, although risky in many stretches, 
comparatively easy, yet upstream transport was dif fi cult and slow, accomplished by 
trains of horses pulling the ships against the current (Fig.  5.3 ).  

  Fig. 5.3    The  fl ood in Regensburg in 1784 (Angerer  2008 ) (© Museen der Stadt Regensburg – 
Historisches Museum)       
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 Examples of hindrances to ship transportation are legion in the environmental 
history of the Danube, from water levels being too low during autumn to the regular 
 fl ood events which made navigation very dif fi cult due to two types of dangers: 
Firstly, static dangers such as Struden (see Fig.  5.1 ), a spectacular gorge well known 
for its narrow course with cataracts and a vortex, presented a major obstacle. 
Attempts to mitigate these obstacles date back at least to the sixteenth century 
(Slezak  1975  ) . The second type of danger is connected to those stretches where the 
Danube moves through a wide alluvial valley. Such valleys allowed for rapid shifts 
of river channels, making navigation very dangerous to inexperienced navigators. 
Regulation efforts were aimed at providing a deep, stable channel, but the river 
dynamics worked against this goal as can be seen from a series of failed interven-
tions in the Machland  fl oodplain (see Fig.  5.2 ). 

 The  fi rst attempt in around 1826 was aimed at closing off one of the two main 
arms in order to make the other one deeper and hence, less prone to shipwrecking; 
this measure was also intended to stem further erosion, which was threatening home-
steads on the southern bank. Contrary to the hopes of engineers, the remaining chan-
nel did not deepen, but instead widened and remained too shallow for safe navigation. 
And even worse, several farms along the northern banks were now threatened by 
erosion (see Fig.  5.2b , c). The next intervention, undertaken in 1832, was to excavate 
a 25 m-wide straight cut-off channel through the large island between the two 
main channels (see Fig.  5.2d ), which would be widened by the river itself due to 
lateral channel erosion. The engineers were proved right as the river adopted the cut-off 
channel and widened it considerably, straightening the river course for easier naviga-
tion (see Fig.  5.2e ). But the bed material removed by the  fl ow was deposited directly 
downstream of the new channel, creating a maze of gravel bars and shallows which 
were as dangerous as the upstream area had been before. Shipwrecks added to the 
problem, as some were nuclei in the formation of new gravel bars and islands, further 
complicating shipping. Authorities were forced to intensify their efforts and within 
the next two decades several kilometres of training walls were built, forcing the 
Danube into a new bed. At the end of the nineteenth century, groynes were added to 
provide a suf fi ciently deep waterway during periods of low  fl ow. But it took until the 
twentieth century with its concrete structures and hydropower plants – made possible 
due to fossil energy – to restrain the  fl ood dynamic of the Danube (Veichtlbauer 
 2010  ) . The hydropower plants changed the former river  fl oodplain system up- and 
downstream of their dams fundamentally and often irreversibly (see Fig.  5.2f ). 

 This history of the Danube in the Machland clearly shows how human practices 
are shaped by motives, in this case trade for the exchange of material goods and 
creation of wealth, and how the arrangements they build to support this interest are 
changed by the river, creating a series of reactions which – in this case – led to 
massive interventions into river morphology and thus into animal habitat and the 
ability of the river to serve other purposes. Like much other environmental history, 
the story of river engineering provides a telling case of the unwanted side-effects of 
the creation and re-arrangement of socio-natural sites, a case in point to be addressed 
in future river management. 

 The second major interest in the river, energy procurement, has already been 
mentioned in passing. Pre-industrial energy harvest techniques involved wheels of 
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some kind, which translated the  fl ow of the river into the turning of a pivot. Ship 
mills, which could be used independently of the water table – unless the current was 
too swift and  fl oating debris endangered them during  fl oods – were the most com-
mon facility to use the  fl ow of the Danube. Thousands of these were installed along 
the river, concentrated where a town or city met its  fl our needs with grain milled 
on the ships. The intervention into the river for these mills was very small compared to 
the elaborate river training detailed above. A bank to secure the ship mill was 
needed, not unlike the securing of a boat. But they were not without impact: An 
instance reported in an English newspaper for  Peterwaradin  (Petrovaradin, Serbia) 
provides information about con fl icting uses of the Danube in 1716 and arrange-
ments for different practices: For military purposes, two bridges were to be laid over 
the Danube there but the action was delayed because violent winds had hindered the 
towing ashore of ship-mills which lay in the middle of the river in the days before. 
One of these ship mills was driven down the stream with the wind and damaged the 
ship bridges, carrying away  fi ve ships from one, and 18 from the other. 2  

 The harvest of biomass in the fertile  fl oodplains and the transportation infrastruc-
ture provided by the river meant that human settlements and cultivated lands were 
situated in zones where  fl ooding, erosion and sedimentation were not uncommon. 
The history of  fl oods on the Danube is still underresearched but a wealth of sources 
exist to reconstruct the interaction between arrangements and river dynamics, and 
the ensuing activities to restore the arrangements. A remarkable series of major 
 fl oods in the late eighteenth century seriously affected growing urban agglomera-
tions along the Danube, as has been shown for the case of Budapest (Kiss  2007  ) . 
A series of reports about the Danube in early British newspapers, which have been 
analysed for the period from 1687 to 1783, shows a similar picture. During this 
96-year period, we read 14 times about ice-induced damage of bridges in Vienna, 
the longest interval between two incidents being only 17 years. Overall, these 
newspapers report (noteworthy) cases of destruction every 5 years. 

 To give but two examples of  fl oods which did not involve ice, in October 1732, 
the  fl ood on the upper Danube was considered abnormally high as a report from 
 Ratisbon  (Regensburg) shows, and  fl oats of timber were separated and bridges 
destroyed. A similarly high  fl ood was reported in the region in June 1737, ‘Spoils 
and broken Furniture are seen every Day  fl oating’, writes the paper. 3  In July 1736, 
we read of great rains which had so swelled the Danube that the inhabitants of the 
Viennese suburbs of Rossau and Leopoldstadt were obliged to use boats on most of 
their streets, while the great bridge of Vienna and that of Krems, upriver from the 
capital, had both suffered considerable damage ‘by the Rapidity of the River’, and 
almost all the surroundings of Vienna were reportedly under water. 4  

   2   London Gazette (London, England), Saturday, August 18, 1716; Issue 5461; slightly different in 
Post Man and the Historical Account (London, England), Saturday, August 18, 1716; Issue 
11250.  
   3   Daily Gazetteer (London Edition) (London, England), Friday, June 10, 1737; Issue 611.  
   4   Daily Post (London, England), Wednesday, July 28, 1736; Issue 5265.  
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 Protection from  fl oods was a major imperative of river engineering since its 
advent. The impact of regulation works on the river was greatest in the middle reaches 
of the river, in the Hungarian plain, where damming and  fl ood protection was under-
taken as early as 1426. In the mid-nineteenth century, Count István Szechényi 
initiated several extensive engineering projects on the then Hungarian Danube 
(Harper  2004  ) . But human arrangements were also designed for resilience to dynamic 
circumstances. By using the  fl ood-prone areas for types of cultivation which needed 
only low investment and made good use of the proli fi c new growth after a  fl ood, 
damage could be minimised. Young willow stands could be used as raw material for 
basket weaving as well as for early types of regulation devices, fagots, bundles of 
shoots, tied together and packed into submerged fences along the riverbank. Grazing 
cattle could be removed in case of a  fl ood. The  fl oods themselves brought nutrients, 
an important asset in a nutrient-poor world without arti fi cial fertilisers. 

 Fish, as we pointed out at the beginning, are one way to harvest exergy from the 
river. The Danube was a source of protein for the longest period of time, with local 
 fi sh markets being described in a wealth of places. While  fi sheries were diverse, and 
many species were commercially interesting, stocks of the most impressive Danube 
 fi shes, the Beluga or European sturgeon ( Huso huso ), which could grow to a length 
of up to 8 m, were already depleted by over fi shing by the sixteenth century (Balon 
 1968 ; Bartosiewicz et al.  2008  ) . In the eighteenth century, the arrival of a huge 
“Hausen” in Vienna is already worth a report in a distant newspaper: According to 
the source, a giant  fi sh reached the Viennese  fi sh market from Hungary in 1732. Its 
measures are given as 5.5 Ells long and 2.75 broad, the roe weighed 88 lb., the 
entrails 74 and the body 805, altogether 967 lb. in weight. 5  

 One of the great problems of  fi sheries is their sustainable development. Fish are 
easily overharvested and can be depleted rapidly. The demise of ocean  fi sheries in 
the twentieth century has an earlier parallel in many freshwater  fi sheries. The catch 
of large sturgeon was accomplished by structures built into the river (see Fig.  5.4 ). 
The arrangement to capture the exergy was a sturdy construction made of wood, 
often called a fence, but in the case shown here, was more a giant  fi sh trap. These 
structures were built to last, but the nature of the river led to rapid wear and tear of 
the wooden beams. Documentation from the river Volga shows how much practices 
are shaped by arrangements to a degree which could become dangerous for human 
survival. In an eighteenth century encyclopedia, the life of the divers employed to 
control the submerged traps is described in some detail. 6  The ice-cold water of the 
Volga could only be suffered by the divers when they were  fi rst heated up in a kind 
of sauna. They were given spirits to drink, probably in order to increase the blood 

   5   Daily Journal (London, England), Monday, June 12, 1732; Issue 3569; assuming that the 
speci fi cations of that  fi sh refer to ancient English units (1 Ell c. 1.143 m; 1 lb (Pound) c. 454 g), it 
had a length of 6.3 m, a width of 3.1 m and a total weight of c. 440 kg; although this makes this 
 fi sh a lightweight relative to its size, the measurements  fi t tolerably with Balon’s  (  1968 , 245) 
calculations on Huso huso’s weight-size ratio from historical catch records.  
   6   Johann Georg Krünitz in Volume 22 of his  Ökonomische Enzyklopaedie  from 1781; see:   http://
www.kruenitz1.uni-trier.de/      

http://www.kruenitz1.uni-trier.de/
http://www.kruenitz1.uni-trier.de/
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 fl ow through the vessels in their arms and legs. Heated up and slightly intoxicated, 
they jumped into the river and inspected the underwater arrangement as long as the 
air in their lungs allowed. The same procedure was repeated several times a day, 
until they bled from ears and nose and had to be transported ashore. The mainte-
nance work lasted for a week each year, during which the divers worked daily com-
pleting up to seven dives. Most divers did not last long through this ordeal, becoming 
arthritic and suffering from oedema after 3–4 years, and not even the sturdiest could 
work as divers for more than 10 years, with many dying young.  

 While this example shows the connection between arrangements and practices, 
 fi sheries were usually much worse for  fi sh than for men. Today, commercial river 

  Fig. 5.4    Arrangement for catching the Beluga sturgeon ( Huso huso ) at the Iron Gate. (From Luigi 
Ferdinando Marsigli’s ‘ Danubius Pannonico-Mysicus etc. ’, Volume 4, Amsterdam 1726; © 
Niederösterreichische Landesbibliothek, Topographische Sammlung)       

 



116 V. Winiwarter et al.

 fi sheries in Austria no longer exist. A combination of habitat change in the river due 
to channelisation and power plant building with pollution and changed consumption 
habits has led to their demise (Haidvogl  2010  ) .  

    5.4   Changes to the Danube River Basin Since 
Industrialisation 

 While we have no quantitative information on pre-industrial use of the Danube 
for drinking water, currently about ten million people on the upper Danube get 
their drinking water from the river. Protection of its water quality is imperative 
for the further sustainable development of these urban areas, such as Ulm or Passau. 
All other uses of the river are to some degree of con fl ict with its use as a source of 
potable water. 

 The most visible difference between pre-industrial and industrial interventions 
into rivers is the new arrangement of the power plant. An overview of those nations 
which procure electricity from the Danube renders the political aspect of arrange-
ments immediately visible: Germany, Austria, Slovakia, Serbia and Romania, all 
of whom control both banks, have built power plants. The Gabcikovo dam was 
 fi nished by Slovakia in 1996, its Hungarian counterpart Nagymaros was impeded 
in 1984 by the environmental and anti-communist ‘Danube circle’ (Duna Kör). 
Croatia, Bulgaria and Moldova, controlling only one bank, have not built power 
plants. The Danube’s uppermost stretch in Germany is too small to produce size-
able amounts of energy, nevertheless it has also been dammed by several small 
power plants. We have stated above that the extent of control via practices that is 
necessary to harvest exergy is proportional to the exergy density of the arrange-
ment. On the upper Danube and its tributaries it was already possible to build 
power plants in the nineteenth and early twentieth centuries, because the harvest-
able exergy was low. Austria started building power plants on the Danube between 
the two world wars. The  fi rst plant to be brought on line, Ybbs-Persenbeug, was 
initiated by the national-socialist regime and was  fi nished only in 1959. To date, 
about 60 % of Austria’s electricity needs are met by hydropower, largely from the 
Danube and its tributaries. The largest of the Danube’s power plants, however, was 
built at the Iron Gate from 1964 to 1972 (Iron Gate I), and a smaller one (Iron Gate 
II) was completed in 1984, both in a co-operative effort by the former Yugoslavia 
and Romania. 

 Each power plant is a complete blockage of the river and a powerful intervention 
into its nature. Power plants not only keep migrating  fi sh species such as the anadro-
mous Beluga sturgeon from reaching spawning grounds upstream and hence endan-
ger their survival, they also block sediment transport, which leads to deepening and 
pothole formation on the bottom. A series of power plants changes the river habitat 
profoundly. In addition to blocking the connection along the  fl ow, the lower velocity 
of the river water means that fast-moving water-dependent (rheophilic)  fi sh species 
lose their habitat. The lower  fl ow velocity also leads to a warming up of the water, 
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which then becomes  fi t for other (invasive) species, which potentially endanger 
endemic species. Lastly, the changed river bottom – covered with  fi ne silt rather 
than with rolling gravel, provides no spawning grounds for the  fi shes of the unregu-
lated, undammed river of pre-industrial times. What used to be one of the most 
diverse freshwater habitats is nowadays often dominated by hatched species added 
to the Danube for the bene fi t of sport angling (Haidvogl  2010  ) . 

 Two driving forces dominate the Danube and its further transformation today: 
Power generation and long-distance mass transport. Interest, and hence percep-
tion, practices and arrangements have shifted from the nutrient-carrying abilities 
of the river and the use of fertile  fl oodplains to the use of its energy in power 
plants. Banks are steep, secured with stones. Groynes and dikes along the river 
secure a stabilised difference between land and water, allowing ever bigger ships 
to use the river for transportation. Harbours are built with concrete. The large 
harbour structures needed for big ships are built at sizeable distances from each 
other, so that most of the settlements along the river have lost contact with the 
Danube, ships pass by rather than land for an exchange of goods (Haidvogl and 
Gingrich  2010  ) . Meanwhile, tourism along the river  fl ourishes, and boats of vari-
ous sizes travel up and down the stream, selling views of the few picturesque 
tracts such as the Austrian Wachau. 

 Similar stories of profound changes to the river can be told for the Delta region, 
a European hotspot of biodiversity and a socio-natural site by no means untouched 
by human practices. The Danube-Black Sea Canal through the Dobruja south of the 
Delta reduces the distance by boat from Cernavoda to Constanta by almost 350 km. 
After more than 100 years of planning, international negotiations and modi fi cations 
of plans due to changed political circumstances, the Romanian government decided 
in 1949 to build a canal using forced labour. While the labour camps proved 
disastrous – another incidence of arrangements creating practices beyond human 
capabilities – the project could not be completed. It was restarted in 1978 by Nicolae 
Ceausescu. The southern arm was completed in 1984 and the northern arm was 
inaugurated in 1987 (Turnock  1986  ) . The Canal is also one example in which the 
Cold War history of the Danube becomes apparent, having provided political 
motivation for profound changes in the river. 

 Industrial society, with the force of fossil energy it commands, has led to all-
embracing change to the Danube, with consequent losses of species and an ever 
more pressing need to invest in the stabilisation of the river. More and more infra-
structure was built close to the river,  fl oodplains were seen as secure enough to 
build expensive infrastructure upon them, and only since the 1970s, some change 
in human interaction with the river has taken place. A case in point is the new 
Machland dam: The Machland, the alluvial  fl oodplain upstream of one of the 
gorges in Austria already discussed above, has been fundamentally transformed by 
two power plants, Wallsee-Mitterkirchen upstream and Ybbs-Persenbeug down-
stream of the region (see Figs.  5.1  and  5.2f ). Today, most parts of the  fl oodplains 
adjacent to the Danube in the Machland are used as polders for  fl ood retention, 
with water bodies showing water levels below the backed-up water table of the 
Danube. Pumping stations are necessary to pump the in fl ow of tributaries from the 
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polders out into the Danube. This environmental history of the Machland continues 
to be transformative. In the late twentieth century,  fl ood protection levees were 
built to shelter settlements in the southeastern former  fl oodplain. Currently a large 
dam of more than 36 km in length is under construction, several kilometres away 
from the river to the north; all villages in the  fl oodplain, between the newly built 
dam and the channelled river, have been razed to the ground and people have been 
relocated to safer ground. This dam construction is the outcome of a new policy of 
co-existence: The river is given more room to move and  fl oods can spread out over 
larger areas. 

 Vienna, capital of Austria and the former Habsburg Empire and one of nine 
national capitals in the Danube basin today, is an example for the riverscape’s fun-
damental transformation as part of an urban agglomeration. Vienna exhibited a 
sharp population increase in particular during the second half of the nineteenth cen-
tury; population  fi gures grew from some 250,000 around 1820 to half a million in 
the mid-nineteenth century. In 1910 already more than two million people lived in 
Vienna (cp. Krausmann, Chap.   11     in this volume). The growing city urgently needed 
settlement areas and the process commonly termed industrialisation increased the 
demand for space as industrial and commercial areas had to be made available. 
After a long and contested debate between river engineers, municipal authorities 
and the imperial administration, the Great Viennese Danube regulation was accom-
plished between 1870 and 1875. Similar to other Austrian Danube sections, the 
main objective of these measures was to improve navigation, as the Danube remained 
the most important trading route for the city in the late nineteenth century. But  fl ood 
protection was an additional important motive for reshaping the river. A new chan-
nel was excavated, con fi ned by  fl ood protection dykes, and after its completion 
the river was moved into an arti fi cial bed. New settlement areas became available in 
the now  fl ood-free former  fl oodplains which had been, with few exceptions such as the 
villages of Leopoldstadt and Rossau already mentioned, almost unpopulated until 
the mid-nineteenth century. Since the 1860s, the value of these new land resources 
had been recognised and discussed by both water engineers and planners and from 
the 1870s onwards, the former Viennese Danube  fl oodplains were rapidly and 
densely populated in several phases of urban expansion. Between 1888 and 1918, 
when Vienna reached its highest recorded population, the districts on the former 
 fl oodplains showed the highest population growth rates in the metropolis. 

 This urban expansion of Vienna was only possible due to new types of arrange-
ments such as the new Danube channel,  fl ood protection dykes, a special  fl ood 
channel and weirs to keep the  fl oodplains free of water. Late-nineteenth century 
river engineers and urban planners set a course which could not and cannot be 
diverged from. Although programmes and practices of  fl ood protection changed 
again in the late twentieth century, the arrangements from the period of promoterism 
still have to be maintained and adapted by municipal authorities in cities like Vienna. 
The Great Regulation of the Viennese Danube is but one example of the legacies 
from past practices in dealing with river dynamics. The arrangements we have 
inherited from our ancestors determine the scope of options we have in the present 
when dealing with the river.  

http://dx.doi.org/10.1007/978-94-007-1177-8_11
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    5.5   Conclusions 

 Long-term socio-ecological research, LTSER, was developed from long-term 
ecological research, taking into account that the study of landscapes and sites where 
human intervention has taken place and continues to take place is important for 
planning a sustainable future (Haberl et al.  2006  ) . Environmental history, with its 
conceptual basis and ability to integrate natural sciences and humanities, that is, to 
integrate research on the impact of human interventions with that on the reasons for 
such interventions, is ideally suited to provide the LTSER community with long-
term case studies which allow management decisions to be based on the  fi rm ground 
of historical knowledge. 

 In most cases, the past is not discovered through violent and spectacular events, 
although these occur and are documented in the written record: A great earthquake 
happened near Petrovaradin in 1726, which, so an English newspaper paper reported, 
split a mountain in two, and parts of it fell into the Danube. Vineyards and roads 
were ruined, and several ship mills which had sunk decades earlier were lifted to the 
surface. 7  Most often, historians recover the past by putting evidence together bit by 
bit and carefully scrutinizing it for the biases it might contain. Such work, we argue, 
is necessary and useful for planning the future. Data on historic sturgeon catches 
allow estimates to be made of the distribution and stocks of these  fi shes prior to 
overexploitation and barrage-induced demise. Such information is needed for 
management plans. Using the concept of socio-natural sites, the conditionality of 
possible practices on a sustainable set of arrangements becomes clearly visible and 
can serve as the basis for planners, who should ask about the fate of humans in the 
arrangements they propose to harvest the Danube’s exergy. 

 Since industrialisation, the amount of exergy harvestable from arrangements 
has increased by orders of magnitude, for which the difference between an early 
modern ship mill and a power plant can serve as an example. But the societal and 
ecological risks from controlling these exergy-dense arrangements have also 
increased, as we proposed at the outset of this chapter. The higher the extent of 
exergy which needs to be controlled in an arrangement, the more likely is the 
deterioration of such an arrangement, and therefore, the more likely is the produc-
tion of potentially harmful legacies and their long-lasting effects. None of the 
arrangements built with fossil fuels can be maintained inde fi nitely, neither power 
plants, nor large scale  fl ood protection dykes. A sustainable society based on 
renewable energy will have to deal with the legacies from exergy-dense arrange-
ments. Only in a long-term perspective, including history and covering at least 
centuries, does the profound difference between pre-industrial and industrial 
arrangements become clearly visible. 

 With contributions from environmental history, LTSER extends its temporal 
scope signi fi cantly. Every historical approach points to the decisive role of politics 

   7    Daily Courant  (London, England), Wednesday, November 30, 1726; Issue 7839;  London Journal  
(London, England), Saturday, December 3, 1726; Issue CCCLXXXIII.  
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in the transformation of our sites of research, whether we call them “socio-ecological” 
or “socio-natural”. The Danube has been a theatre of war for centuries or even 
millennia. We are just starting to assess the effects of war, of war-induced use 
and abuse, of exploitation and overexploitation of resources in  fl uvial landscapes. 
The Danube was a formidable barrier and hence, a battle site. But every river also 
forms a longitudinal continuum, linking the riparian societies to each other and 
forcing them to cooperate. 

 With the European Water Framework Directive, an ecologically sound, natural 
state of rivers has been de fi ned as the goal for 2015. The Danube has not been natural 
for at least the past 300 years, although most interventions were of limited scale and 
only seldom (as in the near extinction of  Huso huso ) as profound as they are today. 
Historians can point to the choices society has to make. We can try to offer the 
Danube the space it took in 1715 in the Machland, but this means having to relocate 
people. The Danube has a ‘memory’ for previous interventions, and its current 
behaviour is in fl uenced by them. Knowing this, we should base management 
decisions on much longer data sets. Knowing the history of side-effects, we might 
be able to abate them in the future. Looking into the pre-industrial past might allow 
us a glimpse of the post-fossil fuel age which is inevitable, preparing us for a new 
regime of interaction with the dynamic Danube.      
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  Abstract   One challenge in the implementation of Long-Term Socio-Ecological 
Research (LTSER) is the consideration of relevant spatial and temporal scales. 
Mismatches between the scale(s) on which biodiversity is monitored and analysed, 
the scale(s) on which biodiversity is managed, and the scale(s) on which conservation 
policies are implemented have been identi fi ed as major obstacles towards halting 
or reducing biodiversity loss. Based on a meta-analysis of 18 biodiversity studies 
and a literature review, we discuss here a set of methods suitable to bridge the 
various scales of socio-ecological systems. For LTSER, multifunctionality of 
landscapes provides an inevitable link between natural and social sciences. 
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Upscaling approaches from small-scale domains of classical long-term biodiversity 
research to the broad landscape scale include landscape metrics and spatial model-
ling. Multidisciplinary, integrated models are tools not only for linking disciplines 
but also for bridging scales. Models that are capable of analysing societal impacts 
on landscapes are particularly suitable for interdisciplinary biodiversity research. 
The involvement of stakeholders should be an integral part of these methods in 
order to minimise con fl icts over local and regional management interventions 
implementing broad-scale policies. Participatory approaches allow the linkages 
between the speci fi c scale domains of biodiversity, its management and policies.  

  Keywords   Biodiversity  •  Conservation  •  Management  •  Environmental policy  •  Long 
term ecological research  •  Long term socio-ecological research  •  Scale   • Scale 
mismatch   • Cross-scale interaction      

    6.1   Introduction 

 Slowing down human-induced biodiversity loss is a prominent target of current 
sustainability policies. The World Summit on Sustainable Development and the 
Convention on Biodiversity aimed to signi fi cantly reduce the rate of biodiversity 
loss by the year 2010 (CBD  2003  ) . In its 6th environmental action programme 
issued in 2002, the European Union formulated the goal to halt the loss of biodiversity 
by 2010 (EEA  2007  ) . These targets were not achieved. Progress towards reaching 
new targets will require a better understanding of the pressures on biodiversity and 
the socioeconomic drivers associated with them, in addition to the ongoing efforts 
of biologists to document trends and patterns of biological diversity (Haberl et al. 
 2007  ) . Effective policies to slow down the loss of biodiversity therefore need to be 
based on an improved understanding of the interactions between socioeconomic 
and natural systems that result, inter alia, in the currently observed trend of biodi-
versity loss. Such a knowledge basis can help to realise the proposal to “mainstream 
biodiversity protection within the political processes by transforming scienti fi c 
insights regarding pressure sources into criteria applicable in decision-making” 
(Spangenberg  2007 , p. 149) – in other words to redirect social and economic 
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trajectories in a more biodiversity-friendly direction. As many of these processes 
are slow (e.g. Fischer-Kowalski and Haberl  2007  ) , analyses must cover suf fi ciently 
long periods of time to be useful. There is, therefore, a need for long-term socio-
ecological research or LTSER (Haberl et al.  2006 ; Redman et al.  2004 ; Mirtl et al. 
 2009 ; Mirtl  2010 ; Singh et al.  2010  ) . 

 One particular challenge within the endeavour of establishing such a long-term 
research infrastructure is the issue of scale (Redman et al.  2004 ; Haberl et al.  2006 ; 
Mirtl  2010  )  which, according to Gibson et al.  (  2000  ) , is de fi ned as “the spatial, 
temporal, quantitative, or analytical dimensions used to measure and study any 
phenomenon”. The crucial role of spatial and temporal scale for natural processes 
and patterns has long been recognised (Wiens  1989 ; Levin  1992 ; Peterson and 
Parker  1998  ) . The issue is particularly critical when dealing with biodiversity 
(Tilman and Kareiva  1997 ; Yoccoz et al.  2001 ; Leibold et al.  2004 ; Rahbek  2005  ) . 
For that reason this paper uses biodiversity as trigger for analysing the importance 
of scaling issues for LTSER. The explicit consideration of scaling issues by social 
scientists is a rather novel phenomenon, but its importance is increasingly recognised 
(Wilbanks and Kates  1999 ; Cash and Moser  2000 ; Gibson et al.  2000 ; Giampietro 
 2004 ; Vermaat et al.  2005  ) . Mismatches between the scale(s) on which ecological 
processes are observed and analysed, the scale(s) on which these processes are 
managed, and the scale(s) on which environmental policies are implemented have 
been identi fi ed as major obstacles towards nature conservation (MEA  2005 ; 
Carpenter et al.  2006 ; Cumming et al.  2006  ) . 

 Most often ecological and social processes operate at a wide variety of scales or 
levels and cross-scale/level interactions occur frequently (Cash and Moser  2000 ; 
MEA  2003 ; Cash et al.  2006  ) . Therefore, integrated research needs to be conducted 
at appropriate scales and levels so that ef fi cient and goal-oriented political and 
management support can be provided. However, ecological and socioeconomic 
research and monitoring methods often do not match in terms of spatial and tempo-
ral scale (Carpenter et al.  2006 ; Cumming et al.  2006  ) . This chapter proposes a suite 
of methods which might be useful in bridging the relevant spatial and temporal 
scales in LTSER, thus complementing previous work aimed at the conceptualisation 
of this emerging research  fi eld (Haberl et al.  2006 ; Redman et al.  2004 ; Singh et al. 
 2010  ) . This review is the result of a workshop (15th–16th May 2006, Vienna, 
Austria) attended by a team of natural and social scientists of various disciplines 
during which 18 case studies of European biodiversity research were discussed and 
evaluated (Dirnböck et al.  2008  ) .  

    6.2   Scale in Interdisciplinary Approaches 

   The treatment of scale in scienti fi c disciplines has been complicated by differences 
in the subject of study, conceptual background, and the approaches in data acquisition 
rather than by different de fi nitions of scale (Gibson et al.  2000 ; Vermaat et al.  2005  ) . 

  Differences in the subject of study : Political science and economics are primarily 
concerned with human decision-making on different levels. These disciplines focus 
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on agents and their behaviour, e.g. conservation area managers, local environmental 
administrators or environmental ministry personnel (Gezon and Paulson  2004  ) . 
These agents may or may not be directly related to a speci fi c spatial unit of ecologi-
cal research, like biomes, habitats or species populations (Wiens  1989  ) . On the 
other hand, ecology and geography are mostly concerned with processes and evolv-
ing patterns, the spatial resolution and extent of which may not be directly related to 
any relevant level of human decision-making (Levin  1992  ) . While the concepts of 
scales and levels are not necessarily perceived differently, different subjects of study 
may still lead to mismatches in joint research. 

  Differences in the conceptual background : The problem of scale also arises from 
different thematic foci in different disciplines. Economics is primarily concerned with 
aspects of allocative ef fi ciency, i.e. how to allocate available resources in order to 
maximise some desired output (for instance the maximisation of conserved species 
subject to a budget constraint, e.g. Ando et al.  1998  ) . While this is, of course, to a 
certain extent dependent on spatial aspects, the spatial distribution of the allocation 
itself is not of major interest. In contrast, in ecology the emerging spatial patterns and 
interactions between processes occurring on different scales are often the primary 
focus of research, while less attention is often paid to the aggregated outcome (Levin 
 1992  ) . Only recently have spatial aspects become an important research topic in eco-
nomics concerned with biodiversity conservation (Wätzold and Drechsler  2005  ) . 

  Differences in the data availability : Some disciplinary preferences for certain 
scales can also be explained by data availability. For example, human geography, 
economics and political sciences rely heavily on of fi cial statistics and census data 
referring to areas delineated by de fi ned administrative boundaries such as munici-
palities, districts, provinces or nation states (Liverman et al.  1998  ) . Their analyses 
are primarily focused on those spatial units and related levels of decision-making. On 
the other hand, the spatial resolution of many ecological and biogeophysical research 
approaches is determined by the observation technology, which can be a  fi eld survey 
technique or the available land cover data (Wiens  1989 ; Vermaat et al.  2005  ) . 

    6.2.1   What Can We Learn from the Case Studies? 

 Details of the analysis of the 18 case studies are presented in Dirnböck et al.  (  2008  ) . 
We surveyed studies concerned with major threats for biodiversity such as climate 
and land use changes, eutrophication due to excess nitrogen deposition, and the 
invasion of alien plants. Scale matches are surveyed between (1) biodiversity, under-
stood as “the variability among living organisms, including diversity within species, 
between species and of ecosystems” (Article 2 of the Convention on Biological 
Diversity), (2) biodiversity management, i.e. the various types of local human inter-
ventions in the ecosystem, and (3) biodiversity-relevant policy, its goals and targets 
as well as its speci fi c instruments (see Cash and Moser  2000  for a similar structure). 
We further highlight monitoring, research and evaluation acting upon each of these 
parts because these activities are essential to help societies in mitigating their pres-
sures on biodiversity. We then use the criteria and de fi nitions summarised in Table  6.1  
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to identify scale mismatches. For each case study and for each aspect of biodiversity 
surveyed, management and policy spatial and temporal scale domains are de fi ned 
by personal judgement. These domains were then compared with the spatial and 
temporal scales of the indicators used in the respective study.  

 Our analysis revealed that scale mismatches result from disregarding the 
importance of the scale issue. None of the 18 studies succeeded in taking all relevant 
scales into account. Often the focus was on one end of the scale range. For example, 
landscape scale processes of plant or animal populations are often neglected when 
the focus is on local scale dynamics. In these cases, the scales and levels most 
relevant for management and biodiversity-relevant policies are also disregarded, as 
they are rather expressed at the landscape and even broader scales. In many case 
studies, the variety of scales at which biodiversity-relevant policies are implemented 
are ignored or wrongly addressed. This is often true for local and regional research 
projects. Owing to their nested design, many European-level research studies 
succeeded in taking the multi-scale nature of policies into account more carefully 
by embedding regional case studies in a broader context. 

 Long-term biodiversity research is still very rare. Knowledge and data on the 
long-term consequences of management interventions and policies are thus still 
very limited. The relevant scales of management and of policy are therefore often 
not addressed. 

 The following example illustrates a disregard of the highly relevant long-term 
scale: An extensive and costly experimental study was carried out in the UK, the 
farm-scale evaluation (FSE), in order to assess the effects of differences in the 
management – especially the type of herbicides used and the timing of their 
application – of conventional and genetically modi fi ed herbicide-tolerant crops on 
the diversity and abundance of plants and invertebrates (Firbank et al.  2003  ) . 
In general, the study demonstrated a series of direct or indirect effects. Notably, 
various discussion papers appeared with some of them explicitly criticising the 
limited usefulness of FSE due to neglected temporal and spatial scales: “The most 
serious limitation of the FSE from the standpoint of public policy is that the study 
has no predictive component. Forecasts of the likely impacts on biodiversity 10, 20, 
or even 50 years into the future and at a landscape scale are needed if policy 
decisions are to be made. However, the FSE was not designed with the goal of 
estimating parameters for the development of predictive models, but was tied to a 
rather narrow hypothesis test and constrained to a  fi eld scale. Therefore, the current 
results are inadequate to make long-term policy evaluations” (Freckleton et al.  2003  ) . 
The case studies highlight that scienti fi c support at relevant scales is particularly 
limited for biodiversity-relevant policies and, to a lesser extent, for management. 
Biodiversity research is still dominated by natural sciences with its speci fi c scales of 
research. In fact, the scale of management is often closer to the one of most biodiver-
sity research. Though exceptions exist, in many case studies, social, economic and 
political topics are merely accessory matters lacking empirical consideration. 

 The following example of spatial scale mismatches was particularly striking: The 
invasion of the alien plant  Rhododendron ponticum  in the UK, which causes consid-
erable conservation problems, provides a good illustration of scale mismatches 
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between the plant’s spatial ecology and the methods and policies available to control 
it. The spatial dynamics of the plant’s invasion are driven largely by the scale of seed 
dispersal and the pattern of habitat available for germination (e.g. Stephenson et al. 
 2006  ) . Patterns of dispersal and habitat availability at a  fi ne resolution (perhaps 
measured in metres) can potentially determine the rate of spread of the population at 
a local or landscape scale. Methods for controlling the plant are well-developed and, 
when properly implemented, are effective. However, a lack of understanding of the 
spatial dynamics of the plants means that effective control over a spatial extent is 
often poor. This is already a problem within an area managed by a single landowner 
but becomes even more problematic when an infestation of  Rhododendron  occurs 
over a matrix of different estates owned by numerous individuals. Coordination of 
control activities at a local or a landscape scale is required for successful spa-
tially-extended control, but this very rarely takes place. A greater understanding 
of the economic impacts of  Rhododendron  in a spatial context, including external 
costs associated with the probabilities that the plant spreads from one estate to 
another (Dehnen-Schmutz et al.  2004  )  will be helpful in encouraging a change in 
practice at regional scales. At the policy level, either at county, national or EU 
scale, a better strategic appreciation of the spatial nature of the problem would 
help. Currently, much of the funding for control is provided on an ad hoc basis, 
and there are only infrequent attempts to effectively control  Rhododendron  at a 
landscape or regional scale. 

 Last but not least, cross-scale interactions were considered rather super fi cially in 
the 18 case studies surveyed.   

    6.3   Towards Scale Explicit LTSER 

 Much has been written about the concept and treatment of scale in different ecological 
disciplines (Wiens  1989 ; Levin  1992 ; Tilman and Kareiva  1997 ; Peterson and 
Parker  1998  ) . Gibson et al.  (  2000  )  and Vermaat et al.  (  2005  )  presented reviews of 
the treatment of scale in ecological economics and related  fi elds. LTSER is concerned 
with the integrated, interdisciplinary analysis of socio-ecological systems. 

 The case studies analysed (Dirnböck et al.  2008  )  exemplify that ecological 
research often misses the broader scales at which social science can be linked to 
ecological research in order to provide useful support for biodiversity managers and 
policy makers. For LTSER, the landscape provides an inevitable link between 
natural and social science, since its structure and processes are the variable outcome 
of the interplay of nature and society (Haberl et al.  2006  ) . The landscape therefore 
integrates several scales of this interaction (Farina  2000 ; Naveh  2000a,   b  ) . Biodiversity 
too, is strongly in fl uenced by processes and structures of landscapes (Leibold et al. 
 2004  ) . The concept of LTSER advocates long-term research as many ecological and 
social processes are inherently slow. However, the case studies also illustrate that 
long-term – particularly interdisciplinary – research is still very rare (Dirnböck et al. 
 2008  ) . Long-term landscape scale research will be a key focus in most LTSER 



130 T. Dirnböck et al.

platforms and innovative meta-analysis methods will be needed to analyse and 
interpret results across the LTSER network. 

    6.3.1   Up-Scaling Ecological Processes 

 Long-term ecological experiments and monitoring still provide the most reliable 
information on ecological processes and are indispensable for evaluating modelling 
results and improving model structure (Rees et al.  2001 ; Rastetter et al.  2003  ) . 
Therefore, they remain a necessary complement within any other strategy for 
bridging the spatial and temporal scales needed in interdisciplinary LTSER. 

 One set of methods that can help in scaling ecological processes has emerged 
in the last decades within landscape ecology, a research  fi eld of largely natural-
scienti fi c origin. Landscape ecology examines the relationships between landscape 
patterns and ecological processes (Forman and Godron  1986 ; Turner  1989 ; 
Gustafson  1998  ) , using landscape metrics to quantify and describe characteristics 
of the landscape structure (   Gustafson  1998  ) . Many of the indicators used in land-
scape-ecological analyses refer to abstract holistic features of the landscape, such as 
heterogeneity, diversity, complexity, or fragmentation. The purpose of landscape 
metrics is to obtain sets of quantitative data that allow a more objective comparison 
of different landscapes (Gustafson  1998 ; Antrop  2000  ) . The question of scale with 
reference to resolution and extent is very important for the calculation of many 
landscape metrics (Meentemeyer and Box  1987 ; Cullinan and Thomas  1992 ; 
O’Neill et al.  1996  ) . Vos et al.  (  2001  )  proposed a framework of ecologically scaled 
landscape indices (ELSIs) that take the different behaviour of species into account. 
A combination of ELSIs and ecological species pro fi les is used to facilitate this 
concept in practice. Other approaches are to identify species-speci fi c and scale-
speci fi c thresholds of indices for assessing the effect of, for example, habitat frag-
mentation on the survival of species (Tischendorf and Fahrig  2000  ) . 

 Ecological modelling approaches have been developed using theoretical frame-
works such as the species-area-relationship, which predicts that species diversity 
increases with increasing area availability, to model diversity at the landscape scale 
(Pereira and Daily  2006  ) . Another widely applied technique in this context is habitat 
distribution modelling, which uses an array of spatial environmental data in order to 
predict species and/or diversity (Guisan and Zimmermann  2000  ) . Both techniques 
have been applied successfully. They lack signi fi cant determinants of species diver-
sity, however, such as the dispersal of species in fragmented landscapes, which are 
particularly crucial when effects of environmental change are to be investigated 
(Ibáñez et al.  2006  ) . 

 Population Viability Analysis (PVA) is used to gain better insights into the mech-
anisms which drive diversity by combining life-history data, demographic and 
sometimes genetic data and data on environmental variability. PVA predicts the 
probability that a plant or animal population will persist for a given period of time 
in a given area with a given setting of suitable habitats (habitats where a species can 
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potentially survive). Spatially-explicit PVA’s have been used for just over 10 years 
(Akcakaya et al.  1995  ) , and their use is becoming increasingly common (Akcakaya 
et al.  2004  ) . Typically, they use GIS technology to create maps of suitable breeding 
and dispersal habitat for the target species. A stochastic population model then 
sits on top of the GIS-created matrix and is run to assess the probability that the 
population persists in a given landscape. Once one moves to a spatial PVA, however, 
dispersal becomes crucial, and both the rate at which individuals disperse and the 
spatial scale of movement emerge as vital parameters. Provided that spatial data 
about the distribution of habitats is available, PVA can be applied to relatively large 
spatial scales. Interactions can be analysed between different environmental changes. 
For example range shifts of species resulting from climate change are predicted 
in that way. The migration process can be limited by a lack of suitable habitats in 
highly fragmented landscapes so that the species potentially becomes extinct due to 
the synergetic interaction of both forces (Travis  2003  ) . PVA is thus a promising tool 
for evaluating such processes at the landscape scale, i.e. at the scale at which it can 
be linked to policy instruments and management. So far, however, these tools exist 
only for a limited number of taxonomic groups and species.  

    6.3.2   Developing Multidisciplinary Modelling Approaches 
for Bridging Scales 

 A key future task in LTSER will be to combine, or even explicitly couple, spatio-
temporal modelling approaches already developed for disciplinary studies. This 
will not be trivial due to different predominant scale domains of biodiversity, 
management and policies. Taking for example the con fl ict between game manage-
ment and raptor conservation (Thirgood and Redpath  2005 ; Dirnböck et al.  2008 : 
case study 2). Raptors are scarce and legally protected, but at the same time 
threaten the livelihoods of gamekeepers and economic returns for private estates. 
This con fl ict covers a number of scales and resolutions. An ecological model of 
the dynamics of the predator and the prey may be built at a resolution set to the 
size of a single raptor’s territory. An economic approach may be set at the resolution 
of a private estate, which could encompass a number of predator territories. An 
agent-based model could be set at a regional scale at which the gamekeepers inter-
act. All of these scales and levels are subject to the legal-political framework that 
operates at a national or even international scale. 

 Methods to tackle scale issues in integrated land system analyses are still in 
their infancy (Liverman et al.  1998 ; Haberl et al.  2006 ; Young et al.  2006  ) . The 
most promising approach in model integration – at least for a site-based LTSER 
network – is a nested structure of various models working at different scales 
(Schröter et al.  2005 ; Reidsma et al.  2006  ) . Broad-scale models, e.g. international 
trade models and macroeconomic models (Edenhofer et al.  2005  )  should provide 
the general background against which regional and local decisions and actions are 
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analysed. An international trade model, for instance, would de fi ne the regional and 
local level of food and energy demand, which is a crucial determinant of land-use 
changes and,  fi nally, landscape structure and processes. To make the processes at 
different levels more consistent, these models can be used in an iterative way by 
feeding inputs and outputs back and forth (Root and Schneider  2002  ) . Of course, 
not all real-world feedback mechanisms can be considered. Depending on the 
complexity of the models, coupled modelling systems may not always converge on 
a unique solution and results from different models may not be consistent. 

 One of the major problems is data availability across different scale domains. 
As mentioned, many disciplines have, for good reasons, developed tools and models 
around the available data. Modelling paradigms may also in fl uence the degree of 
complexity in terms of spatial resolution. For instance, dynamic optimisation models 
in economics are constructed at a rather aggregated level, in order to allow for 
solutions at reasonable computational costs. These models are usually less detailed 
in terms of spatial, temporal and institutional resolution than climate or hydrological 
models. The properties and the challenges of integrated modelling have been 
summarised by the SustainabilityA-Test  (  2010  )  EU project. Wätzold et al.  (  2006  )  
and Drechsler et al.  (  2007  )  give a general discussion of challenges of ecological-
economic modelling including scale issues. 

 Approaches and models that are capable of analysing society’s impacts on land-
scape structure and processes are particularly relevant for interdisciplinary biodiver-
sity research. The socioeconomic metabolism approach, pioneered in the 1970s 
(Boulding  1973 ; Ayres and Kneese  1969  ) , analyses society’s stocks and  fl ows of 
materials, energy or substances (e.g., carbon, nitrogen, lead, copper). These  fl ows 
are thought to be simultaneously in fl uenced by biogeophysical patterns and pro-
cesses including climate, geomorphology, soils, and biota on the one hand, and by 
social interactions and relations such as economic transactions, power relations, 
legal and political frameworks on the other hand. This “double compatibility” 
towards ecological and socioeconomic models and data enables the socioeconomic 
metabolism approach to establish a link between socioeconomic variables and bio-
physical patterns and processes, with both groups characterised by their predomi-
nant scales (Haberl et al.  2004  ) . While some accounting systems derived from the 
metabolism approach such as Material Flow Analysis (MFA) are mostly applied on 
national, provincial or municipal scales, others such as the human appropriation of 
net primary production (HANPP) can also deliver spatially explicit data (maps). 
GIS techniques enable us to calculate HANPP with the resolution that satellite 
imagery or aerial photography allow (Haberl et al.  2001 ; Wrbka et al.  2004  ) . Other 
land-use related indicators, e.g., indicators relating to carbon stocks or nitrogen 
 fl ows, could also be calculated using the socioeconomic metabolism approach on 
any spatial scale for which land-use and land-cover data with suf fi cient resolution 
can be generated (Erb  2004  ) . Ultimately, by combining tools to analyse ecological 
material and energy  fl ows (e.g., biogeochemical process models) with socioeco-
nomic metabolism studies would allow the study of the respective effects of natural 
and socioeconomic drivers on patterns and processes in integrated socio-ecological 
systems (Haberl et al.  2006  ) . 
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 Researchers increasingly use models that combine agent-based modules that 
simulate decisions of and interactions between agents of land use as well as bio-
physical stocks and  fl ows (Axtell et al.  2002 ; Janssen  2004 ; Manson and Evans  2007 ; 
Gaube et al.  2009  ) . Agents are not only individuals, but also social or economic 
units such as farmsteads or households. In these models the behaviour of agents 
depends not only on natural, social, economic or political factors, but also on the 
behaviour of other agents. The agent’s decisions may have important biophysical 
effects like changes in land use and these changes may also feed back on agents and 
modify their behaviour. Currently, these models are being explored mostly on local 
to regional scales and are thus readily suitable for LTSER platforms. Nevertheless, 
modellers are aware that processes on broader scales may critically affect trajectories. 
Such models could be coupled to larger-scale models and help to develop dynamic 
multi-scale approaches that would allow us to analyse scale interactions much more 
comprehensively (Janssen and Ostrom  2006  ) .  

    6.3.3   Implementing the Scales of Decision Making 
of Management and Policies 

 It is widely recognised that key stakeholder groups should participate in decision-
making, especially when these decisions have an impact on stakeholder economic 
or social well-being (Western and Wright  1994 ; Dirnböck et al.  2008 : case studies 
2 and 3). The latter case often arises when common goods like biodiversity are to be 
conserved locally. Participatory approaches have been developed to address this 
issue. One way of assessing the acceptability of different management options is to 
quantify the views of stakeholders through the use of a variety of Multicriteria 
Analyses (Edwards-Jones et al.  2000  ) . Such approaches have been used to assess 
the management of human-wildlife con fl icts (Redpath et al.  2004  ) . In the manage-
ment of biodiversity con fl icts, the general principle of quantifying the perceptions 
of stakeholders as a means of searching for acceptable solutions has broad relevance 
(Conover  2002  ) .   

    6.4   Discussion and Conclusions 

 Policy-relevant interdisciplinary biodiversity research is still in its infancy. The 
ideal case of long-term inter- and transdisciplinary research tackling all relevant 
scales of biodiversity, its management and biodiversity-relevant policies has so far 
been elusive (Dirnböck et al.  2008  ) . A major reason is probably the disciplinary 
focus in education and research and, hence, the lack of appropriate interdisciplin-
ary theories, methods and expertise (see Furman and Peltola, Chap.   18     in this 
volume). In biological conservation, to date we are confronted with a patchwork 
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of studies, which have generated a growing number of results covering important 
issues but often lack usefulness for effective management of biodiversity and 
goal-oriented political decision making (MEA  2005 ; Carpenter et al.  2006 ; 
Spangenberg  2007  ) . 

 The future of LTSER in the European LTER network – most probably in analogy 
with other international efforts towards LTSER – will be based on existing LTER 
infrastructure and thus confronted with exactly the described situation of many dis-
ciplinary studies which can not be integrated straightforward into interdisciplinary 
efforts (Haberl et al.  2006 ; Singh et al.  2010 ; Mirtl et al.  2009 ; Mirtl  2010  ) . 
Mismatches in the scales taken into account in disciplinary studies are but one 
reason. Gaps with regard to relevant scales, which become apparent when screening 
existing studies in the area of a LTSER platform, should be addressed by a scale-
explicit research agenda. Such an agenda will be most effective when including the 
participation of stakeholders from different scale domains. Studies at the regional 
scale of LTSER platforms could then be systematically integrated into large-scale 
modelling exercises or metaanalyses. We hope that the proposed methods and 
approaches, which are the result of discussions among researchers from a variety of 
natural and social science disciplines, can pave the way towards scale-explicit 
LTSER.      
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  Abstract   Human biohistory is learning about human situations against the back-
ground of the story of life on Earth. One of its key features is recognition that the 
evolutionary emergence of the human capacity for culture was one of the great 
watersheds in the history of life. Human culture has become a new kind of force in 
the biosphere – with profound and far reaching impacts not only on humans them-
selves but also on the rest of the living world. The chapter brie fl y discusses some 
important biohistorical principles, including cultural maladaptation and cultural 
reform, technoaddiction and the evolutionary health principle. Cultural evolution 
has recently resulted in patterns of human activity across the globe of a magnitude 
and of a kind that are unsustainable. If present trends continue unabated the ecologi-
cal collapse of civilisation is inevitable. The future wellbeing of humankind will 
depend on big changes in the scale, intensity and nature of human activities on 
Earth. The best hope for the future lies in a rapid transition to a society that is truly 
in tune with, sensitive to and respectful of the processes of life which underpin our 
existence. This is referred to as a biosensitive society. However, there will be no 
transition to biosensitivity unless there come about profound changes in the world-
view, assumptions and priorities of our society’s dominant culture.  
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    7.1   Introduction 

 There is an approach to learning about human situations which is of immense rele-
vance to every one of us as individuals and to society as a whole. We call it  human 
biohistory . Henceforth in this paper I will refer to ‘human biohistory’ simply as 
‘biohistory’. 

 Biohistory is the study of human situations, past and present, in biological and 
historical perspective – against the background of the story of life on Earth. 
Biohistory covers the basic principles of evolution, ecology, inheritance, and health 
and disease, and it pays special attention to the evolutionary background of our own 
species. 

 An especially important feature of biohistory is the fact that it recognises the evolu-
tionary emergence of the human capacity for culture as one of the crucial watersheds 
in the history of life on Earth – of overriding signi fi cance not only for humans 
themselves but also for the rest of the living world. 1  For, as soon as human culture came 
into existence it began, through its in fl uence on people’s behaviour, to have impacts 
both on humans and on other forms of life. Biohistory is especially concerned with the 
constant interplay between human culture and biophysical processes. 

 We argue that basic biohistorical understanding across the community is an 
essential prerequisite for the future well-being of humankind. However, at present 
biohistory is not recognised as a  bona  fi de  subject in academic circles. It does not 
appear in school curricula and it does not feature in university degree courses or 
research programmes. 

 Over recent decades a growing number of writers have emerged who could well 
be described as leading biohistorians. René Dubos comes  fi rst to mind. Others 
include Hans Zinsser, Jared Diamond, Tim Flannery and Tony McMichael. 2  
However, biohistory has yet to be developed systematically as a  fi eld of learning in 
its own right, and it is a long way from occupying the central place it warrants in 
educational programmes at all levels. 

 In this chapter I will focus especially on the work of my colleagues and myself 
at the Australian National University from 1965 until 1990. In my view, our concep-
tual approach is especially pertinent to the fast developing  fi eld which is the theme 
of this book – namely, long term socio-ecological research (LTSER) (and see Haberl 
et al.  2006 ; Singh et al.  2010  ) . 

   1   The word culture has many rather different meanings. Here it is used to mean the abstract products of 
the capacity for culture, such as learned language itself and the accumulated knowledge, assumptions, 
beliefs, values and technological competence of a human population. This use of the term is consistent 
with the  fi rst de fi nition of ‘culture’ given in Collins Dictionary: ‘The total of the inherited ideas, beliefs, 
values and knowledge, which constitute the shared bases of social action’ (Collins Dictionary of the 
English Language (1979) Collins, Sydney, Auckland and Glasgow).  
   2   I mention René Dubos  fi rst because his writings capture the essence of biohistory as I see it (e.g. 
Dubos  1968,   1980  ) . However, he makes no attempt to develop a comprehensive theoretical basis for 
the subject. The same applies to the other authors mentioned (e.g. Zinsser  1935 ; Diamond  1997,   2005 ; 
McMichael  2001 ; Flannery  1994  ) .  
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 I will also discuss biohistory as an important  fi eld of scholarship in its own right 
as well as its potential contribution to community understanding and social change, 
and I will explain why I believe that the biohistorical paradigm has an important 
contribution to make to the transition to ecological sustainability.  

    7.2   Conceptual Starting Point 

 Our approach to biohistory takes as its starting point the history of life on Earth. 
 In the beginning there was no life. Only the physical world existed – called the 

 Physical environment  in Fig.  7.1 . Then, perhaps around 4,500 million years ago, the 
 fi rst  Living organisms  came into being.  

 Eventually, over many millions of years, there evolved an amazing array of 
different life forms. Among these, emerging some 2,00,000 years ago, was  Homo 
sapiens . Because of this animal’s special relevance to our studies, it is separated 
from other living organisms in our conceptual scheme ( Human species  in Fig.  7.1 ). 

 Through the processes of biological evolution, the human species had acquired a 
distinctive and extraordinarily signi fi cant biological attribute – the capacity for 
culture. 

 The most essential aspect of this capacity is the human ability to invent and learn 
a symbolic spoken language, and to use it for communicating among ourselves. 
This linguistic aptitude depends both on characteristics of the human brain and on 
special anatomical arrangements in the region of the larynx, pharynx and tongue 
which permit us to utter an amazing range of different sounds. 

 Another aspect of human behaviour often regarded as an aspect of culture is the 
ability to invent and learn new technologies and to pass on this technical knowledge 
from one individual to another and from generation to generation. Some other 
primates and some birds exhibit a trace of this ability. In humans, this aptitude for 
technology is greatly enhanced by the use of symbolic language and also by the 
extraordinary dexterity of our species. 

  Fig. 7.1    Biohistorical 
pyramid       
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 As soon as human culture came into existence it began, through its in fl uence on 
people’s behaviour, to have impacts not only on humans themselves but also on other 
living systems. It evolved as a new kind of force in the biosphere, destined eventually 
to bring about profound and far-reaching changes across the whole planet. 

 For the purposes of this discussion, it is useful to complicate the scheme a little. 
Because we are especially interested in the impacts both on humans and on the 
environment of what people actually do, it is useful to split the  Human species  into 
the  Human population  and  Human activities  (Fig.  7.2 ).  

 It is also useful to divide  Human culture  into two parts. 
 The  fi rst part is  Culture  itself, which is the information stored in human brains 

and transmitted through language. Although relatively abstract, human culture is an 
extraordinarily powerful force in the total system. For a proper understanding of 
human situations today, it is essential that we take account of the interplay between 
culture and the processes of life. 

 In our work the focus has often been on the dominant culture of a society – that 
is, the culture that largely determines the patterns of human activity in that society. 

 Culture includes knowledge of language itself, and general knowledge of the 
environment, history, the arts and technologies, as well as assumptions, priorities 
and religious beliefs. 

 The second part is designated  Societal arrangements , which includes society’s 
economic, regulatory, political and educational arrangements and its institutional 
structure. Societal arrangements are largely determined by, and to some extent 
determine, the characteristics of the dominant culture. 

 In Fig.  7.2  we have added another set of variables – namely  Artefacts , by which 
we mean ‘things made by humans’, including buildings, roads, all kinds of machines 
and electronic devices, as well as clothes, utensils and works of art. 

  Fig. 7.2    Biohistorical conceptual framework       
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 Although this conceptual framework is based on the sequence of happenings in 
the history of life on Earth, it can also be applied to the here and now. The same sets 
of variables are involved. Located at the base of the model are the physical environ-
ment and living organisms (the biosphere) – underpinning and supporting the human 
population, which in turn creates and maintains human culture. 

 We attempted in our own work to apply an early version of this framework in our 
study of the ecology of Hong Kong (Boyden et al.  1981  ) . Recently we have adapted 
it for use as a device to facilitate planning for the future –at the level of individuals 
and families through to city planning and government policies. It ensures that, in 
considering different options we take account of their implications both for human 
wellbeing and for the health of ecosystems (see  Appendix ).  

    7.3   Why Is Biohistory So Important? 

 Here in a nutshell are some of the reasons why I believe that biohistory is so cru-
cially important for us all today –at the level of individuals and families and at the 
level of society as a whole. 

    7.3.1   Biorealism 

 First and foremost, biohistory is important because it constantly reminds us that we 
are living organisms, products of nature and totally dependent on the processes of 
life, within us and around us, for our very existence. 

 It reminds us that life processes underpin, permeate and make possible our whole 
social system and everything that happens within it. Keeping them healthy must be 
our  fi rst priority – because everything else depends on them. 

 The dominant culture of our time has lost sight of these fundamental realities – 
with grave consequences for humankind and the rest of the living world. They are 
not re fl ected in governmental policies, political platforms, the structure of educational 
programmes or the lifestyles of the majority of people.  

    7.3.2   Human History 

 Biohistory tells us that our species has been in existence for some 200,000 years 
(McDougall et al.  2005  ) . 

 It shows us that the history of  Homo sapiens  falls into four distinct ecological 
phases, which differ both in the relationships between human populations and the 
rest of the living world and in the biological conditions of life and health of humans 
themselves. Although the dividing lines between the different phases are not always 
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sharp, and occasional societies do not  fi t neatly into any one of them, the classi fi cation 
is a useful one. The four phases are not mutually exclusive and all of them can exist 
at the same time. 

  Ecological Phase 1: The hunter-gatherer phase  
 The hunter-gatherer phase of human existence was by far the longest of the four 
ecological phases, lasting some 1,80,000 or more years (over 7,000 generations). 3  

  Ecological Phase 2: The early farming phase  
 The introduction of farming in some parts of the world around 12,000 years ago 
(480 generations) marked a turning point in cultural evolution. It was a precondition 
for all the spectacular developments in human history since that time. 

  Ecological Phase 3: The early urban phase  
 This phase began around 9,000 years ago (360 generations), when fairly large clus-
ters of people, sometimes consisting of several thousand individuals, began to 
aggregate together in townships. Many of these people played no part in the gather-
ing or production of food. 4  
 Although the new conditions offered protection from most of the hazards of the 
hunter-gatherer lifestyle, malnutrition and infectious disease became much more 
important as causes of ill health and death. 

  Ecological Phase 4: The high consumption phase  
 This phase was ushered in by the industrial revolution, which began a little over 
200 years ago (eight generations). It has been associated with profound changes in 
the ecological relationships between human populations and the rest of the biosphere. 

 Especially signi fi cant ecologically was the introduction of machines for perform-
ing different kinds of work and depending on the use of extrasomatic energy, espe-
cially fossil fuels. The discoveries and applications of electricity and radioactivity and 
the spectacular growth of the chemical industry have also been extremely important. 

 Largely as a consequence of improved living conditions the global population 
increased from about one billion in 1800 to two billion in the 1930s; and it is now 
almost seven billion. This population growth, along with the explosive increase in 
intensity of techno-industrial activities, is resulting in severe ecological disturbances 
across the whole planet. 

 The crucially important factor, which should be a central consideration in all 
government planning and economic deliberations, is the inescapable fact that 
the days of ecological Phase 4 are numbered. This phase is simply not sustain-
able ecologically. Either humankind will move into a very different, ecologically 

   3   In this paper a generation is taken to be 25 years.  
   4   One of the most interesting of these very early townships from the socio-ecological standpoint is 
Çatalhöyük in Anatolia, which was inhabited for approaching 2,000 years from about 9,500 BP 
(Mellaart  1967 ; Hodder  2006  ) . The population ranged from 5,000–8,000. There were no apparent 
social classes. The economy was based primarily on the cultivation of barley, wheat, peas, and lentils, 
and the breeding of sheep, goats and, later in the period, cattle. Hunting was also still important 
for meat.  
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sustainable and healthy  fi fth ecological phase of human existence, or human 
civilisation will collapse.  

    7.3.3   Human Culture as a Force in Nature 

 The rapidity of the evolutionary development of the capacity for culture indicates 
that, once a rudimentary ability to invent and use symbolic spoken language 
emerged, it was at once of major biological advantage for its bearers under the pre-
vailing conditions. The nature of this advantage has been the subject of a good deal 
of speculation among evolutionary biologists (e.g. Dunbar  1997  ) . 

 In my view, its chief advantage probably lay in its role in the exchange and storage 
of useful information about the environment. This information was not only communi-
cated within the group, but was also passed on to members of subsequent generations, 
increasing the likelihood of their good health and successful reproduction. However, it 
is possible that the aptitude for culture had a number of different biological advantages 
which collectively contributed to its rapid evolutionary development. 5  

 Apart from its practical advantages, culture adds richness to human experience. 
It did so in the days of our hunter-gatherer ancestors – as in storytelling, musical 
traditions, dancing and other forms of artistic expression – and it does so today in so 
many ways. It makes a huge contribution to the sheer enjoyment of life. 

 However, especially under conditions of civilisation, cultural evolution has often 
resulted in activities that have caused a great deal of unnecessary distress to humans 
or damage to ecosystems. Such undesirable culturally-inspired activities are referred 
to as  cultural maladaptations.  

 Biohistory reveals countless examples of cultural maladaptation in human 
history (Boyden  1987,   2004  ) . 

 A particularly tragic example of cultural maladaptation was the ancient Chinese 
custom of foot-binding, which prevented the normal growth of the feet of young 
girls and caused them excruciating pain. This extraordinary practice well illustrates 
the propensity of culture to in fl uence people’s mind-sets in ways that result in activi-
ties that are not only nonsensical in the extreme, but also sometimes very cruel and 
destructive and contrary to nature. This particular cultural maladaptation was mutely 
accepted by the mass of the Chinese population for some 40 or more generations. 

 Throughout the history of civilisation, different cultures, including our own, have 
come up with a fascinating range of delusions about how social wellbeing, or 
prosperity, can best be achieved, and some of these delusions have led to blatant 
examples of cultural maladaptation. Here I will mention only one instance. 

   5   The fact that the capacity for culture was of biological advantage during the tens of thousands of 
generations of our species before the advent of agriculture does not mean, of course, that it will neces-
sarily be an advantage under conditions quite different from those of the evolutionary habitat.  
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 According to the dominant culture of the Mayan civilisation, prosperity could 
best be achieved by pleasing the gods, and the best way to please the gods was to 
torture, mutilate and then sacri fi ce human beings. This behaviour can be regarded as 
a cultural maladaptation, because it certainly caused a great deal of unnecessary 
human suffering, and it clearly did not do the Mayans’ society any good. Their 
civilisation collapsed suddenly, probably for ecological reasons, around 900  ad . 

 Again, the point to be emphasised is the fact that while there may well have been 
a handful of sceptics among the Mayans, the great majority of them really believed 
that the torture and sacri fi ce of humans was an entirely appropriate behaviour. 
Cultural gullibility is indeed a fundamental characteristic of our species. 

 Biohistory thus alerts us to the need for us to be constantly vigilant – checking 
that the assumptions of our society’s dominant culture are in tune with the processes 
of life and that they are not leading us to behave in ways that are against nature and 
against the interests of our species.  

    7.3.4   Cultural Reform 

 One of the themes of biohistory is human adaptability. Our species shares with all 
other animals a series of adaptive mechanisms, which include genetic adaptation 
through natural selection (adaptation of populations over many generations), many 
kinds of physiological adaptation and adaptation through learning. 

 However, humans have an extra string to their bow – namely cultural adaptation, 
which is de fi ned as adaptation through cultural processes. 

 In the present context we are especially interested in cultural adaptation aimed at 
overcoming the undesirable consequences of culture itself – that is, adaptation to 
cultural maladaptations. We refer to this as  cultural reform . 

 The processes of cultural reform are often quite complicated, involving pro-
longed interactions between different interest groups in society. A key role is often 
played initially by minority groups, occasionally by single individuals, who start the 
ball rolling by drawing attention to an unsatisfactory state of affairs. We can refer to 
these people as  fi rst-order reformers. A prime example of a  fi rst-order reformer is 
Rachel Carson who, in her ground-breaking book  Silent Spring , drew attention to 
the insidious and destructive ecological impacts of certain synthetic pesticides 
(Carson  1962 , see Krausmann and Fischer-Kowalski, Chap.   15     in this volume). 

 Almost invariably, the expressions of concern coming from  fi rst-order reformers 
are promptly contradicted by others, the  anti-reformers.  This backlash often involves 
representatives of vested interests who fear that the proposed reforms will be to their 
disadvantage. They are likely to argue that the problem does not exist or that it has 
been has been grossly exaggerated, and they try to ridicule the reformers by calling 
them alarmists, fanatics, scaremongers and prophets of doom. Nowadays some of 
these anti-reform forces are extraordinarily powerful. 

 The  fi rst-order reformers are, in time, joined by  second-order reformers  who also 
take up the cause. Eventually, if they are successful, a change comes about in the 

http://dx.doi.org/10.1007/978-94-007-1177-8_15
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dominant culture and members of governmental bureaucracies and other organisations 
set about working out ways and means of achieving the necessary changes. Their 
efforts may still be hindered to some extent by the stalling tactics of anti-reformers. 

 Biohistory provides many examples of cultural reform and anti-reform in recent 
history and at the present time. A well-documented instance of cultural reform from 
the past is the Public Health Movement of the later part of the nineteenth century 
(Flinn  1965 ; Frazer  1950  ) . Other more recent examples include the anti-smoking 
campaign and the current debates about climate change. In the latter case, the anti-
reformers are often referred to as climate change deniers and it is noteworthy that 
there is often a smattering of scientists among them (Oreskes and Conway  2010  ) .  

    7.3.5   Evolution and Health 

 Biohistory reminds us that our species has been in existence for some 8,000 
generations and that we are basically the same animal as our ancestors who lived 
long before the advent of farming – that is, an animal genetically adapted through 
natural selection to the life of the hunter-gatherers. 6  This fact has many important 
implications – for understanding ourselves and our problems. 

 One of the outcomes of the processes of evolution is the fact that animals become 
well adapted in their biological characteristics to the habitat in which they are evolving. 
In other words, the biological characteristics of any species are such that the 
individual animals are likely to experience good health in their natural environment. 

 If an animal is removed from its natural environment, or if its environment 
changes signi fi cantly, then it is likely to be less well adapted to the new conditions, 
and consequently some signs of physiological or behavioural maladjustment can be 
expected. This  evolutionary health principle  is a fundamental law of nature (Boyden 
 1973,   2004  ) . 

 Ill health or pathological behaviour due to an animal experiencing conditions 
which deviate from that of its natural environment are referred to as examples of 
 phylogenetic maladjustment . 

 It follows from the evolutionary health principle that if we wish to identify the 
health needs of any particular kind of animal, the  fi rst thing to do is to examine 
the conditions under which it evolved, because we can be sure that these conditions 
are capable of providing all the essential ingredients for maintaining and promoting 
health in that species. 

   6   This does not mean that evolutionary change in the human species has come to a halt. There has been 
a relaxation of some selection pressures that were powerful in the hunter-gatherer environment and in 
the long term this will result in genetic changes in human populations (Rendel  1970  ) . There have also 
been some new selection pressures associated with the advent of farming that have produced changes 
in some populations. A well-known example of this is the emergence and spread in European popula-
tions of lactase production into adulthood in response to the availability of bovine milk as a food 
source. For discussion of this change and for other examples, see Cochran and Harpending  (  2009  ) .  
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 In the case of humankind there is, for example, no diet better for humans than the 
typical diet of our hunter-gatherer ancestors. Or if we take much more, or much less 
physical exercise than a typical hunter-gatherer, or if we inhale chemical fumes that 
were not present in the evolutionary environment, then we are likely to experience 
ill health. 

 The evolutionary health principle is of enormous relevance to the health profes-
sions, public health policies and personal lifestyle choices. However, it is seldom 
mentioned in the medical literature. 7  

 There are good reasons for believing that the evolutionary health principle applies 
not only to such physical health needs as clean air and the need for physical 
exercise, but also to psychosocial aspects of life conditions. For example the lives 
of hunter-gatherers are usually characterised by the experience of conviviality, 
effective emotional support networks, incentives and opportunities for creative 
behaviour and a sense of personal involvement in daily activities. Most of us would 
agree that such conditions are likely to promote health and well-being in our own 
society. It is important that we take them into account in assessing the quality of life 
today and in considering options for the future. 8  

 In this context, something must be said about the concept of stressors and meliors. 
The term ‘stressor’ is commonly used for an experience that causes anxiety and 
distress. When stressors are excessive and persistent they can interfere seriously 
with both mental and physical health. During our work on the ecology of Hong 
Kong, we became aware of the immense importance of experiences which have the 
opposite effect to stressors, and which are associated with a sense of enjoyment. We 
decided to call such experiences  meliors.  

 The well-being of individuals at any particular time can be seen to be largely a 
function of their position on a hypothetical continuum between a state of distress at 
one extreme and a sense of well-being at the other. While stressors tend to push the 
individual towards a state of distress, meliors push in the opposite direction, so that 
a person’s position on the continuum is the outcome of the balance between stres-
sors and meliors. Social changes that result in the erosion of meliors are therefore 
just as undesirable as those that result in an increase in stressors. 

 There is nothing particularly original about the melior-stressor concept. It is no 
more than everyday common sense. However, in academic discussion and research, 
much more emphasis has been placed on stressors than on the opposite kinds of 
experience. Giving them the name ‘meliors’ simply serves to remind us to take them 
properly into account in assessing existing conditions or options for the future. 

 One of the features of ecological Phase 4 society today is the fact that the 
achievement of meliors is frequently much more costly, in terms of energy and 
resources, than it was in the past. The pursuit of meliors makes a substantial con-
tribution to a society’s technometabolism (see below). 

   7   An exception is Cleave and Campbell  (  1966  ) , who drew attention to the fact that diets containing 
re fi ned carbohydrates deviated from the natural diet of the human species and consequently gave rise 
to various forms of maladjustment.  
   8   Working lists of the universal health needs of humans, both physical and psychosocial, based on this 
principle are available on   www.biosensitivefutures.org     and in Boyden  (  1987,   2004  ) .  

http://www.biosensitivefutures.org


1497 Human Biohistory

 In summary, many cases of ill health in our society today are examples of 
phylogenetic maladjustment – including most cases of lung cancer, coronary heart 
disease, obesity and probably much mental depression.  

    7.3.6   Human Behaviour 

 The fact that humans are basically the same animal today, genetically, as their 
hunter-gatherer ancestors of, say, 15,000 years ago also has relevance to human 
behaviour. 

 The innate behavioural characteristics of our species are the outcome of evolu-
tion in an environment very different from that in which we now live. While it can 
be assumed that these innate behavioural characteristics, such as the capacity for 
culture, were of biological advantage under the conditions in which they evolved, it 
is questionable whether this is still the case in the modern setting. 

 This is an extremely important topic; but because it is complicated and extraor-
dinarily controversial it is not feasible to discuss it further in this short essay (for a 
discussion see Boyden  2004 , Chap. 6).  

    7.3.7   Biometabolism and Technometabolism 

 An important aspect of biohistory is the study of changing patterns of resource and 
energy use and waste production by human populations. 

 Any population of living organisms takes up nutrients and energy from its envi-
ronment, makes use of them in the processes of life and then discharges wastes and 
gives off energy in the form of heat. This set of processes is referred to as  population 
metabolism.  

 In the case of the human species, cultural evolution has led to an extra dimension 
to population metabolism. Thus, in addition to a population’s  biometabolism,  which 
consists of the inputs, internal uses and outputs of energy and materials involved in 
the biological processes within human bodies, there is also a signi fi cant  technome-
tabolism,  which consists of the inputs, uses and outputs of energy and materials 
resulting from technological processes taking place outside human bodies. 
Technometabolism is a new phenomenon in the history of life on Earth – of tremendous 
signi fi cance ecologically and in many other ways. 

 Already in the hunter-gatherer phase of human existence technometabolism 
became important through the regular use of  fi re. This development resulted in 
biologically signi fi cant changes in the life conditions of humans, not only by 
providing them with warmth but also because it led to the consumption of cooked 
foods, especially meat. 

 The use of  fi re by hunter-gatherers sometimes resulted in important ecological 
changes. In some regions it resulted in the replacement of large areas of woodland 



150 S. Boyden

with grassland and in big increases in herds of grazing animals, and consequently in 
the supply of animal protein for humans (Dimbleby  1972 ; Sands  2005  ) . Fires resulting 
from human activities had a major impact on vegetation in parts of Australia long 
before the European invasion of the continent (Jones  1969  ) . 

 Massive intensi fi cation of technometabolism has become an outstanding feature 
of human society during the fourth high consumption ecological phase of human 
history, involving a huge surge in resource and energy use and technological waste 
production. The most evident manifestation of this is anthropogenic climate change – 
but there are many others.    9  

 In 1965, Abel Wolman introduced the concept of urban metabolism and described 
the metabolism of a hypothetical city of one million inhabitants (Wolman  1965  ) . In 
the 1970s, studies were carried out on the metabolism of Tokyo (Hanya and Ambe 
 1976  ) , Brussels (Duvigneaud and Denaeyer-De Smet  1977  )  and Hong Kong 
(Newcombe et al.  1978  ) . The last project, which involved a detailed analysis of both 
technometabolism and biometabolism in an urban system was carried out as part of 
a broad study on the ecology of Hong Kong and its human population. 

 In the  fi nal report of this work on Hong Kong, attention was drawn to the long-
term unsustainability of the ever increasing intensity of resource and energy use and 
waste production in this city (Boyden et al.  1981  ) . This conclusion is shared by the 
authors of a more recent study of the metabolism of Hong Kong who write:

   Per capita  food, water and materials consumption have surged since the 1970s by 20%, 
40%, and 149%, respectively. Tremendous pollution has accompanied this growing 
af fl uence and materialism, and total air emissions, CO

2
 outputs, municipal solid wastes, and 

sewage discharges have risen by 30%, 250%, 245%, and 153%. As a result, systemic over-
load of land, atmospheric and water systems has occurred. While some strategies to tackle 
deteriorating environmental quality have succeeded, greater and more far-reaching changes 
in consumer behaviour and government policy are needed if Hong Kong is to achieve its 
stated goal of becoming ‘a truly sustainable city” in the 21st century. (Warren-Rhodes and 
Koenig  2001  ) .   

 Perspectives such as these are crucially signi fi cant for our understanding of the 
true nature of the human predicament today and for planning for sustainability. 

 Since the 1970s there has been much work on urban metabolism, all of it indicating 
a progressive increase in the intensity of urban metabolism (Kennedy et al.  2007  ) .  

    7.3.8   Technoaddiction 

 Another important biohistorical concept is the principle of technoaddiction. In 
human history it has frequently been the case that new techniques have been intro-
duced simply for curiosity, or sometimes because they have bene fi ted a particular 
individual or group within society. However, with the passing of time societies have 

   9   In our work we have described and discussed the technometabolism of Hong Kong (Newcombe et al. 
 1978 ; Boyden et al.  1981 ), Australia (Boyden et al.  1990  )  and the world (Boyden  1992  ) .  
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organised themselves around the new techniques and their populations have become 
progressively more and more dependent on them for the satisfaction of simple, basic 
needs. Eventually a state of complete dependence is reached. 

 The dependence of the populations of high-energy societies on fossil fuels is an 
obvious and extremely serious example. Others include our dependence on electricity 
and, quite recently, on computer technology. 

 This insidious form of addiction passes largely unnoticed. It is of immense eco-
nomic and ecological signi fi cance and it explains why our attempts to introduce 
effective measures to overcome anthropogenic climate change are fraught with so 
many dif fi culties. 

 It is noteworthy that in the present cultural setting the following basic human 
behaviours usually require signi fi cantly more energy and create much more pollution 
than they did at other times in history: eating; seeking in-group approval; seeking to 
conform; seeking novelty, excitement and comfort; visiting relatives; being sel fi sh; 
being greedy and being generous.  

    7.3.9   Cultural Maladaptations Today 

 Biohistory helps us to appreciate that the worldview and assumptions of our domi-
nant culture today are resulting in cultural maladaptations on a scale and of an 
intensity never seen before in the history of humankind – maladaptations that are 
totally incompatible with the survival of civilisation. All the main threats to human 
wellbeing and survival in the modern world are consequences of cultural 
maladaptations. 

 Biohistory also draws attention to the astonishing rate of acceleration in the 
increase in intensity of humans activities on Earth, and to the fact that very recently 
 Homo sapiens  has become the  fi rst species of animal in the history of life on Earth 
to bring about signi fi cant changes in the ecology of the whole planet. 

 There are two sets of changes underlying the major ecological dif fi culties facing 
humankind today:

   The huge increase in the human population. There are now about 1,000 times as • 
many people on Earth as there were when our ancestors  fi rst started farming around 
450 generations ago. 70% of this increase has occurred in the past 80 years.  
  The massive intensi fi cation, especially in the developed countries, of energy and • 
resource use and technological waste production associated with industrialisation, 
consumerism and economic growth. 10  The human species is now using about 
18,000 times as much energy and emitting about 9,000 times as much CO 

2
  as 

was the case when our ancestors started farming around 10,000 years ago. 90% 
of this increase has occurred in the past 80 years.    

   10   Figures for energy use provide a fair indication of the overall impact of humans on the biosphere. 
People in some of the developed countries today are using around 50 times as much energy per capita 
as was the case when farming began. Most of this increase has occurred very recently.  
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 Currently the most critical sign of this insensitive over-exploitation of the planet’s 
resources is rapid global climate change. Other areas of serious concern include 
massive loss of biodiversity on land and in the oceans, thinning of the ozone layer, 
global pollution of ecosystems with persistent organic pollutants, and various severe 
forms of land and water degradation – involving distortion of nutrient cycles, loss of 
topsoil, salinisation, progressive large scale deforestation, biological impoverishment 
of soil and acidi fi cation of the oceans. 11  

 The biosphere as a system capable of supporting civilisation will not tolerate this 
onslaught inde fi nitely. If present trends in human activity continue unabated the 
ecological collapse of human civilisation is inevitable. 12  

 Apart from these ecological issues, cultural developments during the past 
70 years have resulted in the manufacture of weapons of mass destruction which 
now constitute another horrendous threat to the future of our species and the rest of 
the biosphere. According to recent estimates, there are around 24,000 nuclear war-
heads in existence. It would not take many of these to bring an end to civilisation. 

 Biohistory also shows us how cultural evolution has resulted in the current gross 
disparities in conditions of life across human populations. Today vast swards of 
people live in abject poverty, while some individuals have incomes of millions of 
dollars a year. Such disparities have been common in the early urban and high 
consumption ecological phases of human history, but they were not a feature of 
societies in the preceding 190,000 years of human existence.   

    7.4   Hope for the Future 

 Biohistorical understanding leads to an appreciation that the best hope for humankind 
lies in a rapid transition to a society that is really in tune with and sensitive to the pro-
cesses of life – a society that satis fi es the health needs of all sections of the human 
population as well as those of the ecosystems of the biosphere. My colleagues and 
I call this a  biosensitive society –  that is, a society that in tune with our own biology 
and in tune with the living systems of the biosphere on which we depend. 13  

   11   See Rockström et al.  (  2009  )  for an interesting discussion of the full range of interlinked ecological 
changes resulting from human activities that are causes for serious concern. These authors recognise 
nine interlinked ‘planetary boundaries’, three of which have already been transgressed – namely cli-
mate change, rate of biodiversity loss and interference with the nitrogen and phosphorus cycles.  
   12   In 1992 over 1,500 members of the Union of Concerned Scientists (UCS), including 101 Nobel Prize 
winners, issued a statement entitled  World’s scientists’ warning to humanity . The following extract 
from the press release that accompanied the publication of this statement summarises their position: 
“The scientists emphasise the urgency of the problem. As they note in their appeal, ‘No more than one 
or a few decades remain before the chance to avert the threats that we now confront will be lost and the 
prospects for humanity immeasurably diminished.”  
   13   For further discussion on biosensitivity see Boyden  (  2005,   2011  )  and   www.natsoc.org.au/
biosensitivefutures.      

http://www.natsoc.org.au/biosensitivefutures.
http://www.natsoc.org.au/biosensitivefutures.
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 Some explanation is needed of why it was felt necessary to coin the words 
‘biosensitive’ and ‘biosensitivity’: 

 The growing concern about our ecological predicament over the past few decades 
has resulted in a range of important new expressions coming into use. They include, 
for example, ecological sustainability, environmentalism, carbon footprint and 
being green. 

 However, there is a need for a broader, more inclusive term which encompasses 
both human and ecological wellbeing (Fig.  7.3 ) and which evokes a positive vision 
of a society that is based on a real understanding of the living world and the human 
place in nature and that is truly in tune with the processes of life within us and 
around us.  

 The biosensitive society will promote health in all sections of the human popula-
tion and in the ecosystems of the natural environment. 

 The transition to a biosensitive society will require sweeping changes in the 
intensity and nature of human activities, in economic arrangements and in the 
occupational structure of society. Biosensitivity will be the guiding principle in all 
spheres of human activity – individual and collective. It will mean biosensitive 
lifestyles, biosensitive governments, biosensitive technologies and fuel use, biosen-
sitive farming, biosensitive cities, biosensitive design, and a biosensitive economy. 
Eventually it will also mean moving towards a smaller human population globally 
(1,000 million?). 

 Unfortunately the worldview, priorities and assumptions of the dominant cultures 
that determine patterns of human activity across the world today are totally incom-
patible with any transition to an ecologically sustainable, healthy and equitable 
society. They are simply not attuned to ecological realities. 

 Paramount among the maladaptive assumptions of the dominant culture of our 
own society is the ideology of ‘ever-moreism’ – associated with an economic system 
that results in rampant, continually increasing consumption of resources, use of 
energy and discharge of technological wastes. This ideology is ecologically absurd. 
It is leading us faster and faster in the direction of ecological oblivion. 

  Fig. 7.3    Biosensitivity 
triangle       
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 The necessary changes in societal arrangements and patterns of human activity 
will therefore require revolutionary changes in the dominant culture. That is, our 
hope for the future lies in the processes of cultural reform. Biosensitivity cannot be 
achieved until this culture comes to embrace at its heart a sound understanding of 
the human place in nature and a profound respect for the processes of life. 
Biosensitivity will be what matters most. 

 Only then will there be suf fi cient motivation at all levels of society to make the 
major changes in societal arrangements and human activities that will be necessary 
to achieve a sustainable relationship with the ecosystems of which we are a part and 
on which we depend. 

 However, in turn, this crucial cultural transformation will not come about until 
there is widespread understanding right across the community of human situations 
in biohistorical perspective. Therefore by far the most urgent need is in the realm of 
learning and education. 

 Apart from its in fl uence on the cultural worldview, assumptions and priorities, of 
the dominant culture, biohistory also provides information of enormous practical 
value for society in its efforts to achieve biosensitivity. It makes clear what ‘being in 
tune with the processes of life’ means in practical terms, such as maintaining the 
biological integrity of soils and natural nutrient cycles, protecting biodiversity and 
avoiding pollution of the atmosphere. Moreover, it helps us to select lifestyle options 
that not only promote our own health, but that are also consistent with the health of 
the natural environment. 

 So, in summary, shared biohistorical understanding across the whole community 
is a key prerequisite for the achievement of biosensitivity and hence the survival of 
civilisation. 14  Until this happens there is unlikely to be any signi fi cant change in the 
dominant culture and therefore no signi fi cant move towards sustainability and 
biosensitivity. 

 Biohistory should be at the core of every school curriculum – re fl ecting the reality 
that we are living beings, products of the processes of life and totally dependent on 
them for our survival and wellbeing; and by far the most useful role of concerned 
individuals and community groups at the present time is to actively encourage this 
kind of understanding in the community and to promote the vision of a biosensitive 
society.  

    7.5   Biohistory and the Academic Disciplines 

 Biohistory is, by its very nature, integrative .  It requires that we pay attention to the 
interconnectedness of different parts of the total system – biophysical and cultural – 
and of the broad classes of variables that determine the overall characteristics of 
human situations and the life experience of every one of us. 

   14   Elsewhere, for the sake of brevity, ‘biohistorical understanding’ has been contracted to ‘biounder-
standing’ (  www.natsoc.org.au/biosensitivefutures     and Boyden  2011  ) .  

http://www.natsoc.org.au/biosensitivefutures.
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 Thus biohistory can be said to be ‘multidisciplinary’– in that it involves learning 
about the interplay between different parts of the total system that are convention-
ally studied by different groups of specialists in the different so-called academic 
disciplines. 15  

 However, it can be argued that biohistory, rather than being seen as ‘multidisci-
plinary’, should be regarded as an academic discipline in its own right – but a 
comprehensive one that one that has crucial links with most, if not all, other 
disciplines. I suggest that it deserves a place alongside the various  fi elds from the 
natural and social sciences, such as ecology, ecological anthropology and ecological 
economics, that are considered to have the potential to make a useful contribution to 
long-term socio-ecological research (LTSER) (Singh et al.  2010  ) . 

 The existence of these disciplines, each focusing on a relatively narrow aspect 
of reality and each with its own set of methods and theory, is an outcome of the 
vicissitudes of cultural evolution. In fact, of course, the variables and processes 
studied in these different areas of specialism are interacting parts of a whole, and the 
interplay between them is of utmost signi fi cance for understanding ourselves, our 
society and our problems. Especially important are the interactions between the 
culturally inspired human activities and the underpinning processes of life within us 
and around us. 

 While there have been increasing calls for multidisciplinarity in academia over 
recent years, there has not been a great deal of progress in achieving this goal. In my 
opinion, this is partly due to the fact that it is not suf fi cient merely to bring together 
representatives of different disciplines to sit around a table to talk about an issue or 
topic, only to return afterwards to the security of their own particular academic 
silos. We need more people who stay at the table and whose full-time professional 
interest is the interplay in the system between the different sets of components and 
processes. 

 Certainly there has been much important work aimed at developing a systems 
approach to the study of human situations. 16  However, it seems to me that much of 
this work lacks a sound conceptual base that re fl ects either the total dependence of 
human society on the underpinning processes of life or the crucial role of human 
culture as a determinant of the health and wellbeing of people or of the ecosystems 
on which they depend. 

 It is worth noting that social scientists have been very wary of biology ever since 
they had their  fi ngers burned by social Darwinism. Yet to ignore the life processes 
which underpin, permeate and make possible all social situations makes no sense. 
We cannot hope to understand what is going on if we neglect the interplay between 
this fundamental dimension of the system and the cultural and socio-cultural 
components. 

   15   The expressions ‘multidisciplinary’, ‘transdisciplinary’ and ‘interdisciplinary’ are now in common 
usage, and they have slightly different meanings. However, here ‘multidisciplinary’ is used to cover all 
three meanings.  
   16   See, for example   www.complexsystems.net.au/wiki/Complex_Dynamics_of_Urban_Systems.      

http://www.complexsystems.net.au/wiki/Complex_Dynamics_of_Urban_Systems
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 In my view the biohistorical framework provides a good starting point for 
developing a logical conceptual approach to the integrative study of human situa-
tions. This is partly because:

   it recognises that the whole social system is life-driven and life-dependent  • 
  it provides a framework for investigating and understanding the interplay between • 
the parts of the system that are conventionally studied by different groups of 
specialists in the life sciences, social sciences and humanities  
  it appreciates the signi fi cance of the evolutionary perspective for understanding • 
current situations          

      Appendix    

      A Transition Framework 

 This Appendix introduces a framework designed to facilitate thinking and commu-
nicating about the ecological and health implications of different options for the 
future. It recognises the crucial role of human culture in the system, and it is based 
on biohistorical principles discussed in this chapter. 

 The transition framework is depicted in Fig.  7.4 . It is basically an extended 
version of the ‘biosensitivity triangle’ (Fig.  7.3 ) and it also incorporates some of the 
features of the ‘biohistorical framework’ depicted in Fig.  7.2 .   

      Human Health Needs and Ecosystem Health Needs 

 In the biosensitivity triangle (Fig.  7.3 ), the two boxes on the right-hand side are 
Healthy people and Healthy ecosystems, which are our ultimate goals in planning 
for a biosensitive future. However, from the planner’s standpoint what is actually 
more relevant are the immediate requirements for health (e.g. clean air and water for 
human health, and maintaining biodiversity and soil fertility for ecosystem health). 
These health requirements are called Human health needs and Ecosystem health 
needs in Fig.  7.4 . 

 Options for the future must be assessed ultimately in terms of their impacts on 
these health needs. Box   es  7.1  and  7.2  are working check lists of important health 
needs of humans and of ecosystems respectively.  

      Biophysical Environment 

 This set of factors has been inserted into the triangle because the impacts of human 
activities on the health needs of people and ecosystems are sometimes indirect, in 
that the ultimate effect on health is the result of changes brought about in the bio-
physical environment. 
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 For example, the human activities that result in the release into the environment 
of CFCs lead to chemical reactions in the atmosphere and the destruction of ozone 
in the stratosphere. This change in turn results in an increase in the ultraviolet radia-
tion at the Earth’s surface, which interferes with the health both of ecosystems and 
of humans. 

 Another example is provided by cases when the application of arti fi cial fertilisers 
to farmland leads to eutrophication in creeks and rivers. The consequent excessive 
growth of algae results in anoxia in the aquatic ecosystem and then to loss of biodi-
versity and also to the production of toxins which can cause illness, even death, in 
humans and other large animals. 

 On the other hand, of course, many undesirable impacts of human activities on 
human and ecosystem health are direct – such as the effects of tobacco smoking on 
human health and the effects of oil spills on local fauna. 

 Recognising the crucial role of culture in determining the health both of humans 
and of the ecosystems on which they depend,  Human society  has been divided into 
two categories:  Biophysical options  and  Cultural options.  

      Biophysical Options 

 Biophysical options include the biological and physical aspects of human situations 
that can be in fl uenced by people’s decisions and that directly or indirectly affect the 
all-important health needs of humans and ecosystems. 

  Fig. 7.4    The transition framework       

 



158 S. Boyden

  Box 7.1 Human    Health Needs 17  

     Physical    
 Clean air  
  Clean water  
  Healthy (natural) diet  
  Healthy (natural) physical activity  
  Noise levels within the natural range  
  Minimal contact with microbial or metazoan parasites and pathogens  
  Natural contact with environmental non-pathogenic microbes  
  Electromagnetic radiation at natural levels  
  Protection from extremes of weather     

   Psychosocial 
   Emotional support networks  
  Conviviality  
  Co-operative small-group interaction  
  Creative behaviour  
  Learning and practising manual skills  
  Recreational activities  
  Variety in daily experience  
  Sense of personal involvement/purpose  
  Sense of belonging  
  Sense of responsibility  
  Sense of challenge and achievement  
  Sense of comradeship and love  
  Sense of security       

   17   This working list of human health needs is based on the evolutionary health principle and our knowl-
edge of the conditions of life in the long natural, or hunter-gatherer phase of human existence.  

  Box 7.2 The Health Needs of Ecosystems 

 In light of our knowledge of the effects of various human activities on ecosys-
tem health at the present time, we can put together a check list of ecosystem 
health needs, as follows:

   The absence of polluting gases or particles in the atmosphere which • 
signi fi cantly disrupt natural cycles and processes and change the climate  
  The absence of polluting gases or particles in the atmosphere which inter-• 
fere with living processes (e.g. particulate hydrocarbons from combustion 
of diesel fuel, sulphur oxides)  

(continued)
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 Biophysical options are subdivided into four sub-categories:

    • Human population  – such as numbers of people, population density, population 
age structure  
   • Human activities  –  collective – such as manufacturing, farming, military activities 
and transportation.  
   • Human activities  –  individuals – such as lifestyle options, travel patterns, physical 
exercise and consumer behaviour  
   • Artefacts  18  – such as buildings, roads, machines, vehicles and furniture.     

      Cultural Options 

 Human activities are to a large extent governed by  Societal arrangements,  such as 
the prevailing economic system, governmental regulations and the institutional 
structure of society. 

 These social arrangements are in turn determined by the worldview, assumptions 
and priorities of the dominant  Culture . 

   18   Artefacts is used to mean ‘things made by humans’.  

  Box 7.2 (continued)

The absence of substances in the atmosphere (e.g. CFCs) that result in • 
destruction of the ozone layer in the stratosphere that protects living organ-
isms from the ultraviolet radiation from the sun  
  The absence of chemical compounds in oceans, lakes, rivers and streams • 
in concentrations harmful to living organisms (e.g. persistent organic pol-
lutants – POPs)  
  No ionising radiation that can interfere with the normal processes of life • 
and photosynthesis  
  The absence of chemical compounds in the soil that can interfere with the • 
normal processes of life (e.g. persistent organic pollutants, heavy metals)  
  Soil loss no greater than soil formation (i.e. no soil erosion)  • 
  No increase in soil salinity and soil sodicity  • 
  The maintenance of the biological integrity of soil (i.e. maintaining a rich • 
content of organic matter)  
  Intact nutrient cycles in agricultural ecosystems over long periods of time • 
(requiring return of nutrients to farmland)  
  The maintenance of biodiversity in regional ecosystems (including aquatic • 
ecosystems)    
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 For example, the cultural assumption that the best thing for our society is 
continuing economic growth, involving ever-increasing use of resources and energy, 
is a major factor affecting governmental economic policies, and consequently 
in fl uencing human activities and, ultimately, the health of our planet’s ecosystems.   

      Making Use of the Transition Framework 

 The transition framework emphasises the fact that the ultimate objective in planning 
for a biosensitive society is the health both of humans and of the ecosystems on 
which they depend. 

 The framework provides a useful starting point for assessing policy options for 
the future – from the level of individuals and families through to the level of national 
governments. 

 In our own work we have made use of the framework to construct a check list 
of the essential changes that will be necessary in different parts of the total system 
for the achievement of biosensitivity (see   www.natsoc.org.au/biosensitivefutures/ 
vision    ).          
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ration with Long-Term Social-Ecological Research (LTSER). HE-NS geography  
resembles the de fi ning focus of LTSER on the coupled interactions of human 
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identi fi ed as follows: (i) Coupled Human-Environment Interactions; (ii) 
Sustainability Science, Social-Ecological Adaptive Capacity, and Vulnerability; 
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    8.1   Introduction to Geographic Approaches 

 Long-Term Social-Ecological Research (LTSER) is centred on the changes of coupled 
socioecological and human-environment systems. In order to understand such changes 
the approach of LTSER is faced with challenges around four themes – human-
environment interaction, scale, spatial generalisability, and social-ecological 
modelling (Haberl et al.  2006 : 3; see also Redman et al.  2004 ; Singh et al.  2010  ) . 
In this respect LTSER and its de fi ning challenges are similar to contemporary 
geography as described, for example, in the recent 155-page report of the U.S. 
National Resources Council entitled  Understanding the Changing Planet: Strategic 
directions for the geographical sciences  (NRC  2010  ) . Building on these indications 
of potentially promising connections, this chapter advances an analysis of LTSER 
and contemporary geography that argues in favour of their rich and potentially 
vigorous, albeit previously overlooked collaborations. 

 Within contemporary geography, the sub fi eld of human-environment and nature-
society geography, referred to here as HE-NS, offers a particularly close correspon-
dence to LTSER. HE-NS geography is distinguished by a focus on human-environment 
interactions and nature-society relations (Zimmerer  2010c  ) . It requires integration 
of the environmental sciences, blending biogeophysical and social science approa-
ches, in order to examine interconnected and recursive HE-NS interactions and 
relations, with substantive and often bi-directional in fl uences across the realms 
of nature and society. As a distinct sub- fi eld, HE-NS is a cornerstone of the quadri-
partite approach of current four- fi eld geography – a common academic, intellectual, 
and institutional structure – with the other  fi elds being human geography, physical 
geography, and GIScience/cartography (Fig.  8.1 ; Zimmerer  2007  ) . 1  HE-NS geography 
closely resembles LTSER’s de fi ning focus on the “structurally coupled” interactions 
of human societies and their environments (Haberl et al.  2006 : 5) and, also, LTSER’s 
consideration and incorporation of social science concepts that “explain social 
processes without denying biophysical processes” (Singh et al.  2010 : 385). The 
HE-NS-based frame of this study should be seen as complementary to related 
geographic perspectives (e.g. spatial data infrastructure and human-environmental 
observatories of the HERO project; Yarnal et al.  2009  )  and richly institution-centred 
approaches (e.g., Vajjhala et al.  2007  ) .  

 The goal of this study is to undertake the systematic identi fi cation of a conceptual 
“common ground” of LTSER, HE-NS geography, and several related and important 

   1   This four- fi eld organisation is re fl ected in the editorial structure of the  Annals of the Association 
of American Geographers , the  fl agship journal of the world’s largest geographical association, 
which distinguishes a quartet of corresponding sections (Zimmerer  2010c  ) . The  Annals  structure 
grew out of trenchant arguments and debate advancing HE-NS as one of the predominant identities 
of contemporary geography (Butzer  1990 ; Kates  1987 ; Turner  1989,   2002 ; Zimmerer  2010c  ) . 
Other geographic  fi elds also promise vitally important contributions to LTSER and allied 
approaches—and indeed ones that are already recognised—such as the data infrastructure 
advances and other pioneering contributions of the Human-Environment Regional Observatory 
(HERO) project and its “collaboratories” (Yarnal et al.  2009  ) .  
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interdisciplinary approaches. Section  8.2  undertakes the analysis of potential “open 
points of contact” to LTSER through the drawing of connections to several key 
concepts, along with concrete examples, that have been developed within the six 
principal thematic areas of HE-NS: (i) Coupled Human-Environment Interactions; 
(ii) Sustainability Science, Social-Ecological Adaptive Capacity, and Vulnerability; 
(iii) Land-Use and Land-Cover Change (LUCC) and Land Change Science 
(LCS); (iv) Environmental Governance and Political Ecology; (v) Environmental 
Landscape History and Ideas; and (vi) Environmental Scienti fi c Concepts in Models, 
Management, and Policy. 1  

 At the outset it is important to note that the thematic areas identi fi ed above 
show correspondence to a pair of partially distinct epistemic sub-categories, one 
associated with human-environment interactions (HE) and the other with nature-
society relations (NS) (Zimmerer  2010c  ) , as sketched in Fig.  8.1  and detailed in 
Table  8.1 . Human-environment interactions (HE) is comprised most notably of 
coupled human-environment interactions; sustainability science, social-ecological 
adaptive capacity, and vulnerability; and land-use and land-cover change (LUCC)/
land change science (LCS). Nature-society relations (NS), as the other sub-category, 
consists chie fl y of political ecology and environmental governance; environmental 
landscape history and ideas; and environmental scienti fi c concepts in models, 
management, and policy. The partial distinctness of these sub-categories owes to 
the noticeable sharing and overlap of certain ideas (e.g., environmental governance). 
It also owes to the interpretation of potential conceptual co-existence, in addition 
to scholarly debate and contestation, that has become vital to understanding the 
increased epistemological range of contemporary HE-NS geography (Zimmerer 
 2007 ; Turner  2009 ; Turner and Robbins  2008  ) .  

 Analysis in the following sections is focused on a group of key themes and 
related concepts regarding spatial and temporal scale, human-environment and 
nature-society interaction, and particular insights and applications stemming from 
environmental social-ecological science theories and methodologies. The study 

  Fig. 8.1    Visualisation of the principal intellectual spaces of Nature-Society Geography       

 



166 K.S. Zimmerer

then brie fl y evaluates the roles of environmental interdisciplinarity and policy 
(Sect.  8.3 ), a case study of Andean watersheds in the upper Amazon basin (Sect.  8.4 ), 
and conclusions (Sect.  8.5 ).  

    8.2   Themes and Concepts: Geography and LTSER 

    8.2.1   Coupled Human-Environment Interactions 

 Coupled social-ecological systems, a core focus of LTSER (Haberl et al.  2006 : 1), 
is also a sustained emphasis of geography and closely related  fi elds such as ecological 
and environmental anthropology (Bassett and Zimmerer  2003 : 99–101; see also 
Knight  1971 ; Nietschmann  1972 ; Grossman  1977,   1981 ; Watts  1983 ; Turner  1989, 
  1997,   2002 ; Knapp  1994 ; Zimmerer  1994,   1996 ; Walters and Vayda  2009 ; Singh 
et al.  2010  ) . In LTSER frameworks these coupled interactions are described as “signals 
of global environmental change and their impacts on ecosystems across the world” 
(Haberl et al.  2006 : 1). This LTSER conceptualisation resembles a stimulus-response 
model of human-environment interactions, while also it recognizes that the human 
component is “complex and cannot be treated as an organism with consistent 
reactions to external stimuli” (Redman et al.  2004 : 163). HE-NS geography has 
developed an orientation that is broadly related; it is illustrated, for example, in the 
concept of “decision-making in land management” coupling individual and household-
level choices to economic and environmental signals (Blaikie and Brook fi eld  1987 : 
70). Understanding these complex couplings has been conceptualised as processes 
operating at multiple, interconnected spatial scales, typically moving from the local 
to the global, in both geography (e.g., “chains of explanation” in Blaikie and 
Brook fi eld  1987 : 27 and “event ecology” in Walters and Vayda  2009  )  and in LTSER 
(e.g., “focus on multi-scale approaches;” Redman et al.  2004 : 167–168). In geography 
the “chain of explanation” has contained a pair of principal formulations that vary 

   Table 8.1    Core themes of this study and the levels of correspondence to principal areas (Human-
environment interactions and nature-society relations) of the geographic sub- fi eld (see also Fig.  8.1 )   

 Human-environment 
interactions  Nature-society relations 

 1. Couple human-environment interaction  Moderate-high  Moderate-high 
 2. Sustainability science, social-ecological adap-

tive capacity, and vulnerability 
 High  Moderate 

 3. Land-use and land-cover change (LUCC) 
and land change science (LCS) 

 High  Moderate 

 4. Environmental governance and political 
ecology 

 Moderate  High 

 5. Environmental landscape history and ideas  Moderate  Moderate 
 6. Environmental scienti fi c concepts in models, 

management, and policy 
 Moderate  High 
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with respect to the conceptualisation of the initial link (see also Rocheleau  2008  ) . 
This concept’s earlier version posits the initial link of the land or resource manager 
to local social interactions and environmental change (e.g., soil degradation), then 
to regional-level ones and  fi nally to national and international political economies 
(Blaikie and Brook fi eld  1987 : 27). Subsequently, in a revised version, it is biogeo-
physical processes of human-environmental change that are proposed as the actual 
point of departure in the multi-level scaling of explanations of land-use change 
(Blaikie  1994  ) . 

 Numerous NS-HE examples focus on interactive agricultural and development 
responses to climate change that are differentiated at multiple  interlinked  social-
ecological scales, both spatially and temporally (e.g., across seasonal time spans; 
Liverman  1990 ; O’Brien and Leichenko  2003 ; Polsky  2004  ) . Another cluster of 
relevant examples stems from geographic studies of herding, livestock, and range 
ecology in Africa (Bassett  1988 ; Dougill et al.  1999 ; Benjaminson et al.  2006 ; Butt 
et al.  2009  ) . Fine-grain research reveals that coupled interactions of political 
and ecological changes occur at interlinked local, regional, and global scales (e.g., 
through the local gender politics of women herders, for example, that is interlinked 
to regional markets; Turner  1999  ) . 

 HE-NS geographic contributions have underscored that the in fl uence of economic 
and political forces, and their fusion via political economy, can be evident at local 
scales, even while such forces stem conspicuously from national, international, and 
global scales. This insight has applied and built on the theory of structuration, indicating 
the embeddedness of  both  agency in individual, household and  fi rm behaviours  and  
their in fl uence on “structures” consisting of such factors as market conditions, social 
power relations and policy parameters. Household-level land-use decisions and 
participation in political movements, for example, is mutually embedded in government 
policies about land use in Peru and Mexico (Zimmerer  1991 ; Chowdhury and Turner 
 2006 ; see also Brenner  2011 ; Laney  2002  ) . This longstanding HE-NS engagement 
of the structuration concept has enabled the analysis of agricultural intensi fi cation 
and disintensi fi cation within environmentally sensitive tropical and sub-tropical 
environments. The structuration-based perspective on mutually constitutive, multi-
scalar processes in HE-NS change suggests the opportunity for productive dialogue 
regarding LTSER’s emphasis on scale (e.g., Haberl et al.  2006 : 6), including the relations 
of human-environment interactions to non-local politics, economy, and political 
economy (Redman et al.  2004 : 164).  

    8.2.2   Sustainability Science, Social-Ecological Adaptive 
Capacity, and Vulnerability 

 HE-NS geography is powerfully in fl uenced through the concepts of sustain-
ability science and the related areas of social-ecological adaptive capacity and 
vulnerability (Adger  2000a,   2006 ; Kates  1987 ; Kates et al.  2001 ; Mustafa  2005 ; 
Parris and Kates  2003 ; Turner et al.  2003 ; Zimmerer  2010c  ) . Similar to its role 
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in geography, sustainability science is seen as central to the conceptualisation of 
social-ecological systems in LTSER (Haberl et al.  2006 : 2, 7; Singh et al.  2010 : 
379–380; note LTSER’s contributions and collaboration also connect strongly to 
environmental history, anthropology, archaeology, ecology, resilience science 
and other key approaches). The concept of adaptive capacity, described as the 
wherewithal to respond to social-ecological change, is another shared foundation-
level interest of both LTSER (e.g. Singh et al.  2010  )  and geography (e.g., Butzer 
 1990 ; Adger  2000a ; Eakin  2006 ; Easterling et al.  2007  ) . One other deeply shared 
concept is vulnerability – the exposure to social-ecological change – that serves 
as a shared core tenet in HE-NS geography (e.g., Cutter  2003 ; O’Brien and 
Leichenko  2003 ; Polsky  2004 ; Mustafa  2005 ; Barnett et al.  2008  ) , and LTSER 
(e.g., vulnerability concepts and measures in the HERO project’s observatory 
design; Polsky et al.  2009  ) . 

 The potential of future geographic contributions to LTSER rests on a number of 
conceptual areas covered by sustainability science, social-ecological adaptive 
capacity and vulnerability. Whereas LTSER sees social-ecological dynamics as 
understood through “the theory of complex adaptive systems” and related concepts 
(Singh et al.  2010 : 382), geography and related environmental social sciences 
tend to stress the complexity of human-social dynamics and relations, such as the 
potentially in fl uential and differential role of social and economic power dynamics. 
So while LTSER is fully aware of multiple “spatiotemporal scales” and the deep 
chronology of nature-society interaction (Haberl et al.  2006 : 6), the tendency is 
to place emphasis on the commensurability of spatial and temporal scales in human-
environmental adjustments and adaptive capacity. One illustration is the ecological 
theoretical-based concept of temporal scaling via the adaptive cycle (Singh et al. 
 2010 : 382–384), a four-phase sequence of exploitation, consolidation, creative 
destruction and re-organisation. 

 HE-NS geography and related  fi elds are engaged and do adopt the above ideas, 
while they also tend to engage more fully in philosophical perspectives and 
speci fi c critiques. For example, a productive debate is aimed at examining the 
extent to which adaptation does, or even can, account for various sorts of HE-NS 
behaviours and socially related activities (e.g., Watts  1983 ; Adger  2000b  ) . A fuller 
perspective is provided also by highlighting the underlying foundations of adap-
tation and adaptive capacity as time-based concepts intrinsically linked to 
temporal heterogeneity. New perspectives on temporal heterogeneity of human- 
and social-environment interactions underscore the role of multiple overlapping 
scales from extremely short to long-term (Guyer et al.  2007  ) . It can include 
such temporal pulses as short 5–10-year dynamics of policy shifts, ownership 
transitions, generational micro-politics, altered crop and cultivation successions, 
land re-occupation, and frontiers (see also Medley et al.  2003  ) . The importance 
of these examples – such as forest-policy related impacts on deforestation behaviours 
and frontier dynamics – is that they help de fi ne potential groupings of interaction-
based time spans that would be of use to the design and conceptualisation of 
future LTSER.  
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    8.2.3   Land-Use and Land-Cover Change (LUCC) 
and Land Change Science (LCS) 

 Geographic analysis of land-use/land-cover change (LUCC) – evolved into land change 
science (LCS) (Turner et al.  2007 ) – utilises the concepts and methods of human and 
cultural ecology, human dimensions of global change, regional science, GIScience, 
remote sensing, and landscape science and ecology. This approach couples the eco-
nomics and policy-driven interactions of land-use decision-making and the analysis of 
land-cover change (typically analysis of remotely sensed images; Rindfuss et al.  2007  ) . 
It relies on combined empirical and modelling approaches that integrate spatially 
explicit interactions of socioeconomic signals (including market prices and policy 
in fl uences) and environmental complexity in establishing predictions of the pro-
cesses and outcomes of land-cover change (Walker  2003 ; Walker and Solecki  2004 ; 
Caldas et al.  2007  ) . The emphasis of LUCC/LCS on diachronic change bears close 
relation to a  fi rst-order orientation of LTSER, as well as to the scienti fi c and policy 
community concerned with global environmental change (GEC). Equally signi fi cant is 
a shared emphasis on model building and veri fi cation, along with the major incorpo-
ration of GIScience, that characterise this approach in geography (e.g., agent-based 
simulation modelling; Parker et al.  2003  )  along with pioneering formulations of LTSER 
(Redman et al.  2004 : 168–169; Singh et al.  2010 : 390–391). 

 To–date, LUCC/LCS studies are focused mostly on forest-cover change with a 
preference for frontier settings. Processes of forest-cover change occur across a spec-
trum from deforestation (for example in conversions to pastureland and agriculture; 
Mertens and Lambin  2000 ; Müller and Munroe  2008  )  to reforestation in new “sec-
ondary forest transitions” (Rudel et al.  2002 ; Klooster  2006 ; Farley  2007 ; Ramankutty 
et al.  2010  ) . Focus on forest-cover change and frontier settings is both productive and 
well-placed as well as suggestive of possible re-conceptualisation. On the one hand, it 
is strategically relevant to major issues of global environmental change such as carbon 
transfers and forest biodiversity (e.g., on the latter, see Cowell and Dyer  2002 ; 
Naughton-Treves  2002 ; Voeks  2004  ) . On the other hand, LUCC/LCS approaches in 
geography and LTSER are increasingly in need of understanding landscape interac-
tions in addition to human-forest dynamics (Seto et al.  2012 ). Transitions of urban 
and within agricultural areas, such as shifts within multi-species and high-biodiversity 
agroecosystems, are increasingly recognised as important to biogeochemical cycles 
and global change (Turner  2010 ; Zimmerer  2010a,   b  ) .  

    8.2.4   Environmental Governance and Political Ecology 

 Environmental governance is a principal emphasis of political ecology, an approach in 
HE-NS geography and the environmental sciences that “combines the concerns of ecol-
ogy and a broadly de fi ned political economy” (Blaikie and Brook fi eld  1987 : 17; see 
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also Bassett  1988 ; Grossman  1993 ; Rocheleau and Thomas-Slayter  1996 ; Zimmerer 
and Bassett  2003 ; Robbins  2004 ; Neumann  2005 ; McCarthy  2006 ; Campbell 
 2007  ) . Similarly environmental governance is proposed as one of the 4–5 essential 
themes of LTSER (Haberl et al.  2006 : 5, 11–13). Both political ecology and LTSER 
are inclined to adopt a broad de fi nition of governance as “…interventions aiming 
at changes in environment-related incentives, knowledge, institutions, decision 
making, and behaviors” (Agrawal and Lemos  2006 : 298). The role of multiple 
ways of knowing about the environment, ranging from scienti fi c know-how to 
local knowledge, is one example of a governance topic that is central area both 
in geographic political ecology (Bassett and Zimmerer  2003 : 101–102) and in 
LTSER (Haberl et al.  2006  ) . Another example is the role of human settlements 
and common resource-use areas as spaces of concentrated socio-ecological 
systems, which is a focus of political ecology that includes an urban focus 
(Giordano  2003 ; Seto et al.  2010 ; Zimmerer and Bassett  2003 ; Petts et al.  2008  )  
and the related albeit distinct approach of “urban metabolism” that is considered a 
potential conceptual foundation of LTSER (Haberl et al.  2006 : 8–9; Singh et al. 
 2010 ; 379–380). 

 The theme of environmental governance replete with potentially fruitful intersec-
tions to LTSER. One concerns the role of multiple knowledge systems, in addition 
to environmental science per se. Considered central to LTSER, it is described as the 
“need to harness indigenous knowledge” (Haberl et al.  2006 : 11). Political ecology 
has unpacked the complex interactions of diverse ways of knowing and learning in 
combination with Western science and underscored the interconnectedness of these 
knowledge systems through social power relations, politics, and philosophy (on the 
role of corridor ideas in East African wildlife conservation as “boundary concepts” 
connecting local and scienti fi c knowledge see Goldman  2009 ; see also Robbins 
 1998 ; Bassett and Koli Bi  2000 ; Voeks  2004 ; Goldman et al.  2011  ) . As a result, 
multiple systems of environmental knowledge are often socially entwined, 
frequently form knowledge hybrids and are politically contested This perspective 
both builds upon and is a general contrast to an earlier ethnoscience approach in 
geography, anthropology and related  fi elds that, in a now outdated view, concep-
tualised these twin knowledge systems as parallel and subject to the potential of 
science to “tap” non-Western ways of knowing. 

 Future work on environmental governance may promise productive intersec-
tions of political ecology with LTSER. These research directions range from the 
development and application of territorial concepts – focused, for example, on the 
overly rigid “scalar  fi xes” of environmental certi fi cation in organic coffee produc-
tion in Mexico that ironically may create sustainable practices on single plots 
while undermining sustainability at the landscape scale (Mutersbaugh  2002  ) , Thai 
forest conservation (Roth  2008  ) , and, more generally, protected-area conservation 
(Zimmerer  1999  ) . One take-home message from these geographic studies is that 
territorial dynamics are central, both enabling and limiting, to many certi fi cation 
programmes, such as sustainable forestry (Klooster  2006  )  and payments for eco-
system services (McAfee and Shapiro  2010  ) . As examined broadly in political 
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ecology and related approaches (Bakker  2005 ; Bebbington  2000 ; Klooster  2006 ; 
Bailey  2007  ) , neoliberal policies have also ushered in an evolving panoply of 
instruments associated with “market environmentalism” that are widespread and 
potentially relevant to LTSER site-selection and design criteria (Coomes and 
Barham  1997  ) . 

 At the level of local places, these policies often pivot on the roles of non-
governmental organisations (NGOs) in the context of local livelihoods, and regional, 
ethnic, and social power relations including gendered interactions, resource- and 
land-related social movements and political disparities (Simmons  2004 ; Wolford 
 2004  ) . Their programmes and projects offer many important examples for possible 
LTSER (e.g., land reform, social movement initiatives, sustainable forestry, organic 
agriculture). While sometimes bene fi cial, the interventions aimed at improving the 
livelihoods of certain less powerful social groups, such as those de fi ned by ethnicity 
or gender, may back fi re if their success becomes commandeered by dominant 
sectors in these societies. Examples include women irrigators in certain parts of 
Africa, whose increased food-growing capacity, while bene fi tting from the imple-
mentation of pro-women development projects, has been usurped through conjugal 
relations with male household heads (e.g., Carney  1993 ; Schroeder  1997  ) . Indeed 
the time-span of these gender-related interactions may offer insights to LTSER, as 
well as generally in the broader feminist perspectives of environmental geography 
(Momsen  2000 ; Reed and Christie  2009  )  and speci fi cally in the approach of feminist 
political ecology (Rocheleau  1995 ; Rocheleau and Thomas-Slayter  1996 ; Rocheleau 
and Edmunds  1997 ; Nightingale  2003 ; O’Reilly  2006  ) . 

 HE-NS contributions have also expanded to focus on the interplay of gover-
nance institutions and landscapes in a range of coupled socio-environmental 
resource systems. Building upon earlier research (Bassett and Zimmerer  2003 : 
99–101), such geographic advances on the governance of coupled systems encom-
pass: (i) community- and user-based (and nationally and internationally in fl uenced) 
management of  fi sheries, marine organisms, and forestry and range resources 
(Robbins  1998 ; St. Martin  2001 ; Young  2001 ; Mutersbaugh  2002 ; Mans fi eld  2004 ; 
McCarthy  2006 ; Campbell  2007  ) ; (ii) water resources in urban planning, interna-
tional relations, and irrigation, including response management and mitigation of 
climate change (Wescoat  1986 ; Emel and Roberts  1995 ; Bakker  2005 ; Perreault 
 2008 ; Petts et al.  2008 ; Birkenholtz  2009 ; Feitelson and Fischhendler  2009 ; 
Norman and Bakker  2009 ; Gober et al.  2010  ) ; (iii) biodiversity and environmental 
conservation in utilized landscapes (Zimmerer  1999 ; Naughton-Treves  2002 ; 
Campbell  2007 ; Roth  2008  ) ; (iv) agriculture, land tenure, land change, pesticide 
use, and agrarian reform and policy institutions, including urban and periurban 
food production (Grossman  1993 ; Muldavin  1997 ; Schroeder  1997 ; Freidberg 
 2001 ; Hovorka  2005 ; Galt  2010 ; Jepson et al.  2010  ) ; (v) modern environmentalism 
and popular movements for social and environmental justice (Bowen et al.  1995 ; 
Pulido  2000 ; Liu  2008  ) ; (vi) state environmental agencies (Feldman and Jonas 
 2000  ) ; and (vii) industrial and manufacturing regulation (Willems-Braun  1997 ; 
Prudham  2003  ) .  
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    8.2.5   Environmental Landscape History and Ideas 

 The theme of environmental landscape history and ideas is a richly active tradition 
in HE-NS geography. Indeed a historically oriented environmental geography, 
associated with the so-called Berkeley School of Carl O. Sauer, is one of the principal 
precursors to contemporary HE-NS geography – it effectively adopted an approach 
of “cultural-historical ecology” that forged an explicit emphasis on cultural and 
historical explanation with the use of ecological reasoning (Zimmerer  1996,   2010c  ) . 
Similarly, historical conceptualisation is central to LTSER where “long term” 
implies the need for time-based frameworks so as to be able to “monitor change 
over time and recognize the dynamics and impacts of transitions” (Redman et al. 
 2004 ; Haberl et al.  2006 : 7). The potential of speci fi cally shared historical orientations 
include the long-term time frame of human- and paleo-environmental change 
(Butzer  1990,   1992 ; Denevan  1996 ; Redman et al.  2004 ; Dull  2007  ) ; an informed 
lang durée perspective (Bassett and Zimmerer  2003 : 98–99; Haberl et al.  2006 : 7); and, 
in particular, the complex nature of baselines and benchmarks in these chronological 
comparisons (Etter et al.  2008 ; Haberl et al.  2006 : 7). 

 Historical concepts of environmental and landscape change are a vitally important 
arena for the connected area of LTSER and HE-NS geography. Shared interests 
include such concepts as legacy impacts, the estimation and signi fi cance of variable 
rates of change, and path-dependent trajectories of change (in LTSER see Haberl 
et al.  2006  ) . Three further intersections can also be highlighted with respect to 
HE-NS geography. One is the opportunity for multiple temporal scales of human-
environmental change to be seen as interlinked to multi-scalar global transformations 
(Turner  1991  ) . Another is the debunking of the so-called “Pristine Myth” through 
the use of multi-century frameworks combining environmental historical landscape 
analysis and complex sociocultural encounters stretching across pre-colonial and 
colonial periods to present-day settings (Denevan  1992  ) . These works demonstrate 
the ample, albeit limited, resilience of landscapes amid European colonial conquests 
and exploitation of varied societies and resource environments. For example, initial 
colonialism in Latin America (1500s-mid-1600s) often unleashed a pulse of de-
vegetation and soil loss, whose characteristics were shaped through pre-existing 
environmental changes of the pre-European period (e.g., under Inca, Maya, and 
Aztec imperial concentrations of resources and people). Subsequently, environ-
ments regenerated and demonstrated a new fairly stable con fi guration of landscapes 
for a couple centuries or potentially longer (mid-1600s–1800s; Butzer  1992 ; 
Denevan  1992 ; Doolittle  1992 ; Gade  1992 ; Whitmore and Turner  1992 ; End fi eld 
and O’Hara  1999 ; Sluyter  2001 ; Dunning et al.  2002 ; see also Butzer and Helgren 
 2005  ) . This multi-century time scale may be of interest in retrodictive LTSER. The 
third is the deeply fused social-ecological nature of environmental historical 
landscape change, whose understanding is being advanced also through concepts 
of “socionatural hybrids” in geographic works on water resources (Swyngedouw 
 1999  ) , forest management (Robbins  2001  ) , networks of protected areas designed 
for sustainable use (Zimmerer  1999  ) , and a range of other resource areas (   Goldman 
et al.  2011 ).  
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    8.2.6   Environmental Scienti fi c Concepts in Models, 
Management, and Policy 

 Scienti fi c concepts are similarly at the scholarly centres of HE-NS geography and 
LTSER alike. One important shared concept concerns equilibria and non-equilibria in 
human- and social-environmental interactions. It is a foundation of LTSER that “the 
maintenance of any equilibrium over long time spans is unrealistic” (Singh et al.  2010 : 
379). LTSER also holds this concept as central to social-ecological dynamics “as ‘open 
systems’ operating far from equilibrium” (Singh et al.  2010 : 384; see also p. 382). 
Similarly HE-NS geography has focused on the concept of equilibria and non-equilibria 
in social-ecological systems, with speci fi c reference to geographic models of adapta-
tion and carrying capacity. For example, the adaptation of crop biodiversity in many 
agroecosystems is condition through non-equilibrial processes that lead to generalist 
adaptive capacity within peasant and indigenous food-growing strategies (Zimmerer 
 1994  ) . Recent geographic works have extended and expanded these ideas on ecological 
carrying capacity (Sayre  2008  ) , the hydrologic cycle (Linton  2008  ) , biological conser-
vation corridors (Goldman  2009  ) , the science of back-to-nature farming (Ingram  2007  ) , 
and scienti fi c forestry management (Willems-Braun  1997  ) . These works analyse the 
power of scienti fi c ideas as deriving from geographic dimensions and their social use 
in environmental management, such as so-called boundary concepts in place-based 
sites of interaction, negotiation, and dispute (Goldman  2009  ) . Scienti fi c concepts 
thus both re fl ect and also actively in fl uence the interactions of environmental science 
and scientists with environmental management, policymakers, and stakeholders. 

 Re fl exive practice, ethics, and the promise of participatory approaches are 
another particularly productive dimension of scienti fi c concepts and their applica-
tion, taken broadly, that is integral to HE-NS geography and LTSER. Re fl exivity, 
namely the inclusion of scientists and their institutions within models  per se , can 
help account for and manage environmental change given its dense social fabric and 
the extent of scienti fi c complexity and uncertainty (Taylor  2005 ; Goldman et al. 
 2011 ). Issues of re fl exivity, ethics and participatory approaches have been consid-
ered in cultural and political ecology in the context of development (Bassett  1988 ; 
Grossman  1993  ) , applied philosophical pragmatism (Wescoat  1992  ) , and social 
constructivism (Demeritt  2001  ) . The roles of science, scientists and citizens in 
responding to global climate change in particular have contributed to various new 
approaches emphasising re fl exivity, ethics, and participation (Shrader-Frechette 
 1998 ; Schneider  2001 ; Easterling et al.  2007  ) .   

    8.3   Geography and LTSER: Environmental 
Interdisciplinarity and Policy 

 Above-mentioned concepts of HE-NS geography offer promising interconnections 
to LTSER also via environmental interdisciplinarity and policy. Similar to many 
 fi elds, HE-NS geography must translate and communicate its knowledge systems to 
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other disciplines and policymakers in addition to the general public and citizen 
groups (Bracken and Oughton  2006  ) . This translation may be conceptualised as 
occurring across geography’s “environmental borderlands” (Zimmerer  2007  ) ; it 
occurs via ties with disciplines as diverse as ecology, ecological and environmental 
anthropology, environmental and resource sociology, environmental history and 
environmental, agricultural and resource economics. Current environmental interdis-
ciplinarity is seen as posing unprecedented importance and potential opportunities 
for geography as a consequence of the restructuring of the academy (Turner  2002  )  
and the expansion of interdisciplinary programmes (Baerwald  2010 ; NRC  2010  ) . 
Geography’s contributions are well developed with respect to the certain interdis-
ciplinary realms of human-environmental research (see details in Zimmerer 
 2010c  ) , such as earth system science and ecological science (Pitman  2005 ; Marston 
 2008  ) ; broad environmental social science (Agrawal  2005 ; Goldman et al.  2011 ; 
Rocheleau  2008  ) ; and environmental history (White  2004  ) . 

 Translation of HE-NS geography is equally vital with regard to environmental 
policy. Such potential and often practical contributions have been underscored in 
recent works (Wescoat  1992  ) , especially those pertaining to sustainability science 
(Kates  1995  ) , vulnerability science (Cutter  2003  ) , human dimensions of global 
environmental change (HDGEC; Turner  1991  )  and climate change (Easterling 
et al.  2007  ) , as well as socially sustainable conservation geographies (Zimmerer 
 1999  ) . Environmental policy-related issues include climate change responses and 
mitigation; biodiversity and environmental conservation; energy and impact assess-
ment; sustainable resource management and agriculture; urban and industrial 
environments, planning and design including topics such as “smart growth” and 
transportation; and environmental economics, justice and social movements 
(Wilbanks  1994 ; NRC  1997,   2010 ; Liverman  1999,   2004 ; Robbins  2004 ; Skole 
 2004 ; Yarnal and Neff  2004 ; Neumann  2005 ; McAfee and Shapiro  2010  ) . More 
generally these policy contributions re fl ect the expanded engagement of HE-NS 
geography with a “normative turn” engaged with environmental values and environ-
mentalism. Geography’s directions as outlined in this section thus offer extensive 
similarities to the concerns, beliefs and values that have been expressed as underlying 
motivations and commitments of LTSER (Redman et al.  2004 ; Haberl et al.  2006 ; 
Singh et al.  2010  ) .  

    8.4   Andean Watersheds of the Upper Amazon 
and Networked Sites 

 Watersheds of the tropical Andes are critical environments well-suited to application 
of the concepts identi fi ed above as promising a “common ground” for HE-NS geog-
raphy and LTSER. More than 100 million people reside in the mountain watersheds 
between Venezuela and Argentina. Social-ecological criticality is pronounced in 
the Central Andes (Ecuador, Peru, and Bolivia). These mountainous headwaters 
of the Amazon basin are resilient global hotspots of both “wild” biodiversity and 
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complex agroecosystems (Zimmerer  2010a,   b  ) . At the same time the Central Andes 
is subject to multiple trajectories of pronounced social-ecological change. 
Geographically it is a prime candidate for LTSER efforts. This section draws on my 
having worked, lived and researched intermittently for nearly 30 years with local 
farmers, irrigator groups and their communities along with extensive collaborations 
with local scientists, NGOs, government agencies, and environment-development 
institutions in Peru, Bolivia, Ecuador, and Colombia. This section is focused primarily 
on the Cochabamba region of central Bolivia. 

 Recent research in Cochabamba is used to offer, by way of brief description, illus-
trations of several of the principal concepts mentioned in Sect.  8.2  (above) where 
there are notable intersections of geography and LTSER (Table  8.2 ). The  fi rst illus-
tration is the sketch of time frames of combined water-resource and agricultural land 
use (Table  8.3 ; see also Sects.  8.2.1  and  8.2.5 ). This example deploys the concept of 
differentiated temporal scaling arising through human-environment interactions. 
It draws on the evidences of the Calicanto irrigated area, nearby uplands, and the 
surrounding “High Valley” ( Valle Alto ) of Cochabamba. Policies of Bolivia’s current 
government of Evo Morales (2006) are placing a new emphasis on the production 
and consumption of indigenous food plants with the goals of enhancing food security 
and reinforcing adaptive capacity with regard to climate change. These Bolivian gov-
ernment policies are beginning to exert in fl uence in the Calicanto area (e.g., increased 
cultivation and culinary celebration of “ancient foods” or  ñawpaq mikhuna ).   

 Due to its duration, a more well-de fi ned illustration is the impact on water-
resource and agricultural land use of neoliberal multiculturalism during recent 
decades (1985–2006, especially 1998–2006) (Table  8.3 ). Policy expressions included 
the support of indigenous ethnodevelopment based on community resource management 

   Table 8.2    Case study-based illustrations of concepts at the intersection of geography and LTSER   

 Case study feature 
 Concept (from Sect.  8.2  with 
Subsection(s) noted) 

 Examples of general 
works cited 

 Calicanto irrigation and 
agricultural land use 
epochs (see Table  8.2 ) 

 Coupled human-environment 
interactions ( 8.2.1 ); temporal 
scaling and multiple time frames 

   Chowdury and Turner 
 (  2006  )  

 Environmental governance and 
political ecology ( 8.2.4 ); policy, 
state, and NGO in fl uences 

 Perreault  (  2008  )  
 Bassett  (  1988  )  

 Landscape history and ideas ( 8.2.5 ); 
temporal scaling and non-local 
interactions 

 Butzer  (  1990  )  
 Doolittle  (  1992  )  

 Calicanto irrigation and 
social-ecological 
transitions within land 
use categories 

 Land-Use/Cover Change (LUCC) 
and Land Change Science 
( 8.2.3 ); extension to non-forest 
transitions 

 Naughton-Treves  (  2002  )  
 Rudel et al.  (  2002  )  

 Cochabamba-Chapare-
Northern Potosí LTSER 
Network (see Table  8.3 ) 

 Coupled human-environment 
interactions ( 8.2.1 ); complex 
spatial scaling and geographic 
network formation 

 Zimmerer  (  1999  )  
 Campbell  (  2007  )  
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and customary water rights ( usos y costumbres ; see Perreault  2008  ) . Development 
NGOs working in conjunction with the Bolivian government during this period – 
see Zimmerer  (  2009  )  – illustrate a synergy of LTSER and geography at the conceptual 
intersection of governance issues and political ecology affecting water-resource and 
agricultural land use (Table  8.2 ; see also Sect.  8.2.3 ). These recent time frames show 
overlap with modern state-led agrarian development (1952–1985) that propelled 
big dam projects, national land reform, and Green Revolution-style development 
strategies (Table  8.3 ). Each of these epochs of water-resource and agricultural land 
use, distinguished through government policies and human-environment interac-
tions (speci fi cally state-peasant coalition; multicultural neoliberalism, and modern 
state-led agrarianism and big-dam development), describes a time frame potentially 
worthy of incorporation into LTSER models and monitoring. Previous time frames 
can also be identi fi ed as potentially of interest (Table  8.3 ). 

 Focus on water-resource and agricultural land use in the Calicanto area of the 
“High Valley” also illustrates the role of important interaction concepts involving 
human-environment relations and structuration in particular (see Sect.  8.2.1 ). Modern 
water-resource development in the form of an internationally  fi nanced irrigation 
project (the LLP), centred on the building of a dam, was not solely an imposition of 
external forces (Zimmerer  2011a,   b ; see also Chowdury and Turner  2006 ; Brenner 
 2011  ) . Indeed many local irrigators were central agents in the enactment of these 
changes since they eventually offered crucial support of the LLP. Yet this modern 
development project led to the eclipse of the irrigators’ own pre-existing water-
resource management that comprised a landscape technology of spate irrigation or 
hybrid  fl oodwater-canal farming. Their spate irrigation had bene fi ted from mutually 
reinforcing bi-directional links with sediment- and nutrient-rich runoff, intensive 
agriculture, migration, and local economic development (Zimmerer  1993,   2011b  ) . 
Mounting concerns led the Calicanto irrigators to push for major design adjustments of 
the LLP and contributed to the transition to community-based resource management 
at the site (Zimmerer  2009  ) . In short, local resource-users were fully engaged, albeit 
certainly not as equals, in the playing out of large-scale policy and economic forces 

   Table 8.3    Examples    of temporal scaling of human-environment interactions and water-resource/
agricultural land use in Bolivia (19th and 20th centuries)    

 Predominant scaling processes time period  Approximate time period 

 State-peasant coalition (Evo Morales administration), government 
support of indigenous foods and climate-change policies 

 2006 

 Neoliberalism with increased multiculturalism and ethnodevelopment, 
leading to legal recognition of indigenous irrigation customs (usos 
y costumbres, see Perreault  2008  )  

 1985–2006 

 Modern state-led agrarian development, with promotion of big dam 
projects and Green Revolution-style modern development 

 1952–1985 

 Modern private (estate) and technology-centred projects  1910–1952 
 State/estate control through taxation and tribute (“tributary state”)  1826–1910 

  With speci fi c reference to the geographic area of the Calicanto irrigated area, nearby uplands, and 
“High Valley” of Cochabamba during the time period since national independence  
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(this example of structuration in land-use decision-making is akin to common 
occurrences in the Central Andes and elsewhere; see Zimmerer  1991 ; Chowdury 
and Turner  2006 ; Brenner  2011  ) . 

 The case-study of the Cochabamba region can also be used to advance a spatial-
network approach informed by the intersection of geography and LTSER. One poten-
tial con fi guration of such sites would be based on spatial-environmental networks 
that are formed through the movement of people and environmental goods (Table  8.4 ). 
The latter is vividly inscribed, for example, through the seed-exchange patterning of 
high-agrobiodiversity Andean food plants. Most irrigated-agricultural land users in 
the Calicanto area and the surrounding “High Valley” of central Cochabamba obtain 
their seeds of high-agrobiodiversity Andean maize and other food plants through local 
and regional seed networks reaching across valleys and upland Andean areas (e.g., 
from their Cochabamba communities to the nearby northern Potosi region) (Table  8.4 , 
see also Zimmerer  2010a  ) . At the same time, the movements of people across land-
scapes, mostly as a result of labour migration, is extremely important due to its high 
frequency and role in environment-related activities that range from agriculture to 
forest impacts (whether deforestation/degradation or resilience-enhancing forest man-
agement). For example, many land users from the “High Valley” and northern Potosí 
work seasonally or semi-permanently in lowland tropical areas of the Andean foot-
hills (e.g., the lowland tropical Chapare region) (Table  8.4 ). The type of network of 
LTSER sites described here aims to recognize HE-NS processes as tracing multiple 
designs and scales in extending complexly across landscapes (see also Zimmerer 
2000:358–60), rather than primarily or solely as sites based on single parcels, sites, or 
rigidly nested scalar hierarchies (Table  8.2 , see also Section  8.2.1    ).   

    8.5   Conclusion 

 Substantive interconnections and promising synergies have been shown to charac-
terise the relations of NS-HE geography and LTSER. This study has systematically 
identi fi ed and examined the interconnections in the following principal themes: 
(i) Coupled Human-Environment Interactions; (ii) Sustainability Science, Social-
Ecological Adaptive Capacity, and Vulnerability; (iii) Land-Use and Land-Cover 
Change (LUCC) and Land Change Science (LCS); (iv) Environmental Governance 
and Political Ecology; (v) Environmental Landscape History and Ideas; and 
(vi) Environmental Scienti fi c Concepts in Models, Management, and Policy. These 
six themes are core areas within current HE-NS geography, one of the principal 
divisions of contemporary four- fi eld geography. The study has highlighted intercon-
nections in terms of concepts and theoretical constructs along with speci fi c examples, 
with secondary emphasis, albeit important, on research design and methods. Study 
 fi ndings detail the richness of numerous well-demonstrated interconnections, as 
well as ample potential for increased scienti fi c and intellectual interchange and 
institutional collaboration. In conclusion, geography and LTSER share a signi fi cant 
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degree of general similarity, albeit with corresponding distinctness, that promises 
ample and potentially vital opportunities for future crossover, collaboration and 
shared directions. 2  

 Key conceptual nodes of the potential collaboration of geographic approaches 
and LTSER show a range from the spatial and temporal scaling of social-environ-
mental processes to the potential design of multi-site social-environmental net-
works. Conceptualisation of spatial and temporal scaling is especially relevant and 
important, and points to the usefulness of such concepts as socioenvironmental 
structuration. One chief insight comes from the idea of historical HE-NS junctures 
and transitions amid change processes. The case of Bolivia’s environmentally vital 
Andean watersheds illustrates the role of temporal junctures in the water resource 
landscapes associated with transitions of national agrarianism (1950s), modern irri-
gation (1960s-early 1990s) and community-based resource management (early 
1990s-present). Field studies of the Bolivian Andes are also used to suggest the 
potential design of multi-site networks for social-environmental analysis and moni-
toring. Such networks would be seen as comprised of geographic places connected 
through integrated social-environmental processes (e.g., migration and high-agro-
biodiversity seed exchange and food supply) and thus a complement and extension 
of existing LTSER concepts of network design.    

     End Note 

1.  Each of these    themes within HE-NS geography represents a core theme, with ample intersecting 
and crossing-over among them, and is de fi ned on the basis of a content analysis of more than 
90 articles published between 1990 and 2010 (Zimmerer  2010c  ) . Recent HE-NS geography 
evokes the image of multiple braided streams, in contrast to the earlier dichotomous 
con fi guration; on this history of HE-NS geography see Zimmerer  (  2010c  ) . In addition to the 
themes mentioned here, HE-NS geography includes emphasis on climate change adaptations 
and mitigation, conservation geography, cultural and human ecology, theoretical environmental 
geography, human dimensions of global change, land change science, natural hazards, political 
ecology, social-ecological resilience, sustainability science, vulnerability science, and several 
others (Castree et al.  2009  ) .  

   2   It is important to highlight that HE-NS geography consists of a pair of partially distinct epistemic 
sub-categories, one associated with human-environment interactions (HE) and the other with 
nature-society relations (NS) (Zimmerer  2010b  ) , as sketched in Fig.  8.1 . Human-environment 
interactions is comprised most clearly of coupled human-environment interactions; sustainability 
science, social-ecological adaptive capacity, and vulnerability; and land-use and land-cover change 
(LUCC)/land change science (LCS). Nature-society relations consists chie fl y of political ecology 
and environmental governance; environmental landscape history and ideas; and environmental 
scienti fi c concepts in models, management, and policy. The partial distinctness of these sub-
categories owes to the noticeable sharing and overlap of certain ideas (e.g., environmental gover-
nance) (see Zimmerer  2010b  ) . It also owes to the interpretation of co-existence, in addition to 
contestation, that has become vital to HE-NS geography (Zimmerer  2007 ; Turner  2009 ; Turner 
and Robbins  2008  ) .  
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  Abstract      Environmental scientists from across the spectrum of physical and 
biological disciplines are generally agreed that human activities are integral to eco-
systems and are organising research networks to identify and address contemporary 
ecological questions. However, without ready and open access to diverse social 
areas of expertise and practice, environmental scientists alone will not be able to 
succeed in carrying out forward-looking, problem-oriented research on simultane-
ously maintaining Earth’s life support systems and meeting human needs. This 
chapter addresses the speci fi c contribution of anthropology to LTSER research by 
answering two questions. First, given the numerous calls for interdisciplinary 
research is there still a role for individual disciplines in contemporary, problem-
oriented environmental research? Second, contrary to popular views on what anthro-
pology is and anthropologists do, what is the speci fi c role of anthropology as a 
discipline in LTSER research? The chapter ends with two case studies from ongoing 
research in the Coweeta LTER Project in Southern Appalachia that rely on 
anthropology.  

  Keywords   Long-term natural experiment  •  Place-based research  •  Interdisciplinary 
collaboration  •  Coweeta LTER  •  Regional anthropology         

    9.1   Introduction 

 Recognising that pristine systems are rare or non-existent and that the human foot-
print is global and pervasive (Vitousek et al.  1997 ; Grimm et al.  2000  )  serves as a 
point of departure for examining the contribution of anthropology to LTSER research. 
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In terms of the practice of science as usual, there is now general agreement that 
research should view human activities as integral to ecosystems and that it is 
important to carry out forward-looking, problem-oriented research on simultane-
ously maintaining Earth life support systems and meeting human needs (Palmer 
et al.  2004  ) . 

 Earth systems are now changing faster than disciplinary research can advance 
knowledge about their total functioning, and many of the phenomena that underlie 
global environmental change are nonlinear and cross-scale. In response to this situ-
ation, environmental scientists from across the spectrum of physical and biological 
disciplines, and selected social disciplines, are self-organising into research net-
works for the purpose of identifying and addressing contemporary ecological ques-
tions (Gragson and Grove  2006 ; Carpenter  2008  ) . Several of these networks are 
now recognised as environmental observatories – the Long-Term Ecological 
Research Network (LTER, Hobbie et al.  2003  ) ; the National Ecological Observatory 
Network (NEON, Keller et al.  2008  ) , the Oceans Observatory Initiative (OOI, Isern 
and Clark  2003  ) , the Global Lake Ecological Observatory Network (GLEON, Kratz 
et al.  2006  ) , and the Critical Zone Observatory program (CZO, Anderson et al.  2008  ) . 

 There is no doubt that observations derived from these networks will individu-
ally and collectively enhance society’s long-term capacity to detect and understand 
change. However, without the explicit incorporation of social disciplines and the 
long-term monitoring of social factors it will not be possible to develop models to 
forecast future conditions in ways that substantively address commonly identi fi ed 
issues about the interaction between humans and biophysical systems. In short, 
without ready and open access to diverse social areas of expertise and practice, 
ecologists may not exploit the most cogent or important connections of their research 
(Boynton et al.  2005  ) . 

 In the following pages I address the contribution of anthropology as a discipline 
to LTSER research. I begin by positing two questions that arise with respect to the 
contribution of any discipline, but in particular a social science discipline, to LTSER 
research. The numerous calls for interdisciplinary research since Vitousek’s article 
appeared would seem to eclipse the role of disciplines – is there still a role for indi-
vidual disciplines within contemporary, problem-oriented environmental research? 
Given the vernacular view of what anthropology is and anthropologists do – what is 
the role of anthropology in LTSER research? After responding to these questions, 
I provide two case studies derived from research in the Coweeta LTER Project in 
Southern Appalachia, a member of the US-LTER Network, that depend on anthro-
pology as a discipline.  

    9.2   Disciplines in an Interdisciplinary World 

 The questions we confront scienti fi cally and societally defy easy categorisation or 
solution by traditional disciplinary frameworks. The major challenge in current 
LTER research, a US research programme that has its roots in the ecosystem ecology 
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of the late 1960s and early 1970s (Coleman  2010  ) , is responding effectively to the 
call for integration in light of transformations over the last decade in conceptual, 
 fi scal and policy landscapes. The abstract bene fi ts for integrative research at the 
boundaries between disciplines are indeed exciting (Peters et al.  2008  ) . Nevertheless, 
it is equally important to understand the conditions by which the promise of inter-
disciplinarity translates into changes in practice that ensure the vaunted potential of 
the approach is realised. It should come as no surprise that the constraints on inter-
disciplinary partnerships increase as the scale and scope of the collaborations 
increase. A question is whether there continues to be a role for individual disciplines 
within contemporary, interdisciplinary environmental research. 

 In the United States, diverse federal agencies including the National Institutes for 
Health (NIH), the National Science Foundation (NSF), the National Academy of 
Sciences (NAS) as well as a variety of private organisations such as Ford, MacArthur, 
Keck, and Heinz have invested heavily in research that transcends single disciplines 
to focus on a variety of social and environmental problems. While industrial and 
government laboratories and non-academic settings have largely succeeded in fos-
tering problem-driven research that allows researchers to move easily between 
working groups, academic institutions are notorious for the administrative and cul-
tural “drag” placed on researchers who would engage in cross-disciplinary research 
and teaching (CFIR  2004 ; Whitmer et al.  2010  ) . 

 State-chartered institutions in particular have emphasised technical advances and 
the understanding of physical processes as a calculated structural response to fund-
ing issues (Jacobs and Frickel  2009 ; Wainwright  2010  ) . This re fl ects both the fed-
eral funding landscape of the last decade, but also the desire on the part of university 
of fi cials to avoid con fl ict with representatives at state and federal levels that might 
jeopardise institutional funding. Research into social and/or biological processes 
has been particularly contentious and the National Science Foundation a special 
target of opportunity in this political arena. Actions include systematic dis-invest-
ment in certain programmes and more recently a call to eliminate the Social, 
Behavioral and Economics Directorate, the principal source of social science 
research funding in the United States (Coburn  2011  ) . The resulting tension for indi-
viduals between the scienti fi c promise of interdisciplinary research and the prospect 
of tenure and promotion is a true concern at many academic institutions (Rhoten 
and Parker  2004  ) . 

 Strong advocates of interdisciplinarity are reacting to the situation in academia 
when they describe disciplines as disconnected silos that inhibit innovation and 
sti fl e inquiry on topics outside the narrow con fi nes of each discipline. It is neverthe-
less important to recognise that change in academia does occur through the perse-
verance of individuals. However, there is little empirical research on the processes 
by which individuals engage in integration and synthesis across disciplines to build 
explanations and solve problems of relevance to them and the broader society 
(Hackett and Rhoten  2009 ; Jacobs and Frickel  2009  ) . 

 Bibliometric research provides a window on the practices of individuals and a 
view of science as an interconnected web of scholarship. In a study conducted by 
the National Science Foundation (NSF  2002  ) , cross-disciplinary citation rates range 
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from highs of 38.3% in biology to lows of 16.8% in earth sciences; the social sciences 
fall in the middle at 22.7%. Of the 11 broad  fi elds into which the social sciences 
were grouped, 71.7% of citations in area studies come from journals in other disci-
plines. Economics is the most insular with only 18.7% of references based on 
research outside of economics. Anthropology (i.e., ethnography) and archaeology 
are grouped together, and 47.2% of all citations in these two areas of study come 
from outside the discipline (Table 6–54, NSF  2002  ) . 

 Advances in understanding within or beyond disciplines result from the collective 
action of members of a scienti fi c or intellectual community who organise themselves 
to address an identi fi ed problem (Khun  1962 ; Jacobs and Frickel  2009  ) . The trans-
formative promise of interdisciplinarity thus lies in its capacity to interpenetrate dis-
ciplines. This translates into participants engaging in novel communicative forms 
and opening channels for renegotiating disciplinary boundaries that generate new 
epistemic standards (Fuller and Collier  2004 ; Jacobs and Frickel  2009  ) . The empiri-
cal focus of research thus shifts from the structural nature of disciplinary interrela-
tions to questions of process. However, it does not mean the disciplines are no longer 
important in contemporary interdisciplinary research. According to Abbott  (  2001  ) , 
disciplines contribute abstract, theory-driven knowledge that is substantively neces-
sary to the problem-driven knowledge that interdisciplinarity tends to produce. 

 In the realm of environmental research, learning how to manage feedbacks 
between ecosystems and humans is vital if we are to move toward a world in which 
the health of ecosystems and the wellbeing of humans are maintained if not 
improved. Every ecosystem on Earth is in fl uenced by human actions (Vitousek et al. 
 1997 ; Palmer et al.  2004  ) , leading to the realisation that many if not most of today’s 
pressing issues require environments to be viewed as socio-ecological systems (Liu 
et al.  2007  ) . We need to focus on the dynamic processes of socio-ecological systems, 
not merely the processes characteristic of de-coupled social or ecological systems, 
through research that is place-based, long-term, cross-scale, and comparative 
(Collins et al.  2011  ) . 

 The focus on patterns that proxy the relation between humans and the environment – 
e.g., land cover change being a prime example – has precluded signi fi cant attention 
in environmental research to the processes that derive from behavioural decisions at 
scales from the individual to the institutional level. The nature of the problems we 
confront, however, require that human behaviour and the institutions they organise 
themselves into be treated as endogenous elements of ecosystem change, which in 
turn means dissecting processes of perception, valuation, communication and 
response of real actors operating within identi fi able systems (Sayer  2000 ; Westley 
et al.  2002 ; Haberl et al.  2006 ; Collins et al.  2011  ) . Disciplines still matter because 
they make possible the  cross-scale  research necessary to resolve between the agent 
and system dimensions of socio-ecological research. 

 Humans self-organise into diverse social systems that exhibit scale dependencies 
and capabilities that qualitatively change the dynamics of socio-ecological systems. 
Local actors can modify, ignore, and counteract the in fl uence of public policy and 
regulator instructions yet remain subject to the in fl uence of national laws and mul-
tilateral trade that are in turn responsive to diverse institutional antecedents and 
path-dependencies (Gibson et al.  2000  ) . Disciplines also matter because they are 
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fundamental to ensuring the study of socio-ecological systems as  long-term  natural 
experiments. The legacy of past decisions, especially when they involve land-cover 
change, landscape transformations, or the built environment guide future options by 
facilitating certain actions and raising barriers to others (Gragson and Bolstad  2006  ) . 
Different disciplines approach the various dimensions of decision-making in dis-
tinct ways that help understand the transitions over time that can guide us toward a 
sustainable future. 

 One value frequently emphasised of interdisciplinary research is that it can 
uncover the full complexity and speci fi city of concrete reality (Hackett and Rhoten 
 2009  ) . This value derives from interdisciplinary research being oriented to socially 
relevant “real-world” problems that no single discipline can resolve (Funtowicz and 
Ravetz  1993 ; Klein  2000 ; Whitmer et al.  2010  ) . “Applied”, “use-inspired” or 
“engaged” research has made interdisciplinary “problem-solving” the focus of 
knowledge production (Klein  2000 ; Whitmer et al.  2010  ) , but this implies that 
research be  place-based . Place-based research by de fi nition involves local stake-
holders – citizens, scientists, public servants, or other individuals belonging to 
diverse groups varying in self-interest and outlook. Places are not simply backdrops 
to human activity – they are the outcomes of activity and in turn shape activity 
(Rodning  2009  ) . It takes time to build places, live in them, and abandon them. 
Disciplines continue to matter in this context because not all disciplines bring to 
bear the critical experience of how to establish rapport between discussants within 
inter-cultural encounters, sample across qualitatively distinct human groups, or have 
the re fl exive awareness necessary to foster “team science” (Stokols et al.  2003 ; 
Hackett and Rhoten  2009 ; Jacobs and Frickel  2009  ) . 

 Finally, nothing that humans do is ever “natural” in the vernacular meaning of 
the word. The ultimate grand challenge for social science, top-ten questions not 
withstanding (Giles  2011  ) , is to account for the diversity of human actions while 
acknowledging that humans the world over are basically the same biologically. In 
short, how can we understand individuals and groups without resort to biological 
essentialism while acknowledging that humans are a special kind of social animal 
organised into culturally-distinct societies? Place-based research draws attention to 
the existence of and the necessity to account for human diversity. The risk of place-
based research is being interesting but irrelevant, given that environmental problems 
and their solutions are global in scope. Research that engages this challenge draws 
on theories and methods that can ensure that both the research and the results are 
 comparative  and potentially of transcendent value.  

    9.3   More Than Vernacular Anthropology 

 The previous section gives credence to why disciplines continue to matter in an inter-
disciplinary world given the demand for contemporary environmental research that 
is place-based, long-term, cross-scale and comparative. The question remains as to 
what the potential contribution of anthropology is to LTSER research. To address 
this question we must  fi rst confront what is more than anything a vernacular or 
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popular view as to what anthropology is and anthropologists do. While this discussion 
has a decidedly American bias, it still serves to render more clearly the disciplinary 
contribution of anthropology to a global environmental research agenda. 

 Like all disciplines, anthropology has a disciplinary history linked to founding 
fathers and mothers. However, it is the history of the discipline during the last half 
of the twentieth century that is particularly relevant in this context. Clifford Geertz 
has been characterised as the most in fl uential American cultural anthropologist of 
the second half of the twentieth century. His writings are viewed by many as de fi ning 
and giving character to the intellectual agenda of a meaning-centred, non-reductive 
interpretive social science (Shweder and Good  2005  ) . Geertz argued that cultural 
anthropology studied people living in out of the way places by participating in their 
daily lives (Gable  2011  ) . He further believed that the role of anthropology was to 
interpret the guiding symbols of each culture, which Geertz described as “a system 
of inherited conceptions expressed in symbolic forms by means of which people 
communicate, perpetuate, and develop their knowledge about and attitudes toward 
life” (Geertz  1977 : 89). 

 For Geertz, ethnographic encounters in out–of–the–way places were the basis for 
illustrating large ideas in philosophical essays that made only passing references to 
the work of previous authors (Gable  2011  ) . His method of choice was  thick descrip-
tion . Geertz claimed to have adopted the term from philosopher Gilbert Ryle (Geertz 
 1977 : 3), a follower of Wittgenstein. There is no denying the place of philosophy, 
meditation, and thick description in advancing certain kinds of knowledge within 
anthropology. And, Geertz’ writing was seductively persuasive in guiding many 
anthropologists as to the disciplinary means for contributing to the collective under-
standing of what it means to be human. While having enormous personal in fl uence on 
the discipline, Geertz advocated an approach emphasising contrasts, which was an 
extension and transformation of the long Western meditation on the savage going back 
through Freud, Durkheim, Marx, Rousseau, Montesquieu, and Hobbes. 

 The savage in this view is a person who is different from yet similar to the 
Westerner. Each  tribe  – Balinese and Moroccan or ecologists and anthropologists – 
has its own culture and while similarities abound, it is the contrasts that are empha-
sised. The most common preconception about anthropology by those outside the 
discipline is that it consists of anthropologists in search of commonsense understand-
ings of what culture is by reasoning or meditating on contrasts derived from the study 
of people living in out–of–the–way places. From this vantage point anyone can be, 
and frequently tries to be, an anthropologist – personal experience is the only prereq-
uisite for explanation. However, commonsense understandings of what culture is that 
circulate in vernacular discourse, as contrasts between nature vs. culture, developed 
vs. developing, etc., are not suf fi cient to the needs of LTSER. 

    9.3.1   Anthropology as a Problem-Oriented Discipline 

 Anthropology is a non-paradigmatic discipline and its value to LTSER research lies 
in being a “boundary discipline.” There are several dimensions to this characterisation 
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of the discipline, but as with all intensive research, the primary concern lies with 
what makes things happen in speci fi c cases (Sayer  2000 : 20–1). Sol Tax’s research 
 (  1963  )  is a counter-example of the anthropological approach advocated by Clifford 
Geertz, and an interesting case of the circular interdisciplinary  fl ow of information 
and concepts that advance understanding. Tax worked during the 1930s in the Indian 
community of Panajachel, Guatemala, and the results of his research and that of 
those who relied on it has been so thoroughly incorporated into the mainstream of 
anthropology and economics that it is dif fi cult to appreciate how revolutionary the 
results were at the time. 

 From when Tax carried out his research up through its publication it was widely 
accepted among economists and policymakers that the marginal product of labour 
in agriculture in developing countries was zero. This meant that labour could be 
withdrawn from agriculture for industrialisation at no cost to agricultural produc-
tion (Abler and Sukhatme  2006  ) . It was also widely argued that farmers in develop-
ing countries were guided by tradition or culture in the vernacular sense of the word, 
and therefore did not respond to economic incentives. Tax, who undertook his study 
prior to the diffusion of general equilibrium theory in economics, sought to demon-
strate that the economic life of Indian communities was not unduly dominated by 
irrational beliefs or religious in fl uences, and that it could be comprehended with the 
analytical tools of microeconomic theory. For example, he argued that the residents 
of Panajachel were true representatives of the species Homo economicus. 

 Tax summarised his research with the claim that he discovered among the Indians 
not just evidence of individual rationality, but a “money economy organised in sin-
gle households as both consumption and production units with a strongly developed 
market which tends to be perfectly competitive” (Tax  1963 : 188). To focus only on 
his conclusion is to miss the signi fi cance of Tax’s contribution not only to under-
standing, but the means to understanding (Schweigert  1994 ; Ball and Pounder  1996 ; 
Abler and Sukhatme  2006  ) .  Penny Capitalism  is a true example of a real world 
economy. Tax literally “discovered” peasant rationality, economic ef fi ciency at the 
individual enterprise level, and the ubiquity of the price mechanism in a remote, 
rural community later to be termed an LDC – lesser developed country (Schweigert 
 1994  ) . Theodore Schultz, who in 1979 would be the  fi rst development economist 
awarded a Nobel Prize, cites the work of Sol Tax as major evidence in support of his 
ef fi cient-but-poor hypothesis (Schultz  1964  )  – farmers make ef fi cient use of the 
resources available to them. 

 The two major contributions of the work of Schultz (Ball and Pounder  1996  )  
were  fi rst, to refute the notion that farmers in developing countries are poor because 
of their cultural characteristics including lack of a work ethic, failure to understand 
the idea of saving, or ignorance about the best way to use their resources. The second 
was the policy implication that followed from this assessment of farmer behaviour. 
Succinctly, Schultz noted that outside experts such as extension agents and develop-
ment advisers could not help farmers improve productivity merely by suggesting a 
reallocation of available factors of production. Investments in education were 
required to facilitate the diffusion of new factors that could enhance productivity. In 
short, local knowledge has value in itself and engaging in a dialogue with local 
practitioners is productive. 
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 Research on poverty by Tucker et al.  (  2011  )  is a very contemporary expression 
of anthropology as a problem-oriented discipline that draws on a disciplinary inter-
est coincident with the origin of modern anthropology in the United States. Franz 
Boas  (  1916  ) , frequently referred to as the “Father of American Anthropology,” and 
Alfred Kroeber  (  1916  ) , a student of Boas famous in his own right for developing the 
culture area concept, challenged heredity-based explanations for gaps in wealth and 
achievement in the United States common in the early twentieth century. Tucker 
et al. also build directly on theoretical, disciplinary and methodological advances 
that emerge in the wake of the research by Sol Tax at Panajachel. 

 Poverty reduction is a multi-billion dollar undertaking that each year engages 
researchers, national governments, and international development organisations 
from around the globe in discussions and activities that seek to curb the psychoso-
cial suffering, morbidity and diverse problems associated with the condition. Those 
involved in attempts to reduce poverty hope to demonstrate moral commitment to 
improving the quality of life while promoting security and stability (Hayami and 
Godo  2005 ; Tucker et al.  2011  ) . Nevertheless, poverty is both dif fi cult to de fi ne and 
hard to measure, which accounts in many ways for the range of theoretical vantage 
points used since the 1960s by anthropologists to examine lives of the poor. These 
include underdevelopment (Escobar  1995  ) , political economy (Roseberry  1988  ) , 
modes of production (Siskind  1978  ) , neoliberal policy (Morgen and Maskovsky 
 2003  ) , consumption (Douglass and Isherwood  1996  ) , and vulnerability (Oliver-
Smith  1996  ) . 

 Placed within environmental and ecological anthropology, however, the work of 
Tucker et al. (Tucker et al.  2011  )  seeks to understand the human-environment rela-
tion (Haenn and Wilk  2006 ; Dove and Carpenter  2008  )  while speaking to policy-
relevant issues of social justice and human health. Their research also runs counter 
to a disturbing trend noted in environmental anthropology (as well as ecology) for 
publishing qualitative thought and opinion pieces unsubstantiated by empirical 
evidence or analysis (Charnley and Durham  2010  ) . Tucker et al. ask how individu-
als labelled as “poor” in non-Western societies with poorly developed markets in 
which resources of all kinds are more often obtained through non-monetary 
exchange understand and experience poverty? They create a dialogue between a 
folk model developed from focus group research among Masikoro (farmers), Vezo 
(farmers and  fi shermen), and Mikea (forager-bricoleurs) in southwestern Madagascar 
and four theoretical models from economics and anthropology. 

 Tucker et al. clarify that folk models neither validate nor reject theoretical expla-
nations, but help researchers understand the kind of interventions that would be 
culturally appropriate and effective in speci fi c settings. This is because the folk 
model is best at revealing community – and regional-level concerns. The Western 
model that best helps understand the experiences of poverty and wealth in south-
western Madagascar is Mode of Production. This model explains the occurrence of 
poverty as the consequence of social relations of production that favour the more 
powerful and create winners and losers (Meillassoux  1981 ; Wolf  1982 ; Graeber 
 2006  ) . The model also helps identify the key to reducing poverty: change property 
rules to reduce or eliminate exploitation. The signi fi cance of this research is that 
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Tucker et al.  (  2011  )  show that the close correspondence between the folk model and 
the Mode of Production model reveal that pro-growth development will exacerbate 
rather than reduce poverty under the prevailing conditions in southwestern 
Madagascar.  

    9.3.2   Anthropology Beyond the Savage 

 Despite the hold on the public imagination of the Geertzian idea of anthropology as 
the study of people living in out of the way places, anthropologists also examine the 
cultures they belong to. In the late 1960s, Laura Nader  (  1969  )  suggested that anthro-
pology had done far too much “studying down” and advocated ethnographers to 
also “study up” by treating as natives upper-level administrators, scientists, and 
government of fi cials in order to identify the values and beliefs that underlie the 
decision-making of elites. For Nader, the purpose of “studying up” was to expose 
how power is naturalised and made normal and invisible. 

 The study of organisations and institutions is ever more important in contempo-
rary environmental research, in which decision-making depends on integrating 
scienti fi c understanding to a deliberative process that ensures the science is judged 
relevant to the decision and credible to the affected parties (Brewer and Stern  2005  ) . 
This contemporary concern for democracy in many situations challenges us to think 
about what kinds of rules and forms of enforcement can result in order. In other 
words, how do congeries of people regardless of political structure come to act as a 
group and how do its members self-identify as members of a group? A related ques-
tion is how a particular social structure affects and in fl uences the way thought is 
ordered and systematised at the personal level. These are fundamentally anthropo-
logical questions that have been widely examined at numerous locales under highly 
diverse circumstances since the middle of the nineteenth century (e.g., Morgan 
 1877  ) , yet they also show the compounding in fl uence of interdisciplinary discussion 
over time. 

 Garret Hardin’s  (  1968  )  work on the commons equated the commons with trag-
edy, and argued that humans will inevitably overexploit resources that are open to 
all. Hardin’s solution of “mutual coercion mutually agreed upon” opened the pos-
sibility of social control to regulate access (Hardin  1968 : 1247). This work helped 
to side-step prevailing heroic assumptions that individuals either behave identically 
or that they merely react to external pressure. Vayda and Rappaport built on this idea 
of social control (Vayda and Rappaport  1968  )  and pointed out that the tragedy of the 
commons could be avoided by implementing institutions that promote action in the 
collective interest. Ciriacy-Wantrup and Bishop described how common property 
institutions have played socially bene fi cial roles since prehistory (Ciriacy-Wantrup 
and Bishop  1975 : 713) while Ostrom differentiated between common-pool resources 
and common property management systems (Ostrom  1990  ) . 

 Institutions are the “rules of the game” (Acheson  2003  )  or the “ways of organising 
activities” (Dietz et al.  2003  ) . They are the social controls that permit the resolution 
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of the collective action dilemma and provide for control over a resource. Crawford 
and Ostrom  (  1995  )  identify three approaches – institutions-as-equilibria, institu-
tions-as-norms, and institutions-as-rules – but argued that the three approaches sim-
ply highlight different opportunities and constraints. They suggested that the ideal 
course of action was to examine what they termed institutional statements (Crawford 
and Ostrom  1995 : 583). Such statements are the shared strategies, norms, and rules 
that govern behaviour by permitting, forbidding, or prescribing actions. Axelrod 
 (  1986  )  called them norms, March and Olsen  (  1989  )  called them rules, and Bourdieu 
 (  1977  )  called them doxic elements of action. 

 Shared strategies refer to those actions that people generally take or avoid not 
because there is moral or social pressure to do so or because there are externally-
imposed consequences for doing so, but because they feel that it is the most bene fi cial 
course of action in itself. Kiser and Ostrom  (  1982  )  drew on the diverse and largely 
disconnected literature regarding the effect institutions have on behaviour to create 
a meta-theoretical framework for understanding the relationship. Their framework 
distinguishes between three interrelated yet separate levels of analysis: the opera-
tional level, the collective choice level, and the constitutional level. The three levels 
represent a hierarchy in which the decisions and actions at one level serve to cir-
cumscribe those that can be made at lower levels. 

 Research by Elinor Ostrom has challenged the conventional wisdom that com-
mon property is poorly managed and should either be regulated by central authori-
ties or privatised. For this, she received the 2009 Nobel Prize in Economics. These 
insights are fundamental to the work of anthropologists aided by Nader’s reframing 
of who is a “native” that has resulted in three distinct approaches to organisations: 
(1) organisations as vessels or containers of cultures (Fiske  1994  ) ; (2) organisations 
as ongoing social processes with a focus on social interactions, relations, events and 
dynamics involved in the production, reproduction, and alteration of organisational 
life (Conkling  1984  ) ; and (3) the study of policies, policy-makers and the powerful 
(Heyman  2004  ) . The epistemological distinction between actors and systems 
expressed in these ideas are fundamental to examining the relations that hold 
between individuals, institutions and organisations within LTSER research (Haberl 
et al.  2006  ) . 

 The functional connectivity of resource-use systems and ecosystems, made more 
obvious than it already was by globalisation and climate change, presents real chal-
lenges for environmental governance (Brondizio et al.  2009  ) . Most resources are 
linked horizontally to other resources at a similar spatial level, and vertically to 
larger and smaller systems, with connectivity mediated by levels of social organisa-
tional complexity that can range from a local household to an international gover-
nance entity (Charnley and Durham  2010  ) . Anthropological research has been 
particularly important in showing that there is no unique and globally applicable 
solution for governing ecosystems and their services effectively, ef fi ciently, and 
equitably on a sustainable basis. As Tucker et al.  (  2011  )  show for southwestern 
Madagascar, the disciplinary strength of anthropology has been the analysis of insti-
tutional resource-use systems that facilitate the coproduction, mediation, translation 
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and negotiation of information and knowledge within and across levels (Lansing 
 1991 ; Guillet  1998 ; German et al.  2009 ; Orlove and Caton  2010  ) .  

    9.3.3   Anthropology of the Mind 

 The subdiscipline of cognitive anthropology explores the sharing and transmission 
of culture and knowledge (D’Andrade  1995  ) . It rests on a distributional view of 
culture as shared understanding within a group of people represented by coherent 
logical structures termed cultural models (Kempton et al.  1996 ; Romney and Moore 
 1998 ; Bang et al.  2007  ) . The basic building blocks of cultural models are mental 
models, that are simpli fi ed representations of the world held by an individual that 
allow them to interpret observations, generate novel inferences, and solve 
problems. 

 The organisation of knowledge, the perception of environment, and the structure 
of the environment itself are linked in complex ways (Kaplan and Herbert  1987 ; 
Atran et al.  1999 ; Stern  2000 ; Dutcher et al.  2007 ; Hunziker et al.  2008  ) . 
Understanding this relation, however, is important to understand resources from a 
macro-social perspective in order to better manage the resources, optimise their 
allocation, and design policies for their use. This is an issue at the boundary between 
disciplines to which anthropology and several other disciplines have been major 
contributors. One of the singular contributors was Harold Conklin, who conducted 
extensive ethnoecological and linguistic research in Southeast Asia in which he 
focused on indigenous ways of understanding and knowing the world that devel-
oped by “living in the environment.” The approach is commonly referred to as 
ethnoscience (Atran  1993 ; Ingold  2000  ) . 

 Individuals organise information about the world into cultural models responsi-
ble for constructing the beliefs held by the individual; beliefs inform how individu-
als evaluate their surroundings, and result in rankings of classes of objects linked to 
preferences (Slovic  1995 ; Druckman and Lupia  2000  ) . Preferences in turn provide 
individuals with inferential structure to their interactions with the world, and it is 
clear that the formation of preferences re fl ects both factors internal to the individual 
as well as beyond their personal control. These include the social and cultural con-
text in which the preferences are formed. 

 There are references in this research to the ageless problem of the savage as 
someone both different from and similar to the Westerner. For example, Claude 
Lévi-Strauss argued that the “savage” mind had the same structures as the 
“civilised” mind although human characteristics were the same everywhere giving 
rise to structuralism or the search for the underlying patterns of thought in all forms 
of human activity  (  1968  ) . The approach brings  mind  out of the realm of philosophy 
into a problem-oriented framework providing the basis for understanding decision-
making (Purcell et al.  1994 ; Dutcher et al.  2004 ; Kaplan and Austin  2004 ; Hunziker 
et al.  2008  ) . 
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 Individual decisions are not strictly based on the quantity or quality of resources, 
but on the comparisons of the relative value of different options and the marginal 
bene fi t and cost of these options. The economic value of a good or service re fl ects 
the marginal value it contributes to an individual’s utility or society’s welfare, which 
depends on many different factors, including the availability of substitutes (Bockstael 
et al.  2000  ) . In some cases, economic value is fairly easy to identify. For example, 
the value of timber can be reasonably inferred from timber prices, which re fl ect 
many independent individual decisions about the tradeoff between buying or sup-
plying timber and buying or supplying something else. However, services of nature 
such as water quantity, water quality, and biodiversity are not traded in formal mar-
kets and thus do not have a competitive market price from which to infer value. This 
does not mean these services do not have an economic value only that this value is 
harder to estimate. Anthropology is a major contributor to the determination of 
value in such situations since the work of Sol Tax and others has helped to better 
understand rationality in real world situations.  

    9.3.4   Anthropology as Cross-Cultural Comparison 

 The tendency for human groups to distort their perceptions of the different, another 
expression of the savage, only became widely appreciated during the twentieth cen-
tury. Serious efforts to overcome that distortion by inventing ways to understand 
differences in social life through categories that transcend a single group are also 
relatively recent in origin. Comparative study helps describe, explain and develop 
theories about socio-cultural phenomena as they occur in social units (groups, 
tribes, societies, cultures) that are evidently dissimilar to one another. Comparative 
social science is not a species of inquiry independent from the remainder of social-
scienti fi c inquiry. As noted by Swanson  (  1971 : 145) “Thinking without comparisons 
is unthinkable.” The act of describing a situation – e.g., densely populated or 
democratic – presupposes a universe of situations that are more or less populated 
or more or less democratic, and thus rests on the assumption that the situation 
being described lies somewhere  in comparison with  other like-situations. 

 Alexis de Tocqueville is widely hailed as a perceptive and brilliant commentator on 
American society (i.e.,  Democracy in America de Toqueville   2000 ). Yet his analysis of 
the condition of America is continually informed by his diagnosis of French society, 
and rests on an overriding preoccupation with the issue of social equality versus social 
inequality. de Tocqueville’s comparisons and contrasts were made in the context of a 
partially formulated model of the complex interaction of historical forces (Fig.  9.1 , 
Smelser  1976  ) . While attempting to maintain maximum objectivity, the problems with 
de Tocqueville’s approach are those common to many comparative studies:

    1.    The use of indirect indicators for comparative variables  
    2.    The selection of comparative cases  
    3.    The imputation of causal relations to comparative associations      
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 Comparison is an indispensable scienti fi c technique. However, it is not about 
drawing sharp distinctions between quantitative and qualitative studies as it is some-
times caricatured. It is best understood as a problem in data reduction and control of 
variation (Preissle and LeCompte  1981 ; Bollen et al.  1993  )  in the course of an 
investigation. 

 Most studies can be placed along the continua of four distinct dimensions of 
the research process. The  inductive-deductive dimension  refers to the place of 
theory in an investigation. The  generative-veri fi cative dimension  denotes the 
position of evidence within an investigation and the generalisability of the results. 
The  constructive-enumerative dimension  refers to the ways in which the units 
of analysis of a study are formulated and delineated, while the  subjective-objective 
dimension  refers to the internal vs. external vantage point from which observa-
tions are made. Reference back to these dimensions helps with the constant com-
parison practicing anthropologists rely on in seeking to understand the diversity 
of human actions without resort to biological essentialism. Nothing done by 
humans is ever “natural” in the deterministic meaning of the term. The observa-
tion is worth making since the developmental trajectory of LTER research in the 
United States has been directed by the biological and physical sciences exclusive 
of signi fi cant social science input.   

  Fig. 9.1    Model of “circumstances remote in time and of a general order” from de Toqueville’s 
analysis of the French Revolution – factors not in parenthesis are features identi fi ed by de Toqueville; 
those in parenthesis are psychological assumptions or assertions (After Smelser  1976  )        
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    9.4   LTSER Through an LTER Lens 

 In LTSER research, individual researchers are called to address issues at the margins of 
traditional disciplinary ways of examining the world. This follows from the recognition 
that every ecosystem on Earth is in fl uenced by human actions (Vitousek et al.  1997 ; 
Palmer et al.  2004  ) . The consensus view now holds that for many of today’s pressing 
issues the environment is best studied as a socio-ecological system (Liu et al.  2007  ) . 
So-called pure social and biophysical sciences must continue, but approaches are also 
needed to understand the dynamic processes unique to socio-ecological systems. While 
calls for integration are legion (e.g., Palmer et al.  2004 ; Pickett et al.  2005 ; Farber et al. 
 2006 ; Haberl et al.  2006 ; Liu et al.  2007  ) , there are relatively few useful roadmaps for 
implementing integrated, hypothesis-driven research in socio-ecological systems. An 
exception is the recently proposed Press-Pulse Dynamics Model (Collins et al.  2011  )  
for addressing socio-ecological research needs at US-LTER sites. 

 LTER sites were initially established as human exclosures isolated from the 
effects of real world human activities so controlled interventions could be studied. 
LTER research, however, increasingly dissolves the conceptual boundary between 
the social and ecological sciences to examine the reality of a world pervasively 
in fl uenced by humans. Four fundamental, crosscutting questions emerge from an 
examination of the needs of problem-oriented research at LTER sites:

    1.    What are the human dimensions of an LTER site?

   What are the effects of land-use legacies on landscape patterns and processes – • 
past, present, future?  
  How do adjacent and regional land uses in fl uence an LTER site?     • 

    2.    How do people and organisations in fl uence the spatial and temporal scale of 
environmental conditions?

   Which conditions do they in fl uence?  • 
  Why do they in fl uence these conditions?  • 
  What are the consequences of their in fl uence?  • 
  How do social components contribute to the resilience of the system?     • 

    3.    What affects the distribution of ecological goods and services across spatial and 
temporal scales?

   In what quantities?  • 
  How are they distributed?  • 
  With what consequences?     • 

    4.    What is the role of science in environmental decision-making?

   How is community knowledge represented in LTER data?  • 
  What happens when site-level data is applied more widely or hierarchically?  • 
  What factors affect the development and longevity of natural resource deci-• 
sions, agreements and policy?  
  What should the decision-making process be?        • 
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 Humans are a biological species that under certain circumstances can be analytically 
treated like any other organism. However, the practical challenges of conducting 
socio-ecological research requires a level of sophistication in social science con-
cepts and approaches at least equal to the sophistication in biophysical science con-
cepts and approaches already evident in LTER site-level research. It is neither 
important nor necessary to convince all biophysical scientists about the inherent 
value of social science research, nor is the reverse true for social scientists vis-à-vis 
biophysical science. However,  disciplinary diversity  is required to advance socio-
ecological understanding and this diversity must cross the boundary between the 
biological and the social sciences.  

    9.5   Two Case Studies 

 Following are two case studies in which anthropology contributed to problem-
oriented research in real-world settings that emphasises the dual importance of 
theory and method for advancing understanding. The case studies derive from ongo-
ing research in the Coweeta LTER Project based in southern Appalachia (Fig.  9.2a , 
b). The 2008–2014 research objective of the project centres on understanding how 
the focal ecosystem services of water quantity, water quality, and biodiversity will 
be impacted by the transition in land uses from wildland to urban and peri-urban, 
changes in climate, and the interactions between changes in land use and climate. 
Southern Appalachia is a mountainous region in the Southeastern US characterised 
by extremely high levels of biodiversity and extensive networks of waterways. 
Elevations range from 600 to 2,000 masl while vegetation is dominated by temper-
ate deciduous forest. The climate is humid subtropical to marine humid temperate, 
with a regional average rainfall of 1,400 mm per year.  

 Evidence for southern Appalachia indicates that humans began extractive use of 
natural resources about 12,000 years ago with activities concentrated in  fl oodplains 
and cove sites (Gragson et al.  2008  ) . Land use intensi fi ed over time and today 
approximately 98% of southern Appalachia has been affected through farming, log-
ging, mining, and road building (Davis  2000 ; Gragson and Bolstad  2006  ) . While 
population has continually increased since the late 1960s, the economy has shifted 
from agriculture and manufacturing to tourism and recreation (Gragson and Bolstad 
 2006  ) , resulting in extensive reforestation of former agricultural land (Wear and 
Bolstad  1998  ) . 

    9.5.1   Valuing Ecosystem Services 

 Ecosystem services are bene fi ts that humans directly or indirectly receive from the 
natural environment at different temporal and spatial scales (Farber et al.  2006  ) . The 
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rapid in-migration to southern Appalachia provides an important opportunity to 
reconcile the impacts of behaviour at the local scale with the hydrologic processes 
associated with exurbanisation and development at the watershed scale (Groffman 
et al.  2003  ) . In this context, connecting patterns on the ground to process scales will 
link the natural endowment of ecosystem services in southern Appalachia that 
derive from abundant precipitation and dense stream networks that make the region 
a water tower (Viviroli et al.  2007  )  for the Southeastern US. Anthropology in this 
case helps move the research beyond broad a-priori claims about the universality of 
human behaviour in relation to water. 

 Coweeta LTER research has shown the value of distinguishing between land 
cover and land use (Webster et al.  2012  ) . The objective now is to scale decision-
making to the regional level so as to connect physically mediated processes 
(e.g., climate change) and socially mediated processes (e.g., exurbanisation) in 
policy-relevant ways. Traditional experiments provide only limited understanding 
of the complex interactions between services and decisions at regional scales, while 
correlation-based models omit the relevant processes (Clark et al.  2003 ; Gragson 
and Bolstad  2006 ; Ibáñez et al.  2006  ) . In addition, behavioural scientists routinely 
publish broad claims about the universality of human psychology and behaviour 
based on sampling WEIRD societies – Western, Educated, Industrialised, Rich, and 
Democratic (Henrich et al.  2010  ) . The assumption – implicit or explicit – is that 
such “standard subjects” are both representative as well as suf fi cient for understand-
ing the human condition irrespective of geography, economy, culture or any other 
social dimension. 

 For all these reasons, the Coweeta LTER research gives great importance to 
parcel-level decision-making (Fig.  9.2c , e.g., Jurgelski  2004 ; Gragson and Bolstad 
 2006 ; Chamblee et al.  2008  ) . This approach recognises that: (1) observed land-
scapes produced by actual household decisions are much patchier and have more 
edge than those predicted by utility-maximisation models; (2) the diversity of actual 
decisions made by households exceeds the practical allowance of factorial design 
experiments; and (3) there are many unobserved factors that in fl uence utility maxi-
mising decisions that are ignored in many theoretical models (Evans and Moran 
 2002 ; Cho et al.  2005 ; Bolstad and Gragson  2008  ) . Focusing on parcel-level deci-
sion-making also helps avoid explanations of human behaviour by resort to the 
“trickle down theory of neighbourhood effects” in which individual action is under-
stood as merely a response to social, spatial and/or biophysical constraints (Glass 
and McAtee  2006 ; Entwisle  2007  ) . 

 Our approach consists of combining revealed and stated preference methods with 
face-to-face interviews and representative surveys common to anthropology and many 
other social  fi elds. This enables us to record attributes about households and its use of 
the land at a particular moment in time along with knowledge on motivations, incen-
tives, and preferences necessary for explaining actual decisions (Langley  1999 ; Evans 
et al.  2006 ; Grove et al.  2006 ; Eisenhardt and Graebner  2007  ) . This cross-scale and 
cross-level approach (Brondizio et al.  2009 ; Bisaro et al.  2010  )  lets us capture the 
perceptions, values and communicative responses of individuals situated within insti-
tutions and organisations, embedded within multilevel governance regimes. 
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Anthropologically, we are bringing together the cognitive and behavioural dimensions 
of being human. The problem-oriented research is thus designed to seek solutions 
to the central paradox of exurbanisation: by moving from the city to enjoy the for-
ested and rural landscapes of southern Appalachia, people threaten not only the new 
place they now cherish but the old places they left behind.  

    9.5.2   A Legacy of Change 

 Exurbanisation and climate change are global contemporary processes. They are 
nevertheless related to a common problem in research in establishing the relation 
between humans and the environment: resolving the relative magnitude of climatic- 
versus human-induced changes across space and through time. Leigh and Webb 
 (  2006  )  used sedimentation rates to postulate that more frequent  fl ooding occurred in 
southern Appalachia during the early to middle Holocene interval of global warm-
ing, while the late Holocene had a climate regime much like the present. Forest 
disturbance records for southern Appalachia post-AD 1500 indicate the importance 
of small forest canopy gaps interrupted by occasional and noticeably higher distur-
bance peaks (Clinton et al.  1993 ; Butler  2006  ) . However, the resolution of the sedi-
mentary and biotic archives in these two instances do not allow us to distinguish 
human from climatic forcing of sedimentation or forest disturbance rates. Some 
pulses are no doubt due to natural events such as hurricanes while others relate to 
human events such as agricultural forest clearing. 

 The nature of the relation between subsistence-based populations and their envi-
ronments has long been debated. The extremes in this debate are people as agents of 
landscape degradation versus people as landscape managers. The  fi rst position is 
often advanced by those relying on archaeological and material culture evidence 
(Kay  1994 ; Krech  1999 ; Diamond  2003  ) , while the second is often advanced by 
those relying on ethnographic and observational evidence (Turner  2005 ; Berkes 
 2009  ) . These two types of evidence not only differ in scale, they are often incom-
mensurable in what they reveal about human-environment relations (Brum fi el  1992 ; 
Gragson and Bolstad  2006 ; Lepofsky and Kahn  2011  ) . The challenge is to integrate 
divergent information to develop a long-term and realistic understanding of human-
environmental interaction re fl ecting the continuum of known human behaviours 
rather than the  Homo devastans  and Noble Savage caricatures (Balée  1998  ) . 

 The transition from Native American to EuroAmerican occupation is particu-
larly important for understanding how the past helps de fi ne the present and con-
strains the future of southern Appalachia (Gragson and Bolstad  2006  ) . While parcel 
ownership serves to link current ecosystem processes and services to contemporary 
land use, much remains to be known about how landscape structure re fl ects the 
historical sequence of property systems imposed over time (Thrower  1966 ; Price 
 1995 ; Russell  1997 ; Bain and Brush  2004  ) . In a  fi rst attempt to realistically portray 
the continuum of human behaviour in relation to environment in the context of shifting 
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property regimes, we examined Cherokee town placement and population at a 
regional scale using local analytical procedures (Gragson and Bolstad  2007  ) . 

 Using the  fi rst true census of the Cherokee Nation and the  fi rst detailed English 
map of North America’s southern frontier, we modelled the constraints and trade-
offs of meeting individual settlement needs for selected resources. In this way we 
determined the “resource demand footprints” (Fig.  9.2d ) for the entire Cherokee 
territory in the early eighteenth century (Bolstad and Gragson  2008  ) . This provides 
a critical benchmark for evaluating pre-settlement land use and extends our under-
standing of the regional historic land-use mosaic. The objective is to explain how 
the various events of the eighteenth century not only led to changes in the social 
structure of the Cherokee, but reworked the geography of social relations within and 
beyond the region they occupied. Individuals in southeast history – Cherokee and 
others – have been portrayed as mere pawns in ever expanding market relations over 
which they had little or no control (Dunaway  1996  ) . The anthropological lens that 
examines the individual as “rational” within the context of a particular cultural, 
historical and environment setting helps overcome this and other forms of intellec-
tual extremism.   

    9.6   Conclusion 

 There is no doubt that pristine systems are increasingly rare, even non-existent, on 
Earth and that the human footprint is global and pervasive. This leads to the realisa-
tion that many if not most of today’s pressing issues require environments to be 
viewed as socio-ecological systems. The focus of which has moved beyond descrip-
tion, to examine the dynamic processes of coupled systems through research that is 
place-based, long-term, cross-scale, and comparative (Collins et al.  2011  ) . Through 
forward-looking, problem-oriented research, the objective is to simultaneously 
maintain Earth life support systems and meet human needs (Palmer et al.  2004  ) . 

 While acknowledging that human activities should be studied as integral to eco-
systems, it is even more important to recognise that without drawing on diverse 
social areas of expertise and practice, the biophysical sciences alone will fail to 
exploit the most cogent and important connections in socio-ecological systems. 
Disciplines continue to play an important role in an interdisciplinary world, and 
anthropology in particular contributes in signi fi cant ways to the problem-oriented 
research that challenges us to understand what it means to be human through the 
study of culture in place as well as by comparison to other cultures. 

 LTER research historically examined ecosystem processes divided into  fi ve core 
areas (Gragson and Grove  2006  ) , with human in fl uence circumscribed to controlled 
experiments (e.g., logging treatments). There is ever greater appreciation that tradi-
tional experiments provide only limited understanding of the complex interactions 
between humans and the environment (Clark et al.  2003,   2011  ) , yet limiting research 
to human exclosures or pristine settings fails to provide the information necessary 
to resolve the problems so readily evident in the world today. Ecological research is 



208 T.L. Gragson

beginning to be conducted at socially relevant scales, while social research is beginning 
to recognise that humans are both in fl uenced by and in fl uence the environments 
they occupy. 

 Biophysical and social scientists both examine how systems are organised and 
the roles played by internal versus external in fl uences (Pickett  1991 ; Pickett et al. 
 1997  ) . There is as yet no uni fi ed theory of a socio-ecological system, but place-
based, long-term, cross-scale and comparative research is moving us out of the 
realm of correlations and associations to a deeper probing of both mechanism and 
pattern (Collins et al.  2011  ) . Anthropology contributes to the disciplinary diversity 
required to advance socio-ecological understanding of the world in which we live, 
and as a boundary discipline is central in bridging between the biological and the 
social sciences.      
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  Abstract   Cities are complex socio-ecological systems (SES). They are focal points 
of human population, production, and consumption, including the generation of 
waste and most of the critical emissions to the atmosphere. But they also are centres 
of human creative activities, and in that capacity may provide platforms for the 
transition to a more sustainable world. Urban sustainability will require understand-
ing grounded in a theory that incorporates reciprocal, dynamic interactions between 
societal and ecological components, external driving forces and their impacts, and a 
multiscalar perspective. In this chapter, we use research from the Central Arizona–
Phoenix LTER programme to illustrate how such a conceptual framework can enrich 
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our understanding and lead to surprising conclusions that might not have been 
reached without the integration inherent in the SES approach. By reviewing research 
in the broad areas of urban land change, climate, water, biogeochemistry, biodiver-
sity, and organismal interactions, we explore the dynamics of coupled human and 
ecological systems within an urban SES in arid North America, and discuss what 
these interactions imply about sustainability.  

  Keywords   Urban sustainability  •  Socio-ecological system  •  Land-use change  • 
 Ecosystem services  •  Urban heat island  •  Urban footprint  •  Urban water dynamics  • 
 Urban biogeochemical cycles         

    10.1   Introduction 

 Cities are focal points of human population, production, and consumption, including 
the generation of waste and most of the critical emissions to the atmosphere. They 
also are “places” of diverse economic and social activities. Harnessed appropriately, 
the economies of scale offered by cities may provide platforms for the transition 
to a more sustainable world (Bettencourt et al.  2007  ) . Cities are complex socio-
ecological systems (SES) that include people as the dominant species, other 
organisms, and abiotic elements, as well as the social and ecological contexts for 
these components. The Central Arizona–Phoenix Long-Term Ecological Research 
programme (CAP LTER) focuses on one such system, providing the science to 
underlie urban sustainability strategies and approaches that may be applied to cities 
worldwide. As the urban challenge continues to grow, there is an urgent need to 
determine what makes cities sustainable or not; whether there is a best con fi guration, 
size, shape, or structure for urban SES; and how the impact of cities 1  on the environ-
ment outside them can be minimised while the quality of life for their inhabitants is 
maximised. 

 To address the urban challenge, CAP LTER science focuses on the broad 
question of how do the services provided by evolving urban ecosystems affect 
human outcomes and behaviour, and how does human action (response) alter 
patterns of ecosystem structure and function and, ultimately, urban sustainability, in a 
dynamic environment? The question re fl ects a conviction that  ecosystem services —
provisioning, regulating, and cultural services, 2  de fi ned as the bene fi ts that people 
derive from ecosystems (MEA  2005  ) —are the focal point of interaction between 
people and their environment. As the urban fabric and infrastructure take shape, 
modi fi cations to the environment may enhance some services and reduce others, 

   1   Cities as de fi ned here are synonymous with urban SES and the two terms are use interchangeably 
throughout the chapter.  
   2   In this chapter, we do not include “supporting” ecosystem services as a type of ecosystem service, 
since these refer to ecosystem processes and indirectly contribute to services (such as nutrient 
cycling, primary production, and so forth).  
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sometimes to the point of creating disamenities, and deliberate and unintended 
tradeoffs often result (Turner  2009 ; Bennett et al.  2009  ) . 

 The question of urban sustainability is an important one for our time because of 
the global increase in urban dwellers and consequent impacts on social and ecological 
systems worldwide (UNPD  2010  ) . Today, although urban centres cover less than 
3% of the Earth’s land surface, they are responsible for a disproportionate share of 
carbon emissions, material extraction, and water use (Brown  2001  ) . The urban 
footprint, or the total land area required for a city to accommodate these material, 
energy, and waste-assimilation needs, in some cases cover areas one to two orders of 
magnitude greater than the cities themselves (Luck et al.  2001 ; Kennedy et al.  2007  ) . 
Inputs of both energy (oil, coal, gas, and urban carbon  fi xation), and materials 
(water, food, timber, and nutrients [e.g., nitrogen, phosphorus, and carbon]) and 
their outputs (heat, in the case of energy, and wastes in air, solids, and water) are 
often described collectively as “urban metabolism” (Wolman  1965 ; Kennedy et al. 
 2007  ) , although the analogy with ecosystem metabolism or organismal metabolism 
is imperfect (Kaye et al.  2006  ) . Instead, Kaye et al.  (  2006  )  advocated a mass-
balance approach to quantifying inputs and outputs of materials for cities. Ecosystem 
metabolism of cities, referring to their energy balance, has long been described as 
an “industrial metabolism” that is highly reliant on ancient carbon, and therefore an 
important source of atmospheric CO 

2
  (Odum  1997 ; Collins et al.  2000  ) . The density 

of cities, the state of urban buildings, and resident consumption patterns each 
present additional challenges and opportunities in considering the effects of direct 
(fuel and electricity) and indirect (e.g., transportation to secure consumables for 
urban residents) energy demands on ecosystem metabolism and urban footprints 
(Weisz and Steinberger  2010  ) . Studies of ecosystem metabolism and material mass 
balance of cities reveal the dependence of urban socio-ecosystems on their hinter-
lands and even ecosystems far removed from them (Collins et al.  2000  ) . Although 
cities are by nature dependent upon external ecosystems, understanding and perhaps 
lessening this dependence is key to prospects for urban sustainability (Weisz and 
Steinberger  2010  ) . 

 Some ask whether an urban ecosystem can be sustainable at all, particularly one 
such as Phoenix, which is situated in the harsh environment of a desert and therefore 
requires extensive environmental modi fi cation to ensure “livability.” We use the 
term sustainability in this chapter to refer to the ability of an urban ecosystem to 
provide comparable levels of services to all its inhabitants, consistent with outcomes 
that enhance human well-being in broad terms, without threatening the delivery of 
ecosystem services outside the ecosystem or to future generations. Based upon this 
de fi nition, urban sustainability will require ever greater understanding of (1) the 
relationships between human well-being and the special environments of cities, 
(2) the de fi nition of ecosystem services in built and highly modi fi ed environments, 
(3) the social decisions and processes that drive the distribution of services, and 
(4) the often hidden impacts of the city ecosystem on the widening landscape from 
which it draws resources and to which it disperses wastes. These relationships and 
interactions occur across scales, are irrefutably non-linear and often unpredictable, 
and are in turn in fl uenced by external forces that are far from constant. Such 
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complexity compels a conceptual framework that incorporates reciprocal, dynamic 
interactions between societal and ecological components, external driving forces 
and their impacts, and a multiscalar perspective. 

 In this chapter, we use research from the CAP LTER to illustrate how such a 
conceptual framework can enrich our understanding and lead to surprising conclu-
sions that might not have been reached without the integration inherent in the SES 
approach. We explore the interactions of humans and ecosystems within an urban 
SES and discuss what these interactions imply about sustainability. First, however, 
we describe the conceptual framework in some detail.  

    10.2   A Conceptual Framework for Urban SES 

 In early work, the central Arizona urban SES was studied in the context of a hierar-
chical, patch-dynamics framework that originated in landscape ecology (Wu and 
Loucks  1995 ; Grimm et al.  2000 ; Wu and David  2002  ) , similar to the approach used 
by our sibling urban LTER programme, the Baltimore Ecosystem Study (BES; 
Grimm et al.  2000 ; Pickett et al.  2011 ; Grove et al., Chap.   16     in this volume). Spatial 
heterogeneity and distributions of biophysical and social variables were critical for 
understanding how metropolitan Phoenix was changing. The scaling of human and 
ecological phenomena over space and time were featured prominently (e.g., Jenerette 
et al.  2006 ; Buyantuyev and Wu  2007 ; Ruddell and Wentz  2009 ; Wu et al.  2011  ) . 
While this modelling platform met some of the requirements described above, CAP 
scientists were also working with others to conceive new models for integrating 
human and natural systems (Redman et al.  2004 ; Haberl et al.  2006 ; Costanza et al. 
 2007 ; Liu et al.  2007a,   b ; Wu  2008a,   b  ) . 

 The urban SES conceptual framework is dynamic, potentially multiscalar, and 
describes socio-ecological interactions within parts as well as for the whole hetero-
geneous system (Fig.  10.1 ). It builds upon the framework devised by the US LTER 
network (Collins et al.  2007,   2011  )  and shares themes and structure with frameworks 
in sustainability science (MEA  2005 ; Chapin et al.  2006 ; Carpenter et al.  2009  ) . 
Its components are external drivers, space and time scales, press and pulse events, 
ecosystem structure and function, ecosystem services, and human outcomes and 
actions.  

  Drivers of long-term change . Global climate change and macroeconomic 
 fl uctuations are examples of external forces that can drive long-term change (Fig.  10.1 , 
top). Our approach recognises the interaction between aggregate economic activity, 
policies to respond to climate change, and changes in local conditions. We also 
examine internal drivers of change: press events (e.g., air pollution, irrigation, land 
conversion, urban policies) and pulse events (e.g.,  fl ood, housing-market collapse). 

  Space and time scales . Since 1997, our study has centred on a 6,400-km 2  rect-
angular area of central Arizona that includes most of metropolitan Phoenix 
(Fig.  10.2 ). This geometrically simple area captures central Arizona’s range of land-
scapes, embedded within a regional matrix of wildlands, urban centres, exurban 

http://dx.doi.org/10.1007/978-94-007-1177-8_16
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development, and agriculture. We conduct research across the nested hierarchies of 
landscape scales, ranging from the coarse, urban-agricultural-desert structures to 
traditional urban land-use categories (e.g., residential, commercial) to differenti-
ated residential landscaping types. Within the socioeconomic realm, we work with 
units ranging from household to neighbourhood to municipality; within the desert, 
from plot to site to watershed. Our observational sampling and data-acquisition 
programmes capture event-based or seasonal time steps for fast variables and 
annual to 5-year time steps for slower variables, with many of the latter timed to 
the U.S. Census.  

  Ecosystem structures and functions of interest . In addition to the ecosystem 
components investigated in any ecosystem study, including soil, nutrient stocks, 
vegetation, and primary and secondary consumers, we focus on the built environment, 
including urban infrastructure and designed ecosystems, non-native species, and the 
human population. These components of the SES interact with and control rates of 
ecosystem processes and functions, such as primary production and nutrient cycling, 
which in turn are the “inputs” to ecosystem services (Fig.  10.1 , right). Notably, 
human decisions and management are a major driver of urban ecosystem function. 

  Fig. 10.2    Map of Arizona, USA, showing extent of the Sun Corridor Megapolitan ( blue shading ) 
and the CAP study area within it ( red shading ).  Gray lines  are county boundaries       
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  Ecosystem services . Our main foci are (1) regulating ecosystem services, including 
micro- and meso-climate modulation (largely by vegetation through evapotranspiration 
and shading), stormwater  fl ow modulation, and air and water quality regulation; (2) the 
provisioning service of urban food production; and the cultural and aesthetic services 
arising from biodiversity, and (3) the sense of place provided by natural desert ecosys-
tems (Fig.  10.1 , bottom). Recognising that designing and building urban areas with one 
ecosystem service in mind often degrades another (i.e., produces tradeoffs; Bennett 
et al.  2009 ; Turner  2009  ) , we consider multiple services simultaneously. 

  Human outcomes and actions . We evaluate human responses to ecosystem ser-
vices, such as perceptions and economic preferences for services realised from 
natural microclimate conditions (e.g., temperature and proximity to rivers or lakes) 
and those modi fi ed or managed using energy and water resources (e.g., swimming 
pools and irrigated landscaping), and disamenities, such as risks to human health in 
cities arising from extreme urban climate events and exposure to toxic releases. We 
study variation in vulnerability within the human population and its implications for 
environmental equity. We measure human outcomes and actions directly with phys-
ical indicators (e.g., incidence of diseases) or indirectly (inferring economic tradeoffs 
people may make to enhance a valued ecosystem service; for example, from differ-
ences in housing price; Klaiber and Smith  2009  ) . When human responses to natural 
variation in ecosystem services are impossible to observe, stated-preference meth-
ods can uncover the choices people might make if given opportunities to change 
aspects of ecosystem services (Smith  2005  ) . Finally, many of the actions taken by 
people feed back to the ecosystem, often by changing the pulse or press events that 
affect ecosystem structure and function (e.g., irrigating residential landscapes affects 
biodiversity by altering microclimate). 

 In CAP LTER research, we are asking three focused questions corresponding to 
our conceptual framework: (1) (urban ecosystem services): How does urbanisation 
change the structure and function of ecosystems and thereby alter the services they 
provide (i.e., Fig.  10.1 , right)? (2) (human outcomes and actions/responses): How 
do people perceive and respond to ecosystem services, how are services distributed, 
and how do individual and collective behaviours further change ecosystem structure 
and function (i.e., Fig.  10.1 , left)? and (3) (urbanisation in a dynamic world): How 
does the larger context of biophysical drivers and societal drivers in fl uence the inter-
action and feedbacks between ecological and societal components of the SES (as 
mediated through ecosystem services) and thereby in fl uence the future of the urban 
SES (i.e., Fig.  10.1 , all)? 

 In the  fi ve research themes that follow, we will address questions 1 and 2, draw-
ing on examples from CAP LTER research. A  fi nal section will address question 3, 
considering the possibility of urban sustainability in a dynamic world. We recogn-
ise, however, that a sustainable urban future will require more than research that 
shows how people and ecosystems interact. Our ultimate goal is to build on this 
understanding—in collaboration with governmental and nongovernmental partners, 
other local research groups, and the public—to create scenarios that can guide 
development of sustainable urban SES. Here we lay the scienti fi c groundwork to 
begin to meet that challenge.  
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    10.3   The Central Arizona–Phoenix SES 

 The 6,400-km 2  CAP LTER study area in central Arizona incorporates metropolitan 
Phoenix, surrounding Sonoran Desert scrub, and rapidly disappearing agricultural 
 fi elds (Fig.  10.2 ). Rapid urbanisation, facilitated by the technological innovation of 
air conditioning, has been the dominant land change since the 1950s, accompanied 
by an order-of-magnitude increase in population. Long dominated demographically 
by White residents, the Hispanic or Latino population of metropolitan Phoenix has 
risen rapidly, now standing at 31% of the total population (U.S. Census Bureau 
 2011  ) . Coincident with rapid population growth, the rise of automobile transporta-
tion has led to air pollution and other problems, such as the urban heat island, which 
in fl uence quality of life. Freshwater resources have been appropriated to support  fi rst 
agriculture and later residential development. Native desert vegetation has given way 
to mostly non-native species maintained by irrigation, affecting biodiversity at higher 
trophic levels. The context of rapid urbanisation thus has provided fertile ground for 
research on topics such as climate, water, biogeochemical cycles, and biodiversity, 
with associated socio-ecological drivers, interactions and feedbacks.  

    10.4   Integrated Projects: Human–Ecosystem Interactions 
and Feedbacks 

 Long-term ecological research in the US has been characterised by attention to 
 fi ve “core areas” (see, e.g., Hobbie et al.  2003 ; Table  10.1 ), and these themes were 
early organisers of CAP LTER research (Grimm and Redman  2004  ) . Social scien-
tists within the US LTER network proposed a parallel set of social-science core 
areas (e.g., Redman et al.  2004  ) , and in CAP LTER, our increased focus on interactions 

   Table 10.1    LTER ecological core areas, proposed LTER social science core areas, and CAP 
LTER integrated project areas   

 LTER ecological core areas 
 LTER social science core 
areas 

 CAP LTER integrated 
project areas 

 Primary production  Demography  Climate, ecosystems, 
and people 

 Spatial and temporal distribution 
of populations 

 Technological change  Water dynamics in a 
desert city 

 Organic matter accumulation  Economic growth  Biogeochemical patterns, 
processes, and human 
outcomes 

 Inorganic inputs and movements 
of nutrients 

 Political and social institutions  Human decisions and 
biodiversity 

 Site disturbances  Culture 
 Knowledge and information 

exchange 
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and feedbacks between humans and ecosystem processes led to a more speci fi c 
focus on integrated project-area themes (Table  10.1 ). At the regional scale, rapid 
urbanisation can be seen as the central press event (Fig.  10.1 ). Ensuing changes in 
ecosystems and the human system in terms of climate, water, biogeochemical 
processes, and biodiversity have been the speci fi c targets of CAP LTER research. 
In this section, we highlight examples from this thematic research that reveal the 
nature of SES interactions.  

    10.4.1   Rapid Urbanisation in Central Arizona: The Press Event 

 Land and landscape dynamics are pivotal to understanding and assessing SES, 
especially in intensively built and managed environments that range from the 
impervious surfaces of the inner city to the open and wildland interfaces of the 
suburban/peri-urban fringe. The con fi guration or “architecture” (i.e., kind, amount, 
distribution and pattern; Turner  2009  )  of these lands proves critical to the capacity 
of the ecosystem to deliver services and to the human outcomes resulting from 
them. Variations in land architecture, such as suburban-wildland patch sizes, move-
ment corridors, proximity to water sources, or locations of introduced vegetation 
that change habitats, can determine wildlife abundance (Marzluff and Rodewald 
 2008  ) . The expansion and design of nearby settlements thereby affects the social 
preferences exhibited in property values at any particular location. 

 Alterations in patterns of land use and land cover underlie many ecological and 
social changes in the urban SES and central Arizona. Analysis of remotely sensed 
data has shown ongoing rapid urbanisation (Buyantuyev and Wu  2007 ; Buyantuyev 
et al.  2007 ; Walker and Briggs  2007 ; Wu et al.  2011  ) , which is superimposed on 
centuries of land use. Distinctive silt deposits and associated plant communities 
along desert washes are legacies of prehistoric agricultural  fi elds of the Hokoham 
culture over 1,000 years ago (Briggs et al.  2006 ; Schaafsma and Briggs  2007  ) . 
Since 1970, rapid urbanisation has led to a decline of arable land and a rise in urban 
(residential) land uses (Keys et al.  2007 ; Fig.  10.3 ). Supporting this spread of hous-
ing development, water originally captured and redistributed to irrigated agricul-
tural  fi elds has been shifted to homeowner and municipal use. Legacies of historic 
(i.e., <150 years) agrarian practices remain (Redman and Foster  2008  ) , however, 
and can in fl uence contemporary soil biogeochemical pools and  fl uxes (Lewis et al. 
 2006 ; Hall et al.  2009  ) .  

 Land-use legacies are one of several human in fl uences on the structure and 
properties of contemporary residential landscapes. Residential landscapes in this 
desert metropolis fall into distinctive types (Martin et al.  2003 ; Cook et al.  2004  ) , 
including “mesic” (irrigated, usually with turf grass and large trees), “oasis” (drip-
irrigated, with a small patch of turf within a larger area of decomposed gravel 
substrate, and often with drought-tolerant trees and shrubs), and “xeric” (desert-
mimicking residential landscapes with decomposed gravel substrates and drip-
irrigated [or unirrigated], drought-tolerant trees, shrubs, and cacti). The prevalence 
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of each landscape type varies over time and among locations within the metropolitan 
area. Furthermore, these residential landscape types may be constructed on lands 
that were previously desert, or were used for agriculture; the legacy of past land 
use is a key variable in fl uencing soil properties and nutrient availability (Hope 
et al.  2005 ; Kaye et al.  2008  ) . CAP LTER research suggests that desert-like urban 
landscapes do not resemble the native desert in terms of trophic dynamics, richness, 
and species composition (Faeth et al.  2005  ) , soil properties (Lewis et al.  2006 ; Hall 
et al.  2009  ) , or biogeochemical processes (Hall et al.  2009  ) , although native biotic 
pollinators can be sustained through native plantings (McIntyre  2000  ) . Myriad 
decisions, values and norms expressed at the household, neighbourhood and 
regional scales drive the choices and management of residential landscapes (Larson 
et al.  2010 ; Cook et al.  2011  ) . Effects of residential development decisions may 
last long into the future and become institutionalised by Homeowner Associations’ 
Covenants, Codes and Restrictions (Martin et al.  2003  ) . 

 At the regional scale, understanding institutional drivers of urban growth is criti-
cal because urban sprawl has economic, ecological, and social repercussions. York 
et al.  (  in review-b  )  analysed ballot propositions associated with state trust land and 
found that conservation and development concerns are ascendant priorities, along 
with issues of land management and resource use. In a comparison of land fragmen-
tation surrounding urban areas near  fi ve LTER sites, researchers asked how urban 

  Fig. 10.3    Analysis of land transitions in central Arizona between 1970 and 2000 (After Keys et al. 
 (  2007  )  based on a graphic designed by B. Trapido-Lurie; used with permission from Taylor & 
Francis)       
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population dynamics, water provisioning, transportation, amenity-driven growth, 
and institutional factors in fl uence patterns of land fragmentation. Land-fragmentation 
patterns around Albuquerque and Las Cruces (both in New Mexico) were similar to 
those of an earlier era in Phoenix, as suburbs expanded along rivers, but Phoenix 
today exhibits a monocentric, spreading growth pattern (York et al.  2011  ) , with 
‘leap-frog’ development leaving patches of vacant land (Gober and Burns  2002  ) . 
Social-survey data reveal that race, gender, political persuasion, and time lived in 
Greater Phoenix govern perceptions about sprawl and in fl uence support for policy 
prescriptions  (  York et al. in review-a  ) .  

    10.4.2   Climate, Ecosystems and People 

 The goal of this integrated research is to understand interactions among urban and 
urban-hinterland climate, ecosystems, and social systems. Natural landscape fea-
tures (terrain) and characteristics of the urban land surface (building and vegetation 
distribution, irrigation) have modi fi ed large-scale atmospheric forcings and substan-
tially altered climate in the region (Brazel et al.  2000 ; Brazel and Heisler  2009  ) . We 
expect, therefore, that climate change will play out through the interaction of global 
drivers with regional presses and pulses (Fig.  10.1 ). Global climate change is an 
external driver, while land-use and land-cover changes, driven largely by economic 
growth or recession, represent the main press and pulse events for local and regional 
climate change. The Urban Heat Island (UHI) in Phoenix is manifested as an 
increase of nighttime temperatures of up to 5°C in the past several decades (Hedquist 
 2005 ; Hartz et al.  2006a,   b ; Sun et al.  2009  ) . Temperature changes due to the UHI 
have already occurred in metropolitan Phoenix and have interfered with historic 
relationships between local temperature and atmospheric processes in the region 
(Ruddell et al.  in press  ) . Over the last century, there has been a linear downward 
trend in frost days, an increase in misery days (i.e., days over 100°F [38°C]; espe-
cially since 1970), and accelerated warming in heat-wave threshold temperatures 
(Ruddell et al.  in press  ) . Such changes in climate within urbanised central Arizona 
present microcosms of effects we will likely see elsewhere accompanying global 
climate change (Grimm et al.  2008b  ) . 

 Climate is an important driver of ecosystem processes (e.g., primary produc-
tion) and human outcomes (e.g., health and quality of life). The emergence and 
intensi fi cation of Phoenix’s UHI represents an important stressor on humans in the 
city. CAP LTER researchers found that the UHI varies greatly in space, mirroring 
the physical heterogeneity of the urban landscape (Myint and Okin  2009  ) . Variations 
in amounts and distributions of soil, impervious surface, and irrigated vegetation in 
urban and suburban areas can both exacerbate or ameliorate the UHI, although heat 
mitigation involves a trade-off with water use (Myint and Okin  2009  ) , and can affect 
weather patterns (Grossman-Clarke et al.  2008  ) . Superimposed on this are spatially 
variable demographic characteristics of the human population. Jenerette et al.  (  2007  )  
found that socioeconomic status of neighbourhoods was the most important social 
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predictor of urban vegetation and thereby indirectly in fl uenced the spatial distribution 
of temperatures, with higher vegetation cover and cooler temperatures in wealthier 
neighbourhoods. 

 The UHI has implications for environmental justice because spatial heat vari-
ability affects some segments of the population more than others (Harlan et al. 
 2006,   2008 ; Jenerette et al.  2007,   2011  ) . For example, in a July 2006 heat wave, 
extreme temperatures were variably distributed across Phoenix neighbourhoods. 
Residents at greatest risk of exposure to heat tended to be minority, low-income, 
and elderly (Ruddell et al.  2010 ; Fig.  10.4 ). Furthermore, Ruddell et al.  (  2010, 
  2012  )  found that respondents to the 2006 Phoenix-Area Social Survey (PASS) 
were aware of temperature differences in their neighbourhoods relative to others 
and that their perceptions of hot weather closely tracked measured differences in 
local temperatures. Respondents answered that they would be willing to pay 
signi fi cantly more for homes comparable to those in which they lived if they were 
located in neighbourhoods with conditions 5–10°F (~2–6°C) cooler (Harlan et al. 
 2007  ) .  

 Urbanisation and the UHI also affect plant phenology. Changes in plant 
 population and community dynamics may result from a signi fi cant change in 
 fl owering  phenology for a small but substantial proportion of the  fl ora (Neil and 
Wu  2006 ; Neil  2008  ) . Our urban sites also showed a decoupling of phenology from 
precipitation, the main driver of phenologic change in the desert (Fig.  10.5 ). 
Phenology of urban vegetation instead appears linked to speci fi c ecosystem 
 services, such as food and fodder production, recreation, or cultural aesthetics 
(Buyantuyev and Wu  2009  ) . This may be a consequence of massive changes in 
hydrologic systems that have long characterised the urbanisation of central 
Arizona.   

    10.4.3   Water Dynamics in a Desert City 

 Redistribution of water may be the single most important effect of urbanisation in 
arid lands. It is a product of the conversion of natural hydrology to man-made 
hydrology via modi fi cation (local changes), procurement (regional changes), and 
management (temporal changes; Grimm et al.  2008a ; Redman and Kinzig  2008  ) . 
The Phoenix metropolis now appropriates 100% of the surface  fl ow of the Salt and 
Verde Rivers and is increasingly exploiting local groundwater and surface water 
from more distant basins (e.g., the Colorado River). Controlled management and 
engineering have dramatically shifted the spatiotemporal variability of the hydro-
logic system. For example, annual sediment transport dropped to low levels in fully 
urbanised portions of the region, compared to undeveloped and developing areas 
(El-Ashmawy et al.  2009  ) . 

 In arid landscapes, water is typically found around rivers with clearly de fi ned, 
ecologically productive riparian areas. Often located along rivers themselves, cities in 
arid environments display a similar “oasis” characteristic as humans re-allocate water 
to grow urban vegetation. We consider the sum of regional hydrologic alterations to 
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constitute a “riparianisation” of desert ecosystems, as urbanisation redistributes water 
more extensively and evenly across the landscape, compared with the pre-human 
situation. This concept may be more broadly generalised as the “arboreolisation” of 
grassland ecosystems by urbanisation. 

  Fig. 10.4    Spatial distribution of heat intensity in Phoenix, AZ, in July 2005. ( a ) Hours in a 
4-day period that temperature exceeded 110°F (43 °C), ( b ) demographic characteristics of the 
population in low-, medium- and high-exposure areas, and ( c ) a graphic representation of the 
heat exposure “riskscape” for the region (Map in ( a ) and data in ( b ) used with permission from 
Ruddell et al.  2010  )        
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  Fig. 10.5    Maps of the urbanised central Arizona, USA region, showing the spatial distribution of 
plant phenological variables, start of growth, rate of greenup, end of growth, and rate of senes-
cence. The  thick black lines  are the area freeways, which approximately enclose the urbanised/
suburbanised portion of the region, comprising ~24 municipalities of the Phoenix metropolitan 
area. The large area that is differentiated from the surrounding desert to the north and south of the 
east-west freeway extending to west from the metropolitan area is an agricultural region that has 
yet to become urbanised. Seasonal parameters for the initial (spring) growth period were extracted 
from 2004 to 2005 normalised difference vegetation index (NDVI) data that were  fi ltered with a 
Savitsky-Golay technique. NDVI data provide an index of greenness from remote imagery that can 
be correlated with vegetation biomass; changes in NDVI with time re fl ect growth ( increasing 
greenness ) or senescence ( decreasing greenness ). Dates are displayed as day of year (year 
2005 days are shown in  parentheses ). Rates are calculated as tangent of slope between 20 and 
80% levels of NDVI (Data and  fi gures from Buyantuyev  2008 )       
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 Water use, vegetation, cooling, and inequitable UHI distribution provides an 
excellent example of ecosystem-service tradeoffs. Outdoor irrigation accounts for 
most of the water used by Phoenix area households (an astounding ~800 L 
person −1  day −1 ) and, in turn, domestic water use directly relates to household 
af fl uence (Harlan et al.  2009  ) . Lifestyle preferences and priorities embodied in out-
door landscaping help explain the preference for water-intensive lawns and outdoor 
features (Larsen and Harlan  2006 ; Yabiku et al.  2008  ) , as do socially constructed 
ideas about nature and its place in the urban environment (e.g., “I think the desert 
belongs in the desert”; Larson et al.  2009a  ) . Vegetation helps to ameliorate heat 
intensity (Stabler et al.  2005 ; Jenerette et al.  2007 ; Martin  2008  ) , but this ecosystem 
service requires water. Unequal access to heat-ameliorating landscapes (supported 
by irrigation) accounts for spatial variability in vulnerability to the UHI. Jenerette 
et al.  (  2011  )  found that disparity in vegetated cover between neighbourhoods has 
increased since 1970, and that large increases in regional water use would be 
required to alleviate current inequalities. 

 In the desert, winter and summer monsoon storms produce overland  fl ows that 
generate rapid increases in stream and river discharge, which carries with it high 
loads of dissolved and particulate materials. Flash  fl oods also are well-known phe-
nomena in urban environments owing to the prevalence of impervious surfaces. Built 
structures or management may ameliorate or exacerbate these processes. Stormwater 
management in metropolitan Phoenix features designed systems—retention basins, 
 fl oodplain parks, and “restored” riparian zones—that may provide a diversity of eco-
system services, some intentional and some not (Larson et al.  in press  ) . For example, 
the amount of nitrogen transported from urban/suburban watersheds during storms 
depends on a combination of catchment features and storm characteristics (Lewis 
and Grimm  2007  ) . The type of infrastructure (i.e., designed systems) is hypothesised 
to be one of the more important catchment features. Nitrogen that is not transported 
is retained within the catchment, or removed via the process of denitri fi cation (micro-
bial conversion of nitrate to gaseous forms of nitrogen). Since nitrate is a pollutant 
when it occurs at high concentrations, such as in groundwaters of the region (Xu 
et al.  2007  ) , nitrogen removal is an important ecosystem service, though it is virtually 
unknown to the public and scarcely considered in stormwater management. 

 Indian Bend Wash (IBW) is a designed stream-lake  fl oodway that drains over 
200 km 2  of Scottsdale (one of the largest municipalities in the Phoenix metropolitan 
area). A highly manipulated and managed system, IBW is in fl uenced alternately by 
management and natural hydrologic variation (Roach et al.  2008 ; Fig.  10.6 ). The 
identity of the limiting nutrient (nitrogen or phosphorus) varies temporally in 
response to deliberate water additions (high in nitrogen) or natural  fl ood inputs 
(high in phosphorus; Roach and Grimm  2009  ) . In addition, its lakes, stream seg-
ments, and  fl oodplains (mostly turf-dominated parks that are fertilised and irrigated 
using lake water) exhibit high rates of denitri fi cation, especially under storm  fl ows 
when extensive  fl oodplain areas are inundated (Roach and Grimm  2011  ) . There is 
great potential to ensure that the design of the Indian Bend Wash  fl oodway, origi-
nally intended for  fl ood management only, yields multiple ecosystem services, pro-
vided that managers are cognisant of the conditions under which services such as 



  Fig. 10.6    Paired aerial photographs showing the change in land cover and use in Indian Bend 
Wash, Scottsdale and Tempe, Arizona between 1949 ( top ) and 2003 ( bottom ). The 1949 image 
shows a landscape dominated by farm  fi elds, with country roads (part of the characteristic grid 
pattern of metropolitan Phoenix) evident as  light gray lines . These same roads can be seen in the 
2003 image, but farm  fi elds have been replaced by housing developments and commercial ( right 
side of image ) and institutional ( upper left part of image ) land uses. The ephemeral stream (1949) 
and designed lake chain (2003) can be seen bisecting the images from  top  to  bottom . Note the 
wide, shrub and tree-covered channel in the  upper image ; although by 2003 it was replaced by 
parks, lakes, and streams, the relatively wide channel still contains  fl ash  fl oods (see text for further 
description)       
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nitrogen removal, peak  fl ow modulation, recreational amenities, and so forth can be 
enhanced.  

 Policies and decisions about water—supply, stormwater, and wastewater—are 
crucial to the sustainability of a city like Phoenix. A steady weakening of the 
Groundwater Management Act of 1980, designed to attain “safe-yield” of ground-
water, has heightened water insecurity and delayed conservation measures (Hirt 
et al.  2008 ; Larson et al.  2009b  ) . At the same time, policymakers are signi fi cantly 
less concerned than the lay public or scientists about regional water use rates; the 
lay public tend to blame other people for water scarcity and scientists stress the need 
to control demand (Larson et al.  2009c  ) . Attitudes and actions (or lack thereof) such 
as these fuel the potential for serious loss of resilience under the threat of increased 
duration, frequency, and intensity of droughts and other extreme events, such as 
 fl ash  fl oods, in the US Southwest (Karl et al.  2009  ) .  

    10.4.4   Biogeochemical Patterns, Processes and Human 
Outcomes 

 Human manipulation of biogeochemical cycles through agriculture and energy use 
has supported societal advances that have increased the carrying capacity of Earth, 
particularly via the Green Revolution and modern industrial technology. However, 
these advances have also led to major environmental problems, from local to global 
scales (Vitousek et al.  1997 ; Grimm et al.  2008b ; Childers et al.  2011  ) , threatening 
biodiversity, ecosystem integrity, and quality of life. Ecosystem services associated 
with biogeochemical cycles therefore can be bene fi cial or harmful. Material  fl uxes 
and biogeochemical linkages underlie most ecological processes, but in urban eco-
systems they are overwhelmed by human-generated  fl uxes of nutrients and toxins, 
and by design and management in fl uences on timing, duration, and magnitude of 
biogeochemical processes (Groffman et al.  2006 ; Kaye et al.  2006  ) . Biogeochemical 
studies in the CAP LTER programme have been conducted from plot/parcel scales 
to watershed/whole-system scales, including interaction with surrounding ecosys-
tems. In particular, mass balances of nitrogen (Baker et al.  2001  )  and phosphorus 
(Metson et al.  2012  )  have shown very large imports of these elements in food, fuel, 
and animal feed that are almost entirely human-mediated. Because very little water 
is transported out of the city, most of these inputs accumulate (in soils, groundwater, 
and vegetation), although some are exported via atmospheric transport (oxides and 
aerosols of nitrogen) or in crops (phosphorus). 

 Our conceptual model of urban biogeochemical processes (Fig.  10.7 ) identi fi es 
four reactive ecosystem compartments (atmosphere, land, surface water, groundwater), 
any of which may be a source, a recipient system, or a transporting/transforming 
system for a particular material  fl ux. Toxins and pollutants may become concen-
trated in urban recipient systems to generate biogeochemical “riskscapes” for 
urban inhabitants, and nutrients may be transported to low-productivity desert 
recipient systems where they have a fertilisation effect. Ongoing studies of the 
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fates of material  fl uxes include: (1) desert responses to deposition; (2) soil nutrient 
distributions; (3) air quality; and (4) water quality.  

 Our research on atmospheric transport and deposition has found relatively low 
annual rates of wet and dry nitrogen deposition that did not differ signi fi cantly 
across an area larger than the CAP LTER study region. In contrast, wet and dry 
deposition of organic carbon was signi fi cantly elevated in the urban and downwind 
desert compared to upwind sites (Lohse et al.  2008  ) . Soil respiration (e.g., microbial 
activity) showed muted responses to experimental additions of  fi ne particulate 
organic carbon such as that derived from urban aerosols (Kaye et al.  2011  ) . The low 
rate of nitrogen deposition is a surprising result, since a mass balance study of 
Phoenix estimated the generation of nitrogen oxides from automobile use to be 
nearly 30 kg ha −1  year −1  (Baker et al.  2001  ) . To determine whether deposition from 
the urban atmosphere affects desert productivity, CAP LTER researchers established 
a long-term fertilisation experiment in  fi fteen locations across a ~100-km transect, 
including sites upwind, within, and downwind from the city. To date, the perennial 
desert shrub, creosote bush, has been unaffected by either atmospheric or experi-
mental additions of nutrients, although annuals have shown a response to supple-
mental N additions when rainfall was suf fi cient (Hall et al.  2011  ) . The lack of 
evidence for enhanced nitrogen deposition suggests that the nitrogen is either trans-
ported far from the city, or is retained within the city but does not have a fertilising 
effect on desert plants. Elevated soil nitrogen concentration in desert soils surround-
ing the city suggests the latter is a plausible mechanism (Zhu et al.  2006  ) . 

 CAP LTER’s extensive soil surveys provide a foundation for understanding 
controls on and impacts of the spatial distribution of nutrients, organic and inorganic 
carbon, and metals. Urban soils have signi fi cantly higher black carbon content 
relative to desert soils, and soil concentrations of lead, cadmium, copper, and arsenic 
correlate with urbanisation (e.g., Fig.  10.8 ). Urban lead isotopes showed that the 

  Fig. 10.7    Model showing major compartments of the biogeochemical cycles (Reprinted from 
Kaye et al.  2006 , with permission from Elsevier)       
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source of this metal was either leaded paint or western coal, but not leaded gasoline 
(Zhuo  2010 ;  Zhuo et al. in press  ) . We used hierarchical Bayesian models to 
scale plot data on organic carbon, inorganic carbon, nitrogen and phosphorus to 
the 6,400-km 2  CAP LTER region and estimated that 1,140 Gg of organic carbon 
and 130 Gg of nitrogen have accumulated in urbanised soils of the region (Kaye 
et al.  2008 ; Majumdar et al.  2008  ) , comparable to values estimated previously 
(Hope et al.  2005 ; Zhu et al.  2006  ) . This work also con fi rmed that land-use legacies 
(i.e., whether a site had ever been farmed) were important determinants of soil-
nutrient concentrations.  

 Distributions of materials also result in uneven distributions of disamenities 
(environmental factors that negatively affect people) across central Arizona, with 
ensuing environmental justice implications. For example, Grineski et al.  (  2007  )  
found distinct sociospatial inequalities in exposure to pollutants; neighbourhoods 
of lower socioeconomic status, which include higher proportions of renters and 
Latinos, generally experience higher levels of air pollution (Fig.  10.9 ). Urban lead 
distributions also are heterogeneous and higher in poorer neighbourhoods  (  Zhuo 
et al. in press  ) . These differential impacts re fl ect historical patterns of development 
in Phoenix, with legacies of residential segregation based on class, race, ethnicity, 
amenities, and disamenities that linger today (Bolin et al.  2005  ) .   

    10.4.5   Human Decisions and Biodiversity 

 Urbanisation profoundly alters the composition, abundance, and distribution of 
nonhuman species (McKinney  2002 ; Schlesinger et al.  2008  ) . Yet biodiversity is 
key to some ecosystem services (especially cultural services). Reduced access to 

  Fig. 10.8    Lead concentration ( m g/kg) measured in 2005 in the surface soil (1–10 cm) across the 
CAP LTER study area.  Brown lines  show major freeways; the urbanised region is encircled by 
these roads (Reproduced with permission from Zhuo  2010  )        
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nature, the “extinction of experience” (Pyle  1978  ) , is increasingly thought to be 
detrimental to human well-being (Shumaker and Taylor  1983 ;    Ryan 2005). CAP 
LTER research has provided insights into the socioeconomic drivers of urban biodi-
versity patterns (Kinzig et al.  2005  ) , the functioning of urban food webs (Faeth 
et al.  2005 ; Shochat et al.  2006b  ) , and the effects of exposure to native desert 
landscapes on people (Yabiku et al.  2008  ) . 

  Fig. 10.9    Spatial distributions of ( a ) ( top ) criteria air pollutants and ( b ) percentage of the popula-
tion that is in the Hispanic ethnic group, in the central Arizona–Phoenix region (Reproduced with 
permission from Grineski et al.  2007  )        
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 Ecological approaches to studying human impacts on biodiversity have typically 
focused on habitat loss and disturbance brought about by human population agglom-
erations. Our studies have been unique in their focus on mechanisms accounting for 
changes in species diversity and community composition (Shochat et al.  2006b, 
  2010  ) . At the metropolitan scale, land-use change and human choice and action 
have resulted in altered plant, bird, and arthropod communities. Urban plant diver-
sity (in fl uenced most by landscaping aesthetics and socioeconomic status; Martin 
et al.  2004  )  is considerably lower and more even (similar numbers of individuals of 
each species) compared with native desert communities (Hope et al.  2003,   2006 ; 
Walker et al.  2009  ) . For birds, community composition mirrors the variation in plant 
communities associated with landscaping aesthetics and socioeconomics. Irrigation 
drives ground-arthropod community patterns, with greater abundance and diversity 
in mesic and oasis (grass with a landscaped gravel border) landscapes (Cook and 
Faeth  2006  ) . Arthropod species richness has declined over the last decade in desert 
remnant sites and xeric yards, possibly owing to landscape practices or isolation of 
these sites from colonist sources (outlying desert; Bang and Faeth  2011  ) . A question 
that remains is whether species loss occurs due to biotic interactions or differential 
vulnerability to stress. We do know that some urban birds differ from their desert 
counterparts in their physiological response to stressors (Fokidis et al.  2009 ; Deviche 
et al.  2011 ; Fokidis and Deviche  2011  ) . 

 CAP LTER researchers have used experimental and synthetic approaches to 
determine how urbanisation affects trophic dynamics. Elevated urban habitat pro-
ductivity and reduced temporal variability contribute to trophic systems that are 
radically different from their natural counterparts, with a shift to combined bottom-
up and top-down control of trophic dynamics (Faeth et al.  2005  ) . Mechanistic, 
experimental studies of “giving-up density” (a surrogate for how long birds will 
persist at a foraging patch; Shochat et al.  2004,   2006a,   b,   2010  )  showed that birds 
tended to feed until remaining food resources were nearly exhausted, indicating that 
the bene fi t of continuing to forage outweighed the cost of staying in one place. Even 
though resource abundance is high in the urban environment, the experiments reveal 
strong competition among bird species for those food resources in the absence of 
signi fi cant predation risk. Findings from CAP LTER research for diverse groups of 
biota call into question the “ fi eld of dreams” hypothesis (that constructed land-
scapes meant to imitate the desert are functionally equivalent): trophic dynamics, 
richness, and species composition in desert-like residential landscapes and desert 
remnants are not analogous to the native desert. 

 Human responses to biota—the kinds and forms of vegetation, for example—
depend upon a complex set of preferences that we are beginning to unravel with our 
experimental landscapes work in a single neighbourhood coupled with social survey 
data (e.g., Larson et al.  2009a  ) . Residents preferred mesic and oasis landscapes (both 
having some turf and trees) over xeric and desert landscapes. The longer residents 
had lived in the Phoenix area the less they preferred arid landscapes. Oasis land-
scapes, with their mixed ground covers of gravel and small patches of turf, have 
emerged as a compromise, as residents reconcile desires for turf with water scarcity 
concerns and environmental values (Yabiku et al.  2008  ) . Finally, resident satisfaction 
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with the existing variety of birds in their neighbourhoods was signi fi cantly correlated 
with actual bird diversity and with general levels of neighbourhood satisfaction. 
Predominantly Hispanic and low-income neighbourhoods in Phoenix had lower 
amounts and diversity of perennial vegetation (Martin et al.  2004  )  and lower bird 
diversity (Kinzig et al.  2005  )  than middle and higher-income neighbourhoods, 
suggesting that the aesthetic services associated with biodiversity are inequitably 
distributed in the region.   

    10.5   Urbanisation in a Dynamic World: Prospects 
for Sustainability 

 As a pervasive and accelerating global challenge, urbanisation produces a unique 
set of environmental, social, and economic problems that desperately need funda-
mental research as well as action (i.e., a ‘problem-based’ approach). As a potential 
solution to the global sustainability challenge, the need for fundamental research 
uncovering what makes cities sustainable is equally great (i.e., a ‘sustainability-
based’ approach). The two US urban LTER sites, BES and CAP, are exemplars of 
how studying cities as ecosystems and incorporating SES conceptual frameworks 
(see Fig.  10.1 ) can advance understanding of urbanisation. Yet there is a need to 
understand how patterns, processes, and mechanisms found in Phoenix or Baltimore 
may contrast with other urban areas, and to examine what the commonalities and 
differences may reveal about the universal nature of urban SES. For example, com-
parisons of the “metabolism” or elemental/material mass balances among cities 
worldwide (Weisz and Steinberger  2010  ) , or for individual cities through time 
(Krausmann, Chap.   11     in this volume) could reveal what factors may help reduce 
the dependence of urban ecosystems on their hinterlands. Comparative studies of 
cities as socio-ecological systems are largely absent from the literature (Grimm 
et al.  2008b ; but see McDonald et al.  2011  ) , and we believe that such analyses and 
syntheses will be a key to addressing both the ‘problem-based’ and the ‘sustainabil-
ity-based’ approaches posed above. 

 Examining the research we have described above using a sustainability lens, 
we ask how do the services provided by evolving urban ecosystems affect human 
outcomes and behaviour, and how does human action (response) alter patterns of 
ecosystem structure and function and, ultimately, urban sustainability, in a 
dynamic environment? Ecosystem services of water provisioning, climate modu-
lation,  fl ood mitigation, nutrient removal, recreation, and aesthetic enjoyment are 
encompassed in our research on climate, ecosystems and people, water dynamics, 
biogeochemical patterns, processes, and human outcomes, and human decisions and 
biodiversity. We have uncovered instances of environmental inequity (e.g., human-
health risk from heat and toxic substance distributions) that clearly do not satisfy 
the justice and equity principles of sustainability. We have identi fi ed tradeoffs 
among services that will have to be considered to ensure sustainability (e.g., water 
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provisioning and climate modulation). Yet we have provided examples wherein 
built infrastructure can potentially be designed to generate multiple ecosystem 
services (e.g.,  fl oodplains that mitigate high  fl ows, remove nutrients, and provide 
urban habitat for wildlife and recreation spaces for people). The alteration of eco-
system pattern and process is initially profound when urban ecosystems are cre-
ated, but their persistence may rely upon a  fl exibility to design criteria that will 
allow adjustments under scenarios of climate change (i.e., frequency and magni-
tude of extreme events) and increased population. Thus, the ultimate answer to the 
question of sustainability must incorporate a look to the future. 

 For our studies in CAP LTER, we aim to move beyond the question of what is 
our relationship with nature and its implications for sustainability, to those of what 
will be and what ought to be our relationship relative to what is sustainable. The 
time to raise this question is opportune; Phoenix and Arizona are increasingly pos-
ing questions about what their citizens hope for their future (Center for the Future 
of Arizona and Gallup Poll  2009  ) . Moreover, Phoenix is a metropolitan region at 
risk from the potential negative impacts of global climate change. Increasing 
demands for water and land due to the rapidly growing population are on a collision 
course with high-con fi dence predictions for a drier, hotter future with reduced 
water availability in the Southwest (Seager et al.  2007 ; Barnett and Pierce  2009 ; 
Karl et al.  2009 ;    Buizer et al.  2009  ) . At the very least, we are entering a period of 
non-stationarity, and therefore must learn to plan for uncertainty (Gober et al.  2010  ) . 
During the current recession, the impacts of higher temperatures, increased energy 
costs, and water scarcity are already evident in low-income populations. 

 A decade of research in CAP LTER has generated a strong understanding of 
socio-ecological dynamics of urban systems. The next generation of research should 
use that science to inform plausible futures, and in turn provide a basis for scenarios 
that can guide Phoenix and other metropolitan regions toward a desirable, sustain-
able future.      
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  Abstract   Cities are centres of resource consumption and urban resource use has a 
considerable in fl uence on both the economy and the environment in the resource-
providing hinterland. This chapter looks at cities from a socio-ecological perspective 
and investigates the evolution of the energy metabolism of the city of Vienna since the 
beginning of industrialisation. Based on time series data on the size and structure of 
energy consumption in Vienna in the period from 1800 to 2006, it analyses the 
energy transition and how it relates to urban growth. It shows that during the last 
200 years, a multiplication of energy use and a shift from renewable biomass towards 
coal and  fi nally oil and natural gas as the dominating energy source have been 
observed. This energy transition was not a continuous process, but different phases 
in the energy transition can be distinguished. Also the spatial relations between the 
city and its resource-supplying hinterland changed. But growth in urban resource 
use was not simply causing an equal growth of the spatial imprint of urban 
consumption. Our results show that the size and spatial location of the resource-
supplying hinterland is the combined result of various dynamic processes, including 
transport technology and agricultural productivity. 

 The paper shows how energy and transport revolution abolished barriers of 
growth inherent to the old energy regime.  
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    11.1   Introduction 

 Cities are centres of consumption. A large and growing fraction of the global 
population lives in urban centres which draw on vast hinterlands for their supply 
with water, energy and materials. Urban resource use, therefore, has a consid-
erable in fl uence on both the economy and the environment in the resource-
providing hinterland and is a major driver of global environmental change. The 
role of cities in reducing socioeconomic material and energy  fl ows is increas-
ingly recognized (Weisz and Steinberger  2010  ) . It is commonly agreed that 
cities and urbanisation are of key importance for sustainable development; 
however, the particular relationship between urbanisation and sustainability 
contains many contradictions and is a focus of debate (Grimm et al.  2008 ; Satterthwaite 
 2009  ) . A better understanding of cities as socio-ecological systems and, in 
particular, of urban resource use and the relationship between cities and their 
resource-providing hinterland is required. This chapter looks at cities from a 
socio-ecological perspective. It focuses on the biophysical features of urban 
growth and investigates the emergence of urban patterns of resource use during 
industrialisation. 

 Lewis Mumford  (  1956  )  was one of the  fi rst to address the (social) ecology of 
cities by examining the relationships between cities and their resource-supplying 
hinterlands. A decade later, in 1965, Abel Wolman coined the term urban metab-
olism. He emphasised that cities require physical inputs of materials and energy 
and produce wastes and emissions and that these metabolic processes are causing 
environmental pressures. Research into urban metabolism, as a useful way to 
study cities as socio-ecological systems and to investigate material and energy 
 fl ows in urban systems more thoroughly, is now growing quickly. Since the early 
1980s, a few comprehensive studies on the metabolism of cities have been pub-
lished (see Boyden et al.  1981  )  and the pace is now accelerating (Warren-Rhodes 
and Koenig  2001 ; Sahely et al.  2003 ; Niza et al.  2009 ; Kennedy et al.  2007 ; 
Barles  2009  ) . Several authors have explicitly focussed on the spatial imprint of 
urban consumption, emphasizing why and how urban centres deplete the natural 
capacities of their hinterlands (Daxbeck et al.  2001 ; Folke et al.  1997 ; Luck et al. 
 2001 ; Billen et al  2012 ). Only a few studies, though, have investigated changes 
in urban resource use over longer periods of time and the emergence of modern 
industrial patterns of urban metabolism (e.g. Tarr  2002 ; Schmid-Neset and Lohm 
 2005 ; Barles  2005 ; Hoffmann  2007 ; Billen et al.  2009 ; Gingrich et al.  2011 ; 
Marull et al.  2010  ) . 

 This chapter takes up the urban metabolism approach and applies it to a histori-
cal case. It investigates the evolution of the energy metabolism of the city of Vienna 
since the beginning of industrialisation. Based on time series data on the size 
and structure of energy consumption in Vienna in the period from 1800 to 2006, it 
analyses the energy transition (Grübler  2004  )  and how it relates to urban growth. 
It shows from which regions and over which distances materials and energy had to 
be transported into the growing city. The spatial dimension of urban metabolism 
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is complemented by an estimate of the changing size of the hinterland 1  required to 
supply a city with suf fi cient resources.  

    11.2   Methods, Data and Sources 

 To analyze the long-term development of the socioeconomic energy system of the 
City of Vienna, methods of material and energy  fl ow accounting (MEFA) have been 
applied as they are used in industrial ecology (Ayres and Ayres  1998 ; Daniels and 
Moore  2001  ) . The energy  fl ow accounting used here extends conventional 
approaches of energy analysis, which tend to focus on technical energy (fossil fuels, 
hydro power or fuelwood), by including traditional energy carriers (Haberl  2001  ) . 
In particular, it includes food for humans and feed for draught animals, which are 
important types of  fi nal energy in pre-industrial societies. This methodology has 
already been successfully applied for historical cases and in long-term socio- 
ecological research (Sieferle et al.  2006  ) . 

 Based on these methods the indicator domestic energy consumption (DEC) has 
been calculated. It is de fi ned as the sum of extraction of energy (carriers) within the 
boundaries of the considered socio-economic system plus all imports and minus 
exports of energy. DEC is a measure of apparent energy consumption. Only a small 
share of a city’s energy needs is extracted within the city, so that demand is largely 
met by imports of energy. As a consequence, a considerable part of the primary to 
 fi nal energy conversion does not take place within the city, but  fi nal energy ready for 
consumption is imported in forms such as electricity, transport fuel, food or feed for 
draught animals. Therefore, in the case of cities, DEC measures a mix of primary 
and  fi nal energy. 2  

 All energy  fl ows are given in Joules. Flows measured in mass or volume in original 
sources were converted into Joules by applying material speci fi c gross calori fi c 
values. To capture changes in the relation of the city to its hinterland we combine 
energy  fl ow accounting with tools to investigate spatial aspects of social metabolism, 
such as the actual area demand (cf. Haberl et al.  2001 ; Wackernagel et al.  2004  )  or 

   1   In this chapter, the notion of ‘hinterland’ is understood in a broader sense and is not restricted to 
the immediate rural, comparatively infrastructure-poor areas surrounding urban centres. Instead, 
from a socio-ecological perspective, the urban hinterland encompasses the full extent of regions 
supplying the urban centre with natural resources (cf. Jones  1955 ; Fischer-Kowalski et al.  1997  ) . 
In an abstract sense, hinterland is understood as the environmental space or ecological footprint 
required to sustain the city with material and energy. From this perspective, the extent of the hinterland 
and the intensity of the relation between centre and hinterland changes over time. During industriali-
sation, the direct spatial relation between a city and its hinterland has increasingly vanished as the 
hinterland of the modern industrial city spreads across the globe (Mumford  1956  ) .  
   2   In energy accounting, this problem is sometimes overcome by calculating primary energy equivalents 
of imported  fi nal energy (e.g. coal required to produce imported electricity). This procedure has 
not been applied for this chapter.  
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the virtual forest approach (Sieferle et al.  2006  ) . By using time- and region-speci fi c 
biomass yields we assign production areas to individual energy/material  fl ows. 
Details on the assumptions behind these conversions are provided in Sect.  11.5 . 

 Statistical records and sources provide information on Vienna’s energy and raw 
material input since the mid-eighteenth century, but meaningful annual time series 
can be reconstructed only from around 1800. For the nineteenth century, various 
sources can be used to quantify energy inputs into the city. First, a consumption 
tax ( Verzehrungssteuer ) was collected at the forti fi cation surrounding the city 
( Linienwall,  see below ) . Tax records since 1829 list goods imported into the city in 
both physical and monetary units (Hauer  2010  ) . Additionally, transport statistics are 
available that record wood and coal delivered to the city by boat or  fl oat on the river 
Danube and later on by rail (Gingrich et al.  2011  ) . Digests of these data have been 
published in annual statistical series since the early nineteenth century. 3  Several 
of these sources have already been evaluated and for some periods edited data 
compilations are available especially for the annual supply of fuelwood and coal. 

 Pioneering compilations of data concerning the use of different energy carriers in 
the City of Vienna covering the time period 1760 to the early twentieth century have 
been published by the Austrian economic historian Roman Sandgruber (Sandgruber 
 1978,   1983,   1987  ) . Data on energy use in the twentieth century are available from the 
statistical yearbook of Vienna (MSW  1885,   2008  )  which has been published since 
1885. For the period 1800–1860, this study draws on the statistical data compiled by 
Sandgruber  (  1987  ) ; from 1860 to1883, on data published in the statistical periodical 
 Statistische Monatschrift  (Pizzala  1884  ) ; and from 1883 to 1921, on Sandgruber 
 (  1983  )  and various years of the statistical yearbook of Vienna. Since 1921, data have 
been compiled on the basis of information provided in various volumes of the statis-
tical yearbook of Vienna and a number of special studies dealing with Vienna’s 
energy situation (Nagl  1966 ; Wiener Stadtwerke  1975,   1978,   1983,   1994 ; Stenitzer 
et al.  1997  ) . Important sources of information on energy use in Vienna, transport and 
regional supply include the forestry yearbooks edited by Joseph Wessely  (  1880, 
  1882  )  and a statistical compendium edited by the Viennese Chamber of Commerce 
(Handels- und Gewerbekammer in Wien (Ed.)  1867  ) . Price series for wood and coal 
are available from Mühlpeck et al.  (  1979  )  and Sandgruber  (  1983  ) . 

 Annual food consumption was extrapolated from estimates of per capita intake 
for different points in time for the nineteenth and twentieth centuries (derived from 
Mühlpeck et al.  1979 ; Statistik Austria  2008 ; BMLF – Bundesministerium für Land- 
und Forstwirtschaft  1997  ) . Feed demand for draught animals was calculated on the 
basis of numbers of draught animals in Vienna (Sandgruber  1983 ; MSW various 
years) and assumptions of average daily feed intake per head (Krausmann  2004  ) .  

   3   The most signi fi cant annual statistical publications are: Tafeln zur Statistik (1828–1865); 
Statistisches Jahrbuch der Stadt Wien (SJB, 1883-today); Ergebnisse der Verzehrungssteuer im 
Verwaltungsjahr (1860–1891); Statistische Ausweise über die Preise der Lebensmittel und der 
Approvisionierung in Wien (1879ff). See Sandgruber  (  1978  and 1986) and Hauer ( 2010 ) for a 
more detailed discussion of available sources.  
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    11.3   The City of Vienna: Location, Population 
and Spatial Expansion 

 The City of Vienna was the capital and administrative and economic centre of the 
Austrian part of the Habsburg Empire ( Cisleithanien ), a state which encompassed 
roughly 300,000 km 2  and 28 million inhabitants in 1911. Following the collapse of 
the Empire after World War I in 1919, Vienna became the capital of the newly-
formed and much smaller Republic of Austria (83,900 km 2  and slightly above 
6.4 million inhabitants in 1922). 

 The city is located on the banks of the Danube River between the foothills of the 
Alps in the west and fertile lowlands of the Danube basin in the south and east, 
stretching into the agricultural regions of Lower Austria and Hungary. The precon-
ditions for supplying a pre-industrial urban centre with suf fi cient resources were 
favourable: the extensive woodlands and fertile agricultural land in the immediate 
hinterland and along the Danube provided the city with raw materials, fuelwood and 
staple food. The Danube and its feeders allowed for water transport of bulk materials 
right into the city centre (Gingrich et al.  2012  ) . 

 Vienna never had a pronounced industrial character. At times it had a reputation 
as a centre of the textile industry and manufacturing in the nineteenth century, but 
never attracted considerable energy-intensive heavy industries. This did not change 
substantially throughout the observed period. The numbers of steam engines in 
operation in Vienna indicate the low signi fi cance of Vienna as an industrial site. 
According to data derived from Sandgruber  (  1983  ) , in 1852 only 0.16 steam engines 
were installed per 1,000 inhabitants. By 1890, the number grew to 0.8, corresponding 
to an increase in installed power from 6 to 22 hp per 1,000 inhabitants. In indus-
trialised Great Britain, for example, the installed steam power was much higher 
and in the same period rose from 37 to 191 hp per 1,000 inhabitants (Castaldi and 
Nuvolari  2003  ) . 

 At around 1800, approximately 250,000 people lived in the capital of the Habsburg 
Empire. Throughout the nineteenth century until World War I, the city grew 
rapidly, experiencing waves of immigration from other provinces of the Empire 
(see Fig.  11.1 ). Population grew at exponential rates and reached a peak before World 
War I (Juraschek  1896 ; MSW various years). According to the census of 1910, slightly 
more than two million people, or 7% of the population of  Cisleithanien , lived in the 
city at that time. The collapse of the Habsburg Empire along with the economic crises 
of the 1930s and World War II brought urban expansion to a halt with population even 
declining between 1910 and 1950. Since then, Vienna’s population has  fl uctuated 
around 1.6 million inhabitants or about one- fi fth of the Austrian population.  

 For an investigation of urban development and urban metabolism it is essential to 
keep in mind that the administrative boundaries that de fi ne the city as a political (and 
statistical) entity are not static but change over time: Until the  fi rst expansion of the 
city’s territory in 1850, the City of Vienna was formally limited to the area within the 
city wall, approximately the current  fi rst district (2.8 km 2 ). Since 1704, however, a 
forti fi cation circle has surrounded the City and its suburbs, spanning around the cur-
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rent districts numbered 1–9 and parts of district 10. Above all, this forti fi cation, the 
so called “Linienwall”, served as a tax-border, at which a total of 220 goods had to 
be declared and tax was collected (Peterson  2005 ; Buchmann  1979  ) . The expansion 
of the city limits of 1850 formally absorbed the villages, residential and commercial 
areas which had been growing between city centre and the Linienwall into the city and 
increased the administrative territory to approximately 60 km 2 . In 1892 and 1905, the 
city limits were again moved outward and former suburbs were incorporated, extend-
ing the city to 178 and 278 km 2 , respectively. After WWII, the city reached its current 
extension, stretching over an area of 414 km 2 . This area is by no means equally 
urbanised. A considerable part of the current territory is used agriculturally (23%) 
or covered with protected woodlands (17%) (Eigner and Schneider  2005 ; Juraschek 
 1896  ) . Accordingly, population density within the city varied in 2001 from 1,300 to 
24,000 cap/km 2  across the 23 districts (MSW  2002  ) . 

 For the period 1800–1890, all quantitative information on population and energy 
use presented in this chapter refers to the area within the Linienwall (i.e., districts 
1–9, partly 10, 55.4 km 2 ); for the period 1890–1939 to an area of 278 km 2  and from 
1948 to 2000 to the current administrative territory (414 km 2 ). The periods 1912–1918 
and 1939–1947 were excluded from our data series because of irregularities and 
incomplete data records. It has to be noted that the shift in system boundaries, in 
particular the expansion of the system boundaries in 1890, results in a considerable 
statistical break. The expansion of the city limits in 1890 when the city absorbed 
industrial and residential areas outside the old Linienwall increased the territory of 
the city by a factor of 3.2. As a consequence, Vienna’s population grew by a factor 
of 1.6 (see Fig.  11.1 ) and  coal consumption by a factor of 1.4 (see also Fig.  11.2a    ). 
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  Fig. 11.1    Population development, Vienna 1800–2000. System boundary: 1800–1890 territory of 
districts 1–9; from 1890 on the respective administrative boundaries, see text (Source: MSW various 
years, Juraschek  1896  )        
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As population and energy  fl ow data consistently refer to the same territorial system 
boundaries, these statistical breaks are diminished when per capita  fi gures are 
presented.  

    11.4   Changes in Energy Use During Industrialisation 

    11.4.1   The Energy Transition 

 Figure  11.2  shows the development of energy consumption in the City of Vienna 
from 1800 until 2006. During the  fi rst half of the nineteenth century, energy use was 
growing slowly and the  fi rst doubling of energy consumption took almost 70 years. 
Growth accelerated mid-century and from 1870, it took less than 20 years for the 
next doubling to occur. Another 20 years later, in 1910, energy consumption was 
already 10 times larger than at the beginning of the observed period 100 years earlier. 
After a slump in the aftermath of World War I, energy consumption quickly recov-
ered. It reached a new peak before the economic crisis of the 1930s and entered a 
phase of unprecedented growth after World War II – quite similar to the development 
observed at the national scale (Krausmann and Haberl  2007  ) . Growth lasted until the 
early 1970s, when the oil price shocks of 1973 and 1979 slowed down the pace of 
growth (see also Krausmann and Fischer-Kowalski, Chap.   15     in this volume). Since 
then, energy inputs have remained high but subject to considerable annual  fl uctuations 
stemming mostly from ups and downs in the consumption of transport fuel and natu-
ral gas. 4  At the beginning of the twenty- fi rst century, energy consumption amounted 
to 180 PJ or 25 times the energy consumed in 1800. Vienna’s share in Austria’s  fi nal 
consumption grew from 5% in 1800 to almost one- fi fth two centuries later. 5   

 Vienna’s energy use not only multiplied during industrialisation, but also its 
composition changed: Fig.  11.2  shows that until the 1850s, the city’s energy demand 
was almost completely met from renewable biomass: Most of it was wood for the 
provision of heat for households and manufacturing. Food for urban dwellers 
and feed for draught animals accounted for only one- fi fth of urban energy demand. 6  

   4   The reasons for these  fl uctuations are not fully clear. They partly re fl ect actual ups and downs in 
energy consumption (due to e.g.  fl uctuations in winter temperatures) but they might be partly a 
result of the peculiarities of the compilation of energy statistics (in particular transport fuel) for 
urban systems.  
   5   A large fraction of the energy used in Vienna (as in many other cities) is imported as  fi nal energy 
ready for consumption (e.g. food, fuels, gas for heating, electricity). In practical terms, the energy 
consumption (DEC) calculated for Vienna is closer to  fi nal energy use than to primary energy supply – 
and for this reason Austrian  fi nal energy consumption is used as a reference measure.  
   6   Feed for draught animals for urban transport is most likely underestimated, as this estimate only 
includes draught animals reported within the city limits. These numbers seem to be rather low. 
A signi fi cant share of transport services may have been provided by carrying trade located outside 
the city.  

http://dx.doi.org/10.1007/978-94-007-1177-8_15
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  Fig. 11.2    Energy consumption (DEC) in the city of Vienna, 1800–2000: DEC in PJ/year ( a ) and 
share of energy carriers in DEC ( b )       
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For the  fi rst decades of the nineteenth century, coal was of very minor importance. 
Its share began to increase in the late 1830s and only in the 1850s exceeded a bench-
mark of 5%. From then on, the  fi rst energy transition progressed at a very rapid 
pace: in 1870, coal already accounted for one-third of total energy input and by 
1910, its share had risen to more than three-quarters. The share of coal reached its 
peak before the economic crises of the 1930s. From then on, petroleum products 
and natural gas increasingly substituted for coal. After WWII, the signi fi cance of 
coal rapidly diminished. In only two decades, its share in energy supply fell from 
80% to around 15%. From the 1980s, natural gas, with a share of 45% of DEC in 
2000, emerged as the dominant energy carrier, followed by heating oil and transport 
fuel, accounting for about one-third of supply. Over the 200-year period, the share 
of biomass declined to somewhat less than 10% and has remained at this level since 
the mid-1970s. Even though renewable or alternative commercial energy sources 
such as hydropower and district heat have gained importance since the early 1990s, 
their share of total energy supply is still less than 10% in Vienna. This is considerably 
lower than the Austrian average, where renewables account for more than one- fi fth 
of primary energy supply. 

 The rising importance of electricity is only partly visible in Fig.  11.2b , which only 
shows hydropower and imported electricity but ignores the electricity produced in the 
city’s thermal power plants. Electricity is the most universal form of useful work and 
key to industrial energy systems. The electri fi cation of the city began as early as the 
1880s, when the  fi rst thermal power stations ( Dampfzentralen ) were installed. Two 
decades later, the exploitation of water power for electricity generation also began. 
By the 1920s, around 20% of the electricity supply of Vienna was provided by small-
scale hydroelectric plants within the city. However, the use of electricity was con fi ned 
to a few applications and overall electricity consumption remained low, amounting to 
only a few PJ throughout the  fi rst half of the twentieth century. This changed after 
WWII, when the city rapidly became electri fi ed: electricity consumption grew steadily 
to more than 40 PJ/year at the beginning of the twenty- fi rst century and continues to 
rise. Also, the sources for electricity supply changed. While in the 1920s, 15–20% of 
all coal consumed in Vienna was burnt at very low ef fi ciency in thermal power plants 
in the city to produce 80% of the electricity demand, current net imports of electricity 
account for over 50% of total supply (Fig.  11.3 ). Most of the remainder is produced 
from thermal plants in Vienna, which have shifted from using coal to oil and, since 
the 1980s, mostly towards natural gas as the main feedstock. Thermal conversion 
ef fi ciency has been improved signi fi cantly, reaching 45%. Only a minor fraction of 
the city’s electricity supply is produced in urban hydropower plants.   

    11.4.2   Energy and Population Growth: 
From Scarcity to Abundance 

 Growth of energy consumption is not surprising for a rapidly growing city. But how 
exactly was growth in energy use related to urban growth? Figure  11.4  compares the 
development of population and energy use in Vienna. From Fig.  11.4a , it seems that 
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throughout the nineteenth century, energy use grew by and large in proportion to 
population growth and only in the twentieth century did energy consumption out-
pace population growth and per capita energy consumption began to rise. 
Figure  11.4b  provides a more detailed picture of the development of per capita 
energy use. It reveals that, in the period from 1800 to the 1860s, population indeed 
grew faster than energy supply. Energy available per inhabitant declined and by 
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the1860s was at only half of the value of 1800. At the same time, energy prices went 
up: the price of fuelwood increased from the 1830s until the mid 1870s, roughly 
doubling in this period. Only then did prices for wood begin to decline in response 
to the beginning of the dominance of coal.  

 The development of per capita energy use in this early period of rapid urbanisation 
is a product of several underlying factors. Firstly, the demand for fuel wood increased 
along with population and gradually required more distant forests and woodlands to 
be exploited to feed the growing city (Johann  2005  ) . This increased transport 
costs and, hence, energy prices (see Sect.  11.5 ). Secondly, declining per capita 
consumption also re fl ects a certain impoverishment of the population: Population 
growth was driven by massive immigration of people from the rural provinces and 
the relative growth of a poor working class. Thirdly, ef fi ciency gains, especially 
in household stoves, may have compensated at least partly for the decline in fuel 
supply and available useful energy probably did not decline at the same pace as 
primary energy input (see Sandgruber  1987 ; Radkau  1989  ) . Nevertheless, declining 
per capita consumption and rising prices of energy in the middle of the century are 
a strong indication that supplying the city with suf fi cient energy became increasingly 
dif fi cult in this period. It can be assumed that throughout the wood and the early 
coal period of industrialisation, household energy consumption and most likely also 
energy services did decline – in particular as industry and manufacturing were using 
growing amounts of energy. 

 Coal was used in Vienna from the 1830s, but only with the expansion of the railroad 
system 7  and improved river transportation did the increasing substitution of coal for 
wood begin to mitigate the tight situation with respect to urban energy supply, 
although a monopolistic tariff policy of the railway companies kept coal prices high. 
Energy consumption per capita only began to grow again in the mid-1870s. By 1910, 
it had reached the level typical for the early 1800s. Again, this is re fl ected in energy 
prices: Between 1870 and 1910, the prices for coal declined by 20%. Per capita 
energy consumption in the coal period of industrialisation peaked before the World 
Economic Crisis in 1928. This marked the beginning of a new phase of the urban 
energy transition. 

 In particular the period following WWII was characterised by a surge in per 
capita energy use, which almost tripled in less than 30 years: In this period, urban 
growth came to a halt and the population stabilised while energy use continued to 
grow. The new growth dynamic of the 1950s and 1960s was related to the next 
phase of the energy transition, in which petroleum products and natural gas rapidly 
substituted for coal as the prevailing energy carrier and electricity became a universal 
form of energy. Among the underlying factors were the relative decline in energy 
prices in that period (P fi ster  2003  )  and the rapid penetration of new energy (conversion) 
technologies, such as the internal combustion engine (see Krausmann and Fischer-
Kowalski, Chap.   15     in this volume). 

   7   The northern and southern railway stations were opened in the late 1830s. It took several decades, 
however, until Vienna was fully connected to the industrial centres of Moravia, Bohemia, Silesia 
and Prussia in the north (1848) and Styria and the Adriatic harbour of Trieste (1859) in the south.  

http://dx.doi.org/10.1007/978-94-007-1177-8_15
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 Technological change was supported by massive political and economic 
efforts. The “Marshall plan” for European recovery after the war, programmes for 
electri fi cation and the extension of transport and communication networks helped to 
rapidly provide the infrastructure basis for this transition. This facilitated the spread 
of individual transport, central heating and electric household appliances, all 
contributing to a surge in energy consumption, in particular of households. This 
process, which has been termed the  1950s syndrome  by the Swiss environmental 
historian Christian P fi ster  (  1996,   2003  ) , changed Vienna’s energy metabolism: 
during the period from 1950 to 1979, per capita energy use in Vienna almost tripled, 
reaching 100 GJ/cap/year; electricity use grew fourfold from 3.5 to 15.4 GJ/cap/
year (Fig.  11.4a ). After the oil price shocks in 1973 and 1979, growth slowed down 
considerably and eventually came to a halt. During the last decades, per capita 
energy use in Vienna  fl uctuated between 105 and 110 GJ/cap/year. At the beginning 
of the twenty- fi rst century, the provision of transport services is responsible for 
one-third of the total  fi nal energy consumption in the city, heating and cooling 
in households and of fi ces demands almost 40%, while industry consumes only 
one- fi fth (MSW  2008  ) .   

    11.5   The Spatial Imprint of Urban Consumption 

    11.5.1   Where Did Wood, Food and Coal Consumed in Nineteenth 
Century Vienna Come From? 

 Urban centres are centres of concentrated consumption. They require large amounts 
of material and energy inputs to sustain their population, infrastructures and produc-
tion. These resources are supplied from their immediate or distant hinterlands 
and urban consumption patterns shape the use of land and resources in these regions. 
Based on the sparse empirical evidence available from sources, the following  section 
will brie fl y highlight some of the spatial aspects of Vienna’s supply with energy 
resources in the nineteenth century. It explores from which regions the city’s demand 
for energy resources was met in the nineteenth century and how the  fi rst transport 
revolution and the expansion of the railroad network changed the spatial imprint of 
the city. 

 According to data reported in Wessely  (  1882  ) , around 60% of the wood delivered 
to the city in the 1860s originated from Lower Austria, partly from the woodlands 
surrounding Vienna towards the Alps in the West. The remainder came from distant 
woodlands as far west as Bavaria, Salzburg and Tyrol. In contrast, extensive wood-
lands located much closer to the west and south of Vienna in Styria and Lower 
Austria could not be exploited for urban supply because of the lack of transportation 
infrastructure. 

 Wood felled in the abundant woodlands in the immediate surroundings of Vienna 
( k.k. Wienerwald , see Johann  2005  )  was mostly transported several kilometres over 



25911 A City and Its Hinterland: Vienna’s Energy Metabolism 1800–2006

land on horse carts. Around 20% of the wood delivered to Vienna in the 1860s was 
transported as far as several hundred kilometres on the rivers Danube and Inn from 
distant places in Upper Austria, Salzburg and Bavaria. Another 15% was brought to 
Vienna from the north from Moravia and Bohemia (today’s Czech Republic) by rail. 
In total, 60% of the more than 600,000 m 3  that were shipped to Vienna in the 1860s 
was  fl oated down the Danube, one- fi fth was delivered on horse carts and only 
16% by rail. Throughout the eighteenth and nineteenth centuries, the network of 
 fl umes, arti fi cial waterways and log slides to transport wood from the forests along-
side the major  fl oating rivers was extended and changed forest ecosystems along the 
major water transport routes (Johann  2005  ) . With increasing demand, more and 
more distant woodlands were exploited. This increased transportation costs and 
contributed to growing fuelwood prices in Vienna (see above) and the increasing 
shift towards coal. 

 Coal deposits are scarce in the surroundings of Vienna. Large deposits were 
located 100 or more kilometres away to the south (Styria) and north (Bohemia and 
Moravia) (Lorenz von Liburnau  1878  ) . In the pre-railroad era, several minor coal 
deposits within a distance of 50–100 km of the city were exploited. This coal, total-
ling a few thousand tonnes per year, was delivered to the city on rafts or horse carts. 
From the second half of the nineteenth century, the northern railroad connected the 
city to the rich deposits in the north and supplied the city with increasing amounts of 
coal. In 1860, more than half of the more than 100,000 t of coal consumed in the city 
came from mines in Bohemia and Moravia and 16% from Prussia on this line and 
only 22% from the Austrian provinces of the Empire, mainly from Lower Austria. 

 The spatial patterns of food supply for nineteenth-century Vienna are more 
complex. In the pre-railroad period, not only transportation distances mattered, but 
also the limited possibilities to conserve food products shaped the spatial patterns of 
resource supply. In particular, refrigeration was limited and perishable foods such as 
vegetables and milk were generally produced in the immediate surroundings or 
even within the city limits. The main staple crops were produced on farms in the 
fertile agricultural regions stretching to the west and east of Vienna in the Danube 
basin and transported overland on horse carts or on the Danube and its feeders. 
A signi fi cant fraction of the annual cereal supply came from large holdings in 
Moravia and Hungary and from smaller farms in Lower Austria. But cereals were 
shipped from as far away as present-day Romania and transported upstream with 
the support of horses. Cattle were driven to Vienna in large herds from the Hungarian 
plains and slaughtered in the city (Peterson  2005  ) . 

 The spatial patterns of Vienna’s supply of wood, coal and food highlight the fact 
that for the development of urban centres in the early industrial period, the spatial 
distribution of key natural resources was crucial because the cost of overland trans-
port was prohibitive for bulk materials. 8  Until the expansion of the railroad network, 

   8   According to Braudel (in Sieferle et al.  2006  ) , transport costs on horse carriages are by a factor 9 
higher than those on natural water ways. Sandgruber  (  1987  )  quotes  fi gures for transport costs of 
fuelwood in 1855 that indicate that transportation on horse carriages is by a factor 10–20 more 
costly than transport on the Danube per unit of area.  
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the most important means to transport bulk materials such as fuelwood or cereals to 
Vienna were the Danube and its feeders and a modest network of channels which 
expanded the catchment area of the city. These low-density transport networks 
determined the relationship of the city with its resource-supplying hinterlands: 
Bulk resources like wood or mineral materials originated mostly from a more or less 
narrow corridor along water routes to minimise expensive animal-driven overland 
transport. Scarcity or abundance, in particular of wood, was not merely a question 
of overall resource availability in a region, but at least equally of accessibility and 
transport possibilities. 

 Based on the information available concerning the supply of wood, coal and food 
in the nineteenth century, a very rough quanti fi cation of the actual size of the hinterland 
upon which Vienna drew for its energy supply is possible. Bulk materials such as 
wood, coal and cereals were transported into the city from a hinterland with a radius 
of perhaps 200–300 km, corresponding to an area of 125,000–280,000 km 2 . But the 
urban utilisation of the different regions forming this area was of varying intensity. 
The actual spatial relations were shaped by their distance to the prevailing transport 
networks rather than by distance to the city alone (von Thünen  1826  ) , and while 
some far away regions were well connected to the city via the Danube, others in the 
close vicinity were hardly affected at all by the urban need for energy resources. The 
emergence of the railroad system radically changed the spatial relations between city 
and hinterland in the mid-nineteenth century. Within only a few decades, the railway 
lines connected Vienna to regions in the north and south that had hitherto had little 
function for Vienna’s resource supply, thus extending the urban hinterland (see 
Gingrich et al.  2012 ). In the twentieth century, the spatial imprint of the city changed 
again. The road system provided a transport network with an area density of more 
than one order of magnitude beyond that of the railroad network. 9  In addition, during 
the second phase of the energy transition, energy was increasingly transported in 
grid-bound transportation systems (pipelines, supra-regional electric grids) over sev-
eral thousand km from the location of extraction to conversion and consumption. At 
the beginning of the twenty- fi rst century, the hinterland of the city is global: While 
some of the food (vegetables, staple crops) are still produced in the vicinity of Vienna 
or even within the city, most of the energy originates from distant regions.  

    11.5.2   What Area Was Required to Provide the City 
with Suf fi cient Energy? 

 In this next section we turn from the extension of the resource-supplying hinterland 
to a more abstract measure of the size of the urban footprint: It presents an attempt 
to calculate how much productive land was actually required to provide the city 

   9   The area density of transportation systems changes dramatically with technology: Typical natural 
and arti fi cial waterways under optimum conditions may reach 10–15 m/km 2 , railroad systems 
80–100 m/km 2 , and modern road systems up to 2,000 m/km 2  (Central European averages, author’s 
own calculations).  
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with suf fi cient wood fuel and food and how the size of this urban footprint changed 
during industrialisation and with the energy transition (see Fig.  11.5 ):  

 A rough estimation of the forest area required to supply the city with fuelwood 
can be made by applying average nineteenth-century wood yields. According to 
cadastral records of Lower Austria (where a large part of the wood was harvested) 
from the 1840s, around 2.5–3.5 solid m 3  of wood could be harvested per hectare 
(ha) woodland per year in a sustainable way, that is without diminishing standing 
timber stocks. Using an average of 3 m 3 /ha/year, the fuelwood consumed per year in 
Vienna in the  fi rst half of the nineteenth century corresponds to a total forest area 
of 2,000–3,000 km 2 , an area equal to roughly 50% of the total forest area of Lower 
Austria (or 6% of the Austrian forests) at that time (Fig.  11.5 ). As losses during log-
ging, hauling and  fl oating were considerable and could amount to 25% or more of 
the felled wood, this calculation probably underestimates the total required forest 
area. From the 1850s onwards, when wood consumption began to decline, the 
required forest area sank to 1,000 km 2  and below. 

 Environmental historian Rolf Peter Sieferle  (  2001  )  has coined the term “subterra-
nean forest” to illustrate the impact of coal on the area-based energy system 
(Krausmann and Fischer-Kowalski, Chap. 15 in this volume). He argues that the 
energy supplied by coal far exceeds the theoretical capacity of land-based energy 
systems and was thus a major precondition for industrial growth. This also holds true 
with respect to the impact of the growing use of coal in Vienna: to calculate the size of 
the subterranean forest or the “virtual forest area” corresponding to the amount of burnt 
coal, we assume that the energy contained in coal can be substituted one to one by an 
equal amount of calori fi c energy contained in fuelwood. The amount of fuelwood 
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required to substitute coal can than be converted into a corresponding forest area by 
applying the same procedure as described above. This calculation shows that the annual 
fuelwood supply of Vienna was equivalent to an area of roughly 3,000 km 2  of wood-
lands in the hinterland (not considering losses, see above), an area which remained 
stable until the mid-nineteenth century. In contrast, the virtual forest area correspond-
ing to Vienna’s coal consumption rapidly increased to an area of more than 20,000 km 2  
before the outbreak of World War I. This area equals 60% of the total Austrian forest 
area. The fossil fuels burnt annually in Vienna at the turn of the twenty- fi rst century 
equates to a forest area of 50,000 km 2  (greater than the entire Austrian forest at nine-
teenth-century yields). These calculations once more underline the fact that coal was 
not merely a substitute for wood but a precondition for urban growth in the nineteenth 
century. 

 The quanti fi cation of the agricultural area required to provide enough (staple) 
food for urban supply 10  is intricate. Some rough estimates, which help to highlight 
the area intensity of urban food supply, are possible, however. In 1800, some 
140,000 tonnes of food, consisting of cereals, potatoes, meat and dairy products, 
beer and wine with an overall energy content 1.4 PJ/year, were consumed per year 
in Vienna. To calculate the agricultural area corresponding to this amount of food, 
it is not suf fi cient simply to apply crop-speci fi c net yields or food-speci fi c conver-
sion ratios. Low-input agriculture, characteristic of the early nineteenth century, 
was based on complex land-use systems maintaining productive capacity by non-
uniform land use, biomass and nutrient transfers and recycling processes (Loomis 
and Connor  1992  ) . That is, the production of a speci fi c crop was not only related to 
the plot of land where it was grown, but was also part of a multifunctional land-use 
system integrating cropland, grassland, woodlands and livestock husbandry at the 
farm or village scale (Krausmann  2004  ) . This makes it dif fi cult to calculate crop 
yields and it seems more plausible to use information of net aggregate food output 
per ha of agricultural land instead. Such information was derived from a number of 
case studies on food output in rural production systems in nineteenth-century Lower 
Austria and from average Austrian values (Krausmann  2004  ) . According to these 
studies, an average of 3.9 GJ of food  11  was produced per average hectare of agricul-
tural land and year in the mid-nineteenth century. 

 During the  fi rst agricultural revolution, which increased the area and labour 
productivity of traditional agricultural production systems, average food output 
increased to 7.2 GJ/ha/year in 1910. The fossil fuel-powered industrialisation of agri-
culture in the second half of the twentieth century tripled this value to more than 
23 GJ of food per ha agricultural area and year in the late twentieth century. Applying 
these average conversion ratios to the amount of food consumed in Vienna results in 
a demand of 3,700 km 2  of net agricultural area to meet the annual food requirements 

   10   The following calculations only refer to major domestic staple foods (e.g. cereals, potatoes, 
vegetables, meat, and dairy products). The inclusion of areas for special cultivars, such as tea, coffee, 
tropical fruits, olive oil etc., may have a signi fi cant impact on the outcome and increase in particular 
the food footprint for the contemporary period (see Erb et al.  2001  ) .  
   11   Calculated as the net output of plant and animal based food per total agricultural area.  
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of 250,000 urban dwellers by around 1800. This area is equivalent to 10% of the 
 agricultural area available in Austria (in its current boundaries). By 1910, urban 
growth had pushed the size of this area to 14,000 km 2 , despite signi fi cant increases 
in area productivity. Only the fossil fuel-powered industrialisation of agriculture 
reversed the trend and from the mid-twentieth century, the net agricultural area 
required to feed the city declined considerably: In the 1990s, less area was required to 
provide 1.6 million urban dwellers with suf fi cient food than for 0.25 million in 1800. 

 The above calculations implicitly assumed that all the food produced in an agri-
cultural production system was available for urban consumption. This was, of course, 
not the case and a quite different picture emerges if changes in labour ef fi ciency and 
agricultural surplus are also considered. The labour ef fi ciency of pre-industrial 
agriculture was low and only a fraction of the 3.9 GJ/ha/year that were produced in the 
hinterland could be exported to urban markets. The larger part of the produce was still 
required to meet the subsistence needs of the producing agricultural population (see 
also Fischer-Kowalski et al.  2004  ) . Using information on labour productivity and 
surplus rates derived from the abovementioned case studies, we can assume that in the 
early nineteenth century, an average of 80% of the food output per ha was consumed 
by the local agricultural population and that only 20% was eligible for export. By 
1910, the surplus rate had increased to 60% and in modern industrialised agriculture 
almost 100% of the net food output can be exported. Applying these coef fi cients to the 
numbers on area productivity presented above, we arrive at a total agricultural hinter-
land of 22,000 km 2  in 1800, but only slightly more than that (24,000 km 2 ) in 1910. 
This illustrates the tremendous signi fi cance of the improvements to traditional farm-
ing methods and the gains in both area and labour productivity for urban growth in the 
nineteenth century: Despite a multiplication of the urban population, the agricul-
tural footprint hardly increased. Industrialisation of agriculture and the unprecedented 
surge in yields and labour productivity further diminished the area required for urban 
food supply: At the turn of the twenty- fi rst century, only 3,500 km 2  of productive 
land were required to feed a city of 1.6 million people. 

 Another important aspect relating urban consumption to land use systems in the 
hinterland is the urban draw on the scarce nutrient reservoirs of the agricultural 
regions, supplying the centre with biomass. By exporting agricultural produce to 
urban centres, producing regions are deprived of large amounts of plant nutrients 
(see Schmid-Neset and Lohm  2005 ; Barles  2007  ) . Nitrogen may serve as an example 
here: Based on data on food consumption in Vienna and average nitrogen content of 
food products, it is possible to estimate the amount of nitrogen that was withdrawn 
every year from agricultural areas by urban consumption. According to this calcula-
tion, the amount of nitrogen contained in staple food consumed in the city increased 
from 2,000 t/year in 1,800–18,000 t/year in 1910; practically none of this nitrogen 
was returned to the producing regions. This was a massive loss of nutrients even 
on a larger scale: by 1910, the nitrogen drainage caused by Vienna’s food demand 
was roughly equal to the total amount of nitrogen  fi xed by leguminous crops or to 
almost one-third of all nitrogen returned to  fi elds by manuring in Austrian agriculture 
(on the current territory of Austria) (Krausmann  2004  ) . In the nineteenth century, 
urban centres increasingly emerged as sinks of crucial plant nutrients which ended 
in urban soils, waste water or air emissions. For pre-industrial land-use systems, 
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where the maintenance of soil fertility depended on low level natural inputs and a 
complex system of transfers and recycling of essential plant nutrients, these losses 
were an important factor. This is also re fl ected in the increasing efforts to recycle 
plant nutrients contained in nightsoil from urban centres in the nineteenth century 
(Barles  2007  ) . Only with the availability of arti fi cial fertiliser and massive nutrient 
replacement in the  fi rst half of the twentieth century was this problem relieved.   

    11.6   Conclusions 

 The case of Vienna is a textbook example of the energy transition. During the last 
200 years, a multiplication of energy use and a shift from renewable biomass towards 
coal and  fi nally oil and natural gas as the dominating energy source have been 
observed. Furthermore, the spatial relations between city and its resource-supplying 
hinterland changed with the energy system and corresponding technologies. These 
changes were not a continuous process, but different phases in the energy transition 
can be distinguished (Table  11.1 ): The biomass-based energy system prevailed until 
the 1860s. In this phase, population grew faster than energy supply and the amount of 
energy available per urban dweller declined. The growing city increasingly faced 
constraints inherent to the traditional solar energy system (see Krausmann and Fischer-
Kowalski, Chap.   15     in this volume). But rather than an absolute scarcity of energy 
resources in the surroundings, the spatial location of wood and food in relation to 
navigable waterways was the bottleneck for supplying the growing city with suf fi cient 
energy. In the 1860s, the expansion of the railroad network and the shift from biomass 
to coal began to relieve the tight supply situation and abolished major limitations of 
the solar-based energy system. For roughly 65 years, coal became the dominant energy 
source and triggered a multiplication of the size of the city and urban resource needs. 
In this phase, both population and energy supply grew at high rates and per capita 
energy availability increased only modestly (Table  11.1 ). This changed during the 
third phase of the energy transition, when after World War II coal was rapidly replaced 
by oil, natural gas and electricity. In this period of oil-driven growth, urban population 

   Table 11.1    Phases of the urban energy transition: Average annual growth rates of population and 
energy consumption (DEC) and the share of biomass and coal in total energy consumption   

 Biomass 
phase <1865 

 Coal phase 
1865–1928 

 Oil driven growth 
1934–1973 

 Industrial 
metabolism 
1973–2006 

 Population growth  %  1.4  1.9  −0.5  0.1 
 DEC growth  %  0.6  3.2  2.1  0.3 
 DEC per capita 

growth 
 %  −0.8  1.3  2.5  0.2 

 Share of biomass  %  100–70  70–15  15–7  7 
 Share of coal  %  0–30  30–85  85–6  <1 
 DEC range  GJ/cap/

year 
 35–20  20–47  41–100  95–105 

http://dx.doi.org/10.1007/978-94-007-1177-8_15
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began to decline while energy consumption continued to rise. Energy consumption 
per capita multiplied and drove overall urban energy demand. The oil price shocks in 
the 1970s brought an abrupt end to a century of growth in urban energy consumption. 
From then, both population and energy use grew at very modest rates and per capita 
energy consumption remained at a high level.  

 Growth in urban resource use was not simply causing an equal growth of the spatial 
imprint of urban consumption. It shows that the size and spatial location of the resource-
supplying hinterland is rather the combined result of various dynamic processes. 
Changes in transport technology were an important underlying factor: The transport 
revolutions from water transport to railroad and  fi nally road- and grid-based transport 
networks have radically altered the spatial relation between Vienna and its hinterland. 
In addition, increases in agricultural area and labour productivity, another effect 
of industrialisation, had a large impact on the urban footprint. Growth in output per 
unit of area and surplus rates contributed to the stabilisation and even decline of 
urban demand for agricultural areas, in spite of a multiplication of urban population 
and food demand. 

 The urban demand upon the resources of its hinterland is neither new nor is it a sus-
tainability problem per se. Urban centres never have been nor will they be self-suf fi cient 
with respect to their resource needs. But the Viennese case underlines that it is of key 
importance to understand the centre-hinterland relations in order to minimise inef fi cient 
patterns of resource supply and use as well as negative environmental impacts of urban 
consumption in distant regions, where they are not visible to the urban consumer. This 
is of particular signi fi cance as the extension of the urban hinterland has grown to a global 
scale and soon the majority of the global population will live in cities. 

 These  fi ndings show that urban growth is intrinsically linked to the emergence of 
a fossil fuel-based energy system. Only the shift from renewable biomass towards 
fossil energy carriers abolished barriers of growth inherent to the old energy regime. 
Modern cities consume large amounts of energy, both in absolute terms and per 
urban dweller; these patterns of urban industrial metabolism are intrinsically linked 
to the functioning of urban socio-ecological systems. Reducing material and energy 
use in urban centres will, therefore, require far-reaching changes in the functioning 
and spatial organisation of cities, of mobility and housing.      
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  Abstract   During the late nineteenth and early twentieth centuries, tens of millions 
of migrants left Europe for the Americas. Using case studies from Austria and 
Kansas, this chapter compares the socio-ecological structures of the agricultural 
communities immigrants left to those they created on the other side of the Atlantic. 
It employs material and energy  fl ow accounting (MEFA) methods to examine the 
social metabolic similarities and differences between Old World and New World 
farm systems at either end of the migration chain. Nine indicators reveal signi fi cant 
differences in land use strategy, labour deployment and the role of livestock. 
Whereas Old World farms had abundant human and animal labour but a shortage of 
land, Great Plains farms had excess land and a shortage of labour and livestock. 
Austrian farmers returned 90% of extracted nitrogen to cropland, sustaining soils 
over many generations, but they produced little marketable surplus. A key differ-
ence was livestock density. Old World communities kept more animals than needed 
for food and labour to supply manure that maintained cropland fertility. Great Plains 
farmers used few animals to exploit rich grassland soils, returning less than half of 
the nitrogen they extracted each year. Relying on a stockpiled endowment of nitro-
gen, they produced stupendous surpluses for market export, but watched crop yields 
decline between 1880 and 1940. Austrian immigrants to Kansas saw their return on 
labour increase 20-fold. Both farm systems were ef fi cient in their own way, one 
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producing long-term stability, the other remarkable commercial exports. Kansas 
farmers faced a soil nutrient crisis by the 1940s, one that they solved in the second 
half of the twentieth century by importing fossil fuels. Austrian and Great Plains 
agriculture converged thereafter, with dramatically increased productivity based on 
oil, diesel fuel, petroleum-based pesticides and synthetic nitrogen fertilisers manu-
factured from natural gas.  

  Keywords   Historical agro-ecosystems  •  Socio-Ecological metabolism  •  Agricultural 
frontier  •  Material and energy  fl ow accounting  •  Agricultural land use  •  Biophysical 
economy  •  Soil sustainability  •  Austro-Hungarian agriculture  •  Great Plains sustain-
ability  •  Grassland ecosystem      

    12.1   Migration 

 George Thir had a busy year in 1884. 1  Along with his parents, George and Theresia 
Thir, he emigrated from the corner of central Europe where today Austria, Hungary, 
and Slovakia meet. He travelled to the United States, made his way to the far edge 
of agricultural settlement in western Kansas, and selected a farm that would become 
his home for the remainder of his life. Kansas had organised its western territory 
just 6 years earlier, including the Thirs’ new home of Decatur County. By the time 
the Thirs arrived, the gently undulating mixed-grass prairie of western Kansas was 
 fi lling up with farmers. Most came from eastern parts of the United States, but a 
signi fi cant number came directly from Germany, Austria-Hungary, Sweden and 
other countries. The Thirs most likely immigrated from Gols, in what is now Austria, 
where most of their Kansas neighbours originated. They certainly came from some-
where in the German-speaking portion of the Austro-Hungarian empire. Over the 
course of his life, various of fi cial documents identi fi ed the younger George as 
German, Hungarian, Austro-Hungarian, and Austrian. The Austro-Hungarians who 
settled in the northwest corner of Decatur County, Kansas came from a cluster of 
farming villages within 25 km of one another, including Gols and Zurndorf in what 
is now Austria, and Ragendorf and Kaltenstein in present-day Hungary. 2  Born in 
May 1865, George Thir was 19 when he travelled to Kansas. Within a few months 
of arrival he chose suitable farmland in Section 18 of Finley Township and, on 9 
October 1884,  fi led a Homestead claim on 65 ha of grass (Decatur County Historical 
Book Committee  1983 , 25–31; Homestead records from Kansas GenWeb    2009   ; 

   1   This study is supported by U.S. National Institute of Child Health and Human Development grant 
nos. HD044889 and HD033554. An earlier version of this text appeared as Cunfer and Krausmann 
 (  2009  ) .  
   2   For details on the emigration from this region of the Austro-Hungarian Empire see Dujmovits 
 (  1992  )  and Antoni  (  1992  ) .  
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The reconstruction of Thir and Demmer family history comes from the following 
sources: U.S. Population Census manuscript schedules, Decatur County, Kansas, 
 1880 , 1900, 1910, 1920, 1930; Kansas State Board of Agriculture, population census 
manuscripts, Decatur County, Kansas, Kansas State Board of Agriculture  1885 , 
1895, 1905, 1915, 1925, held at Kansas State Historical Society, Topeka, hereafter 
cited as KSHS). 

 Turning raw prairie into a farm was slow, hard work. In March 1885, the new 
homestead, valued at $50, had no cropland, no livestock, no fences and no house. 
Thir worked as a blacksmith and boarded with neighbours. He had not really started 
farming his new land yet when the census-taker recorded his presence in the spring 
of 1885, but the next 10 years would see considerable progress on the Thir farm 
(Kansas State Board of Agriculture 1895 held at KSHS). 

 In 1888, when George Thir was 23 years old, he married Elizabeth Demmer, 
aged 20. Born in Gols in 1868, at the age of 13 she and her family had joined the 
chain migration to far western Kansas. Between the 1870s and 1890s, dozens of 
families left Gols, Ragendorf, Zurndorf and Kaltenstein for the United States, trav-
elling by ship across the Atlantic, then by train to Nebraska. Many settled near 
Crete, Nebraska, where a community of Austro-Hungarian immigrants welcomed 
new arrivals. The motivations for migration varied. Most migrants sought free agri-
cultural land and an opportunity for economic improvement, while some  fl ed the 
military draft. In 1983, for example, Carl Resch recalled his grandfather’s reason for 
leaving: “In 1883 John Resch Sr. immigrated to America with his wife and children 
to escape conscription into the army of Francis Joseph, Emperor of Austria-Hungary, 
and in search of good land and a better life—free from militarism that ravaged 
Europe periodically.” Another Gols native, Andreas Wurm, had already been drafted 
and discharged by the age of 17 when, in 1878, he joined two friends travelling to 
Nebraska. Like many others, they found Crete already full, and moved southwest 
to Decatur County, Kansas, where free land was still available. Not yet old enough to 
 fi le a homestead claim, Wurm brought his parents from Austria-Hungary to Kansas 
so that they could  fi le a claim for him ( Decatur County, Kansas , cit., 152, 204, 
333–334, 351–2, 374, 425, 428–433). 

 George’s new wife, Elizabeth Demmer, was also part of a multi-generational 
migration. She was one of  fi ve children born to Mathias and Maria Ecker Demmer. 
In 1881 the whole family moved to Crete, Nebraska, and then on to Decatur County, 
Kansas. Several other branches of the Demmer family made the move between the 
late 1870s and mid-1880s to the United States, where they found (and often inter-
married with) former neighbours from Austria-Hungary. Families from Gols, 
Ragendorf, and Kaltenstein selected homesteads all around Finley Township, where 
George and Elizabeth Thir made their new farm (Fig.  12.1 ). Elizabeth gave birth to 
a daughter, Susie M. Thir, in January 1889. A second daughter, born in May 1892, 
took her mother’s name. Their third and  fi nal child, George Jr., was born in May 
1895. By that year the farm, now worth $800, was thriving. It boasted cropland 
planted to corn, spring wheat, sorghum and potatoes, plus hay and grazing land for 
three horses, one milk cow, and one hog ( Decatur County, Kansas , cit., 152, 184, 
374, 430;  Standard Atlas of Decatur County, Kansas   (  1905  ) , held at KSHS, Kansas 
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State Board of Agriculture 1905, held at KSHS; Kansas State Board of Agriculture, 
population and agricultural census manuscripts, Decatur County, Kansas, 1895).  

 Over the next few decades, as the Thir children grew up, the farm expanded. By 
1905 it had doubled in size to 130 ha, with buildings, implements, a dozen milk 
cows, 10 beef cattle, 4 horses, 11 hogs, and a variety of cropland, hay land, and 

  Fig. 12.1    Austro-Hungarian immigrant farms, including the Thir farm, situated within Finley 
Township. Small locator maps show the location of Kansas within the United States and of Decatur 
County and Finley Township within the state of Kansas       
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pasture, all together worth $2,000. Ten years later, the farm had doubled in size 
again to 259 ha—one square mile of fertile Kansas farmland. The daughters moved 
out of the family home in their early twenties to join new husbands. George Jr. 
remained single, continued to live with his parents and farmed in partnership with 
his father into the 1940s. George Sr. died in 1949 and Elizabeth in 1953 (Kansas 
State Board of Agriculture  1905, 1915, 1920, 1925, 1930, 1935, 1940 ; U.S. 
Population Census  1900, 1910, 1920, 1930 ;  Herndon Union Cemetery  records, 
Rawlins County, Kansas). 

 When George and Elizabeth Thir migrated across the ocean, they left behind an 
agro-ecological system in Central Europe where farmland supported high popula-
tions on smallholdings, where rainfall was reliable, where nutrients and energy 
 fl owed through tightly bound pathways linking soil, plants, animals and people into 
a complex and highly evolved system. For centuries, farmers had pushed the land to 
produce as much food as possible to support growing populations, but in a way that 
could be sustained over many generations. In Austria-Hungary, land was scarce, 
labour (and hungry mouths) abundant. Livestock were a crucial component of the 
system, providing food and clothing, but also physical labour and manure to fertilise 
cropland (Krausmann  2004  ) . 

 They arrived in an agro-ecological setting in Kansas that had immense potential 
but little existing structure. There fertile soil was abundant and cheap, labour hard 
to come by, and rainfall uncertain. Population density was low, and even livestock 
were in short supply and expensive. George and Elizabeth spent their lives creating 
a new agro-ecological system where none had existed. They brought labour to bear: 
their own strong backs plus those of three children and a barnyard full of animals. 
They tapped into a rich stockpile of soil nutrients accumulated under native grass-
land over geological time. They organised a new farm system alongside neighbours 
from home and from many different parts of the world, one that meshed their cul-
tural inheritance with a semi-arid plains environment. The result was very different 
from the agricultural world they had left behind. 

 In order to understand the environmental history of farming communities like 
those the Thirs inhabited, it is important to recognise that agriculture is a coupled 
human-environment system (Haberl et al.  2006 ; Liu et al.  2007  ) . Borrowing meth-
ods from sustainability science, this chapter employs a long-term socio-ecological 
perspective to focus on biophysical relations between society and the natural envi-
ronment (Ayres and Simonis  1994 ; Fischer-Kowalski  1998  ) . Recognising that all 
economic activity is based on a throughput of materials and energy, social metabo-
lism links socioeconomic activity to ecosystem processes. The corresponding set of 
methods—material and energy  fl ow analysis (MEFA)—allows one to trace material 
and energy  fl ows through socioeconomic systems and provides a quantitative pic-
ture of the physical exchanges between societies and their environment. This 
approach has been applied in historical studies of local rural systems to investigate 
the relationship between land, humans, livestock, and the  fl ows of materials and 
energy related to production and reproduction in agricultural systems (Sieferle et al. 
 2006 ; Krausmann  2004 ; Cusso et al.  2006 ; Guzman Casado and Gonzalez de Molina 
 2009 ; Cunfer  2004 ; Marull et al.  2008  ) . George and Elizabeth Thir were not just 
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farming—they were also manipulating energy and nitrogen, shifting them across 
the landscape and directing them into and out of particular soils, biota, crops, and 
animals. MEFA methods take us beneath the surface to understand the ecological 
implications of socioeconomic activities.  

    12.2   Comparative Old World and New World Farm Systems 

 How did the farm system that immigrants left behind compare with that which they 
found (and created) on the Great Plains frontier? This chapter uses a long-term 
socio-ecological approach to explore similarities and differences in land use at 
either end of the migration chain (Fischer-Kowalski and Haberl  2007  ) . 3  It employs 
two community case studies, one in Austria and the other in Kansas, to compare the 
ways that people turned the raw materials of soil, climate, and biota into the  fi nished 
products of food,  fi eld, and culture. 

 Theyern, Austria, as it existed around 1830, serves as the  fi rst case study. Theyern 
is about 100 km northwest of Gols. A pre-existing dataset makes it possible to 
model Theyern’s land-use history in great detail. Although regional differences 
between farming systems in the nineteenth century are considerable, the basic socio-
ecological characteristics of pre-industrial agriculture in Theyern and the Gols-
Ragendorf-Kaltenstein region that fed Finley Township’s nineteenth century 
population boom are comparable. Theyern was a typical lowland farming system 
with an area of 2.3 km 2  and a population of 102 in 1829. The village lay in the low, 
rolling countryside of northeastern Austria. A loess soil over conglomerate rock 
with a high lime content provides good conditions for cultivation. With an average 
annual temperature of 10 °C and 521 mm of precipitation, Theyern has favourable 
climatic conditions for cereal production. The village has been cultivated for many 
centuries (Sonnlechner  2001  ) . By the early nineteenth century, more than half of 
Theyern’s area was cropland (Fig.  12.2a ). Despite a rather large livestock herd, only 
3% of the village was in grassland, but woodland commons provided additional 
grazing. Woodlands covered roughly one-third of the territory, but only prevailed on 
soils unsuitable for cultivation. They served not only as a source for fuel and timber 
but also provided grazing and litter for animal bedding (Krausmann  2004 , cit. 735–
773). Theyern, like Gols, was on the edge of a wine-growing region and, although 
there are no vineyards in Theyern itself, farmers had access to vines in neighbouring 
villages. Population density was high: 45 persons per km 2 . In 1829, Theyern was 
home to 17 families who farmed an average of 8 ha each  (  Cadastral Schätzungs 
Elaborat der Steuergemeinde Theyern, held at Landesarchiv St. Pölten  ) . However, 
three of the farms were larger (13–19 ha), while four had very small holdings of 
under 4 ha, probably producing barely enough for subsistence.  

   3   For an early discussion of agro-ecology as a central subject for environmental history see Worster 
 (  1990  ) .  
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 Until the mid-nineteenth century, land did not belong to the peasants but to the 
local manor, which assigned it to particular families. In the case of Theyern, the 
nearby Benedictine monastery of Göttweig served this function, and also collected 
tithes and taxes (in the form of money, compulsory human and animal labour, or a 

300 0 300 600Meters

N

Woodlands

Pasture,meadows and fruit gardens
Cropland

Land use,Theyern1829

a

b

All other land

300 0 300 600Meters

N

FieldC (Bodenfeld/Taubenfeld)

Field A (Hochgeit/Kleinfeld/Ortsried)
FieldB (Fahrenfeld/Mittelfeld)

Three field rotation system,Theyern1829

Woodland

Dispersed fields of Gill Farm

  Fig. 12.2    Theyern land management; ( a ) Small meadows and orchards clustered closely around 
residential house lots, while cropland surrounded the village. On the outskirts of the community, 
woodlands prevailed on poor soils not suitable for cropping; ( b ) The cropland portion of the agro-
ecosystem rotated annually through a three- fi eld sequence. Family farms consisted of scattered 
plots distributed across all parts of the village, as illustrated here for the Gill family, one of the 
larger holdings (ca. 13 ha farmland)       
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share of agricultural produce). Beside the peasant families and the manor, the  village 
itself was an important institution of land-use decision-making. The village man-
aged its woodlands collectively as commons. Also, the village as a whole deter-
mined the temporal rhythm of cultivation and crop choice. Each family tended 
numerous small plots of land scattered across the municipality. A three- fi eld rota-
tion system necessitated joint decisions and efforts with respect to ploughing and 
harvesting of crops (Fig.  12.2b ) (Cadastral Schätzungs Elaborat der Steuergemeinde 
Theyern, held at Landesarchiv St. Pölten). 

 The main source for the reconstruction of Theyern’s land-use and farming sys-
tems is the Franciscan Cadastre (Franziszeischer or Stabiler Kataster; Moritsch 
 1972 ; Sandgruber  1979  ) . This tax survey dates to the  fi rst half of the nineteenth 
century (1817–1856) and covered most of the territory of the Austro-Hungarian 
Empire, some 3,00,000 km 2 . It included a geodetic survey of the territory, estima-
tions of crop yields for all land-use classes and a report of monetary outputs (Lego 
 1968 ; Finanz-Ministerium  1858  ) . 

 Up to 39 different land-use classes plus up to four distinct quality designators 
appear on the maps. The Cadastral Summary (Catastral Schätzungs Elaborat) is the 
basic data source for the reconstruction of land-use practice and biomass and nutri-
ent  fl ows. This handwritten text exists for each map and offers an extensive descrip-
tion of topography, demography and the farming system. It contains detailed 
information on land use and land cover, yields, population, livestock and farming 
practices, as well as livestock feeding practices, soil manuring standards, general 
information on the number of farms, wealth of the community, use of animals and 
markets. In addition to the data provided by the cadastre, we used a wide variety of 
sources and literature about local, regional and general aspects of the structure and 
functioning of pre-industrial farming systems. 4  Furthermore, from previous research 
projects, published and unpublished data and analyses relating to the environmental 
history of the case study regions are available. 5  

 Theyern’s Cadastral survey dates to 1829. Rather than re fl ecting speci fi c condi-
tions during any single year, the cadastre reports long-term averages. A reconstruc-
tion of the agro-ecosystem on the basis of these data represents a valid average for 
the  fi rst half of the nineteenth century. While this restricts the direct comparability 
of the farming system that the Thirs left behind in Austria when they emigrated in 
the 1880s and their Kansas farm, the data still allows for a comparison of the general 
socio-ecological characteristics of different types of nineteenth century farming 
systems, which is the main goal of this chapter (Sandgruber  1978  ) . 

 At the other end of the migration lay Decatur County, Kansas. George and 
Elizabeth ended their separate travels on the Great Plains, a  fl at to gently undulating 
grassland environment, slowly rising in elevation from east to west. Recently 

   4   For a detailed description see Krausmann  (  2004,   2008  ) .  
   5   This material includes digitised versions of the original cadastral maps of the village, speci fi c 
evaluations of parcel protocols (e.g., the quanti fi cation of the extent of external land use, land use 
data, and factor costs at the farm level). See Projektgruppe Umweltgeschichte  (  1997,   1999  )  and 
Winiwarter and Sonnlechner  (  2001  ) .  
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buffalo range controlled by Cheyenne, Pawnee, and Arapaho horse cultures, Decatur 
County sat at the transition zone between dry mixed-grass prairie and very dry 
short-grass steppe (Fig.  12.1 ). Rainfall averaged 475 mm, and the dominant native 
vegetation was little bluestem, grama, and buffalo grasses. Trees were rare—less 
than 5% of ground cover—and appeared only in narrow bands along rivers and 
streams. Here soils were quite rich, but rainfall was unreliable, reeling between wet 
years with 800 mm or more and droughts when less than 250 mm fell. 6  To the Thirs 
and their neighbours the land promised a prosperous future. 

 The reconstruction of Decatur County’s agro-ecosystem comes mainly from 
agricultural censuses compiled periodically by the State of Kansas and the U.S. 
federal government. Census descriptions for individual farms in this part of Kansas 
are available for 1885, 1895, 1905, 1915, 1920, 1925, 1930, 1935 and 1940. These 
nine snapshots describe land-use activity over 55 years, from the beginning of fron-
tier farm-making to the establishment of a fully developed, modern agricultural 
system. Censuses report the acreage and yield of various crops on each farm, the 
number of livestock, the amount of irrigation, fencing, and agricultural implements 
owned. With these data we can follow the progress of the Thir homestead from raw 
prairie to integrated farm. Identical data exist for every farm in Finley Township, 
allowing a comparison between the Thir farm and the several dozen that surrounded 
it. Aggregated county level data are more readily available, existing for each year 
between 1880 and 1940. Thus it is possible to study the land-use history of the 
region at nested scales, from the individual farm to the rural neighbourhood of 
the township, to the entire 230,000-ha county, and, indeed, for all 105 counties in the 
state of Kansas. 

 Population censuses reveal important elements of the social side of farm sys-
tems. Manuscript population schedules are available for 1885, 1895, 1900, 1905, 
1910, 1915, 1920, 1925, and 1930. These data reveal the life cycles of families, as 
couples married and had children, as children grew up and left home, as people aged 
and died. Again, we can observe these changes at various scales, from individual 
people and families to aggregated townships and counties. Together, the population 
and agricultural censuses provide basic data about the social metabolism of Kansas 
farmsteads (Sylvester et al.  2006  ) .  

   6   Climate data come from two sources. The  fi rst is Karl, T.R., Williams, C.N. Jr., Quinlan, F.T., and 
Boden, T.A. (1990). United States Historical Climatology Network serial temperature and precipi-
tation data. Environmental Science Division. Publication No. 3404. Oak Ridge, Tenn.; Carbon 
Dioxide Information and Analysis Center, Oak Ridge National Laboratory. The historical clima-
tology data are stored as point data for weather stations at monthly intervals for 1,221 stations in 
the United States. The second source is National Climatic Data Center, Arizona State University, 
and Oak Ridge National Laboratory, Global Historical Climatology Network. This data set includes 
comprehensive monthly global surface baseline climate data. The Great Plains Population and 
Environment Project (  www.icpsr.umich.edu/plains    ) interpolated data from 394 weather stations in 
the Great Plains to counties for each month between 1895 and 1993.  

http://www.icpsr.umich.edu/plains
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    12.3   A Long-Term Socio-Ecological Approach 
to Agricultural Systems 

 This chapter uses a simple conceptual model of agriculture as a coupled socioeconomic 
and natural system (Fig.  12.3 ). It builds on basic assumptions about the relation of 
population, land use and agricultural production formulated by Ester Boserup, but 
extends this perspective by explicitly including  fl ows of material and energy 
(Boserup  1965,   1981  ) . It is speci fi c about the interactions of socioeconomic systems 
and ecosystems, allowing one to capture important technological developments 
related to the industrialisation of agriculture. In its most general form, the model 
de fi nes the main biophysical relations in terms of  fl ows of energy and materials 
between (and within) a natural system (i.e. the agro-ecosystem, characterised by 
biogeographic conditions and land use types) and a socioeconomic system, consist-
ing of a population subsystem (characterised by demographic attributes) and an 
economic production subsystem (including infrastructure, farm technology and 
livestock). 7  The model describes a farming unit (here a farm, township or village) as 
an agro-ecosystem managed by a local population investing labour and energy, 
applying a certain mix of technology, and generating a certain return of agricultural 
produce. It maintains exchange processes with other demographic, socioeconomic, 
and ecological systems. On a more detailed level, the model speci fi es the relation of 
land use and land cover with the extraction of biomass, different types of conversion 
and consumption processes within the local production system, and the  fl ows into 
and out of the local environment. Such a systemic perspective allows one to analyse 

   7   This version of the model focuses on biophysical relations between society and nature and thus 
reduces the socioeconomic system to its physical components, i.e. the population and the produc-
tion subsystem. See Fischer-Kowalski and Weisz  (  1999  ) .  

  Fig. 12.3    A conceptual model of agriculture as a coupled socioeconomic and natural system (See 
text for explanation)       
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all biomass and energy  fl ows and their interrelations within the farming unit, and to 
link them to land use, ecosystem processes and the demographic system.  

 The Austrian cadastral records and the Kansas agricultural and population cen-
suses can be used to quantify the  fl ows of nutrients, materials and energy through 
the various subsystems described in this model. This technique allows one to cross-
check the validity of historical data and to  fi ll gaps in the data when omissions or 
 fl aws occur in the original sources. For example, even though only fragmentary 
quantitative data on feed supply and livestock may be available from the cadastral 
record, knowledge about the reproductive patterns of livestock as well as species-
speci fi c feed demand make it possible to generate a picture of feed requirements 
compared to available supply. 8  

 This study identi fi es nine key socio-ecological indicators that describe the physical 
stocks and  fl ows of the two farm systems. Those indicators  fi t into three categories: 
people and space, farm productivity and livestock, and nutrient management. This text 
includes graphic  fi gures to represent the most important indicators; the complete data 
behind those  fi gures are available in Tables  12.1 ,  12.2 ,  12.3 ,  12.4 ,  12.5 , and  12.6 .

    People and Space    

 • population density : census population divided by land area (people/km 2 )  
   • average farm size : agricultural area 9  divided by number of farms (ha/farm)  
   • land availability : agricultural area divided by number of farm labourers reported in 
the Kansas census or estimated based on Theyern’s age structure (ha/person)     

   Annual Farm Productivity 

    • grain yield : cereal production (including grain returned as seed) divided by total 
area planted, excluding fallow (kg/ha)  
   • area productivity : plant and animal produce for human nutrition, including 
edible produce available for export, converted into food energy and divided by 
agricultural area (GJ/ha) 10   
   • labour productivity : plant and animal produce for human nutrition, including 
edible produce available for export, converted into food energy and divided by 
number of farm labourers reported in the Kansas census or estimated based on 
Theyern’s age structure (GJ/person) 11   

   8   See, for example, Schüle  (  1989  ) .  
   9   Throughout the paper we de fi ne “agricultural area” as not only cultivated and intensively used 
land such as cropland, meadows or fruit gardens but also uncultivated prairie and woodlands. 
Uncultivated prairie in Kansas and woodlands in Theyern were integral components of both agri-
cultural systems, as they were used for grazing or to extract bedding materials and also served as 
sources of biomass and plant nutrients transported to intensively used cropland (Cf. Krausmann 
 2004 ; Cunfer  2004  ) .  
   10   One Giga Joule (GJ) corresponds to 10 9  J or 239 Mega calories (Mcal). Food output is measured 
in Joules of nutritional value according to standard nutrition tables.  
   11   We use “area productivity” and “labour productivity” in conformity with their usage in the long-
term socio-ecological literature. Readers should be aware that economists have different de fi nitions 
for these terms.  
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   Table 12.1    Population, land use, livestock and crop production in Finley Township, 1895–1940   

 Variable  Unit  1895  1905  1915  1920  1925  1930  1935  1940 

 Population  Persons  227  389  341  392  373  379  n.d.  n.d. 
 Agricultural 

population 
 Persons  169  332  260  286  230  255  287  259 

 Farms  Number  32  64  58  65  63  64  72  65 
 Total area (land 

in farms) 
 ha  2,939  8,320  7,376  10,006  9,487  8,792  9,233  8,761 

 Cropland  ha  1,341  3,545  5,048  4,643  5,344  4,780  4,938  5,142 
 Corn  ha  830  1,095  1,079  783  1,778  1,571  1,784  1,383 
 Wheat  ha  291  1,509  3,148  3,186  2,957  2,738  2,116  1,416 
 Barley  ha  n.d.  373  177  212  128  181  219  639 
 All other crops  ha  220  568  645  462  482  290  819  1,704 
 Grassland  ha  1,598  4,775  2,328  5,364  4,142  4,012  4,295  3,619 
 All other land  ha  44  125  111  150  142  132  139  131 
 Cattle  Head  161  1,541  557  1,035  1,244  432  1,548  701 
 Horses (and 

mules) 
 Head  136  435  497  656  556  299  257  n.d. 

 Pigs  Head  167  1,749  531  335  1,114  344  222  30 
 Corn (harvest)  t  1,173  2,580  2,203  1,476  1,676  3,085  420  565 
 Wheat (harvest)  t  117  1,825  2,961  3,853  1,788  2,392  995  447 
 Barley (harvest)  t  n.d.  663  314  319  117  263  106  299 

  Sources: See text  

   Table 12.2    Population, land use, livestock and crop production on the Thir farm, 1895–1940   

 Variable  Unit  1895  1905  1915  1920  1925  1930  1935  1940 

 Population  Persons  4  5  4  3  3  3  3  3 
 Agricultural 

population 
 Persons  4  5  4  3  3  3  3  3 

 Farms  Number  1  1  1  1  1  1  1  1 
 Total area  ha  65  130  259  162  162  162  227  227 
 Cropland  ha  25  52  118  59  75  80  88  134 
 Corn  ha  20  8  8  12  16  26  24  28 
 Wheat  ha  3  32  81  40  49  51  57  34 
 Barley  ha  0  5  0  2  6  0  4  0 
 All other crops  ha  1  7  29  4  4  3  3  71 
 Grassland  ha  40  77  141  103  87  82  138  93 
 All other land  ha  1  2  4  2  2  2  3  3 
 Cattle  Head  1  22  26  30  21  11  25  4 
 Horses (and 

mules) 
 Head  3  5  8  9  9  8  5  n.d. 

 Pigs  Head  1  11  5  7  10  3  1  9 
 Corn (harvest)  t  29  19  17  23  15  52  6  12 
 Wheat (harvest)  t  1  39  76  49  29  44  27  11 
 Barley (harvest)  t  0  9  0  3  6  0  2  0 

  Sources: See text  
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   Table 12.3    Socio-ecological characteristics, Finley Township, 1895–1940   

 Variable  Unit  1895  1905  1915  1920  1925  1930  1935  1940 

 Population 
density 

 cap/km²  2.5  4.2  3.7  4.2  4.0  4.1  n.d.  n.d. 

 Farm size  ha per farm  92  130  127  154  151  137  128  135 
 Land 

availability 
 ha per agric. 

labourer 
 36  45  47  58  69  59  55  58 

 Grain yield  kg/ha/year  1,141  1,687  1,244  1,351  736  1,278  370  378 
 Area 

productivity 
 GJ/ha/year  4.6  4.9  7.0  5.1  1.7  6.5  0.4  1.6 

 Labour 
productivity 

 GJ/labourer/year  168  220  327  293  114  385  19  92 

 Marketable crop 
production 

 % of total 
production 

 74%  53%  69%  66%  26%  72%  −14%  43% 

 Livestock 
density 

 animal per km²   4.2  22.9  13.2  14.5  17.8  7.5  14.9  4.9 

 Nitrogen return 
on cropland 

 % of total 
extraction 

 27%  30%  30%  22%  38%  21%  68%  51% 

  Sources: See text  

   Table 12.4    Socio-ecological characteristics, Thir farm, 1895–1940   

 Variable  Unit  1895  1905  1915  1920  1925  1930  1935  1940 

 Population 
density 

 cap/km²  6.2  3.9  1.5  1.9  1.9  1.9  1.3  1.3 

 Farm size  ha per farm  65  130  259  162  162  162  227  227 
 Land availability  ha per agric. 

labourer
 32  43  86  54  54  54  76  76 

 Grain yield  kg/ha/year  1,274  1,427  1,041  1,371  709  1,246  406  369 
 Area 

productivity 
 GJ/ha/year  4.9  4.8  3.1  3.7  1.3  5.4  0.5  0.7 

 Labour 
productivity 

 GJ/labourer/year  159  209  267  198  68  293  34  55 

 Marketable crop 
production 

 % of total 
production 

 75%  59%  59%  54%  23%  65%  6%  33% 

 Livestock 
density 

 animal per km²   4.2  17.7  10.5  20.0  16.3  10.1  11.1  2.1 

 Nitrogen return 
on cropland 

 % of total 
extraction 

 20%  22%  58%  25%  39%  21%  58%  47% 

  Sources: See text  
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   Table 12.5    Population, land 
use, livestock and crop 
production in Theyern 
municipality, 1829   

 Variable  Unit  1829 

 Population  Persons  102 
 Agricultural population  Persons  102 
 Farms  Number  17 
 Total area  ha  225 
 Cropland  ha  135 
 Rye  ha  41 
 Cereal mix  ha  41 
 All other crops  ha  13 
 Fallow  ha  28 
 Grassland  ha  7 
 Woodland  ha  79 
 All other land  ha  4 
 Cattle  Head  85 
 Horses and mules  Head  5 
 Pigs  Head  42 
 Sheep  Head  77 
 Rye (harvest)  t  35 
 Cereal mix (Linsgetreide) 

(harvest) 
 t  32 

  Sources: See text  

   Table 12.6    Socio-ecological characteristics, Theyern municipality, 1829   

 Variable  Unit  1829 

 Population density  cap/km²  45.3 
 Farm size  ha per farm  13 
 Land availability  ha per agr. labourer  3 
 Grain yield  kg/ha/year  819 
 Area productivity  GJ/ha/year  4.4 
 Labour productivity  GJ/labourer/year  9 
 Marketable production  % of total production  25% 
 Livestock density  animal per km²  24 
 Nitrogen return on cropland  % of total extraction  92% 

  Sources: See text  

   • marketable crop production : cereal production minus grains required for feed, 
seed and subsistence (percentage of extracted biomass as tons dry matter)     

   Livestock and Nutrient Management 

    • livestock density : large animal units of 500 kg live weight divided by agricul-
tural area (animals/km 2 ) 12   

   12   We converted livestock numbers into large animal units of 500 kg live weight by using species 
and region-speci fi c data on average live weight in the observed period. See Krausmann  (  2004  ) ; 
735–773 and Krausmann  (  2008  ) , 56.  
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   • nitrogen return : N inputs from natural deposition, free  fi xation, manure and 
leguminous crops divided by N contained in harvested biomass (percentage of 
extracted N returned to soil) 13               

    12.4   People and Space 

 Theyern, Austria was typical of European agro-ecological systems. With episodic 
agricultural occupation dating at least as early as 1000 B.C., we know that popula-
tion expansion during the late Middle Ages led to a gradual re-colonisation of the 
area for agriculture. By 1830, Theyern had existed as a discrete community for 
hundreds of years and its cropland, hay meadows, grazing commons and sur-
rounding forests had been producing food, feed and shelter, year in and year out, 
for a very long time. Most members of the community lived nearly at the subsis-
tence level, producing as much food and supporting as many people as possible, 
given current cultivation practices, technology and energy availability. The fully 
populated land achieved its peak productive potential. Theyern’s population den-
sity in 1830 was 45 people per km 2  (Fig.  12.4a ). The average family farmed 13 ha 
of land, and there were 2 ha of agricultural land per person in the community 
(1 ha/cap if woodland is excluded; Fig.  12.4b , c). Over centuries, the people of 
Theyern had learned how to use their land intensively, supporting the highest 
number of people possible, and sustaining those populations for multiple 
generations.  

 The situation in Decatur County, Kansas, when Elizabeth Demmer, George Thir, 
and their compatriots arrived, was just the opposite. Here was land that had never 
known widespread agricultural use. For 10,000 years since the end of the last ice 
age, the Great Plains had been steppe grassland, home to wild grazers—bison—and 
browsers—pronghorn—but few other large animals. The indigenous people were 
mobile hunters and gatherers, travelling on foot over wide distances. Native agricul-
ture expanded on the plains only after 1000 A.D. and only over a very small area. 
Occasional patches of maize, beans, and squash dotted the narrow river valleys 

   13   This estimate of nitrogen return to soils is only approximate. This analysis does not include a 
full soil nutrient balance. For one thing, it does not consider N losses due to volatilisation and 
leaching. Furthermore, a comprehensive assessment of soil fertility would need to include phos-
phorus, potassium, and organic matter, plus the structural properties of soils. Given the limita-
tions of historical data, this paper focuses on those N inputs and extractions that farmers control 
most directly. For further details concerning the procedure used to estimate nitrogen  fl ows see 
Krausmann  (  2004,   2008 , 17–20) and Cunfer  (  2004  ) . On soil nutrient balances more broadly, see 
Loomis  (  1978,   1984  ) , Campbell and Overton  (  1991  ) , Loomis and Connor  (  1992  ) , and Shiel 
 (  2006a,   b  ) .  
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winding through vast uncultivated upland grasslands. 14  At their greatest extent, 
Indian crop  fi elds never reached even 1% of the area of the Great Plains. After the 
seventeenth century, many natives adopted horse-based hunting and gathering, and 
some moved in the direction of horse pastoralism. 

 European farmers who moved into the region in the late nineteenth century 
entered an agricultural vacuum. Importing livestock with them, and thus increasing 
their ability to work the soil by 100-fold, American, German, and Austro-Hungarian 
settlers began the enormous task of agricultural colonisation, plowing sod that had 
lain intact for thousands of years. The contrast with European agricultural villages 

   14   Farming Indians maintained soil fertility by swidden, moving their villages wholesale every 
5–10 years when soil nutrients failed and crop yields declined. The most notable difference 
between New World and Old World agriculture was the presence of domesticated animals in the 
latter. Indian farmers had no domesticated livestock. Women tilled the soil entirely through human 
labour. Thus Indian agriculturalists never farmed the widespread uplands of the Great Plains. Both 
population densities and the area of arable land remained very low. See Hurt  (  1987 , 57–64) and 
Wedel  (  1978  ) .  
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  Fig. 12.4    People and space, Theyern, 1829 and Finley Township and Thir farm, 1895–1940; 
( a ) population density; ( b ) average farm size; ( c ) land availability (Sources: see text)       
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could not have been greater. The population density in Finley Township, where 
George and Elizabeth Thir made their new farm, was only two people per km 2  in 
1895, an order of magnitude lower than in Theyern. The average farm size was an 
incredible 92 ha, so large that for the  fi rst several decades, few farmers could make 
use of all of their land and a considerable fraction of the available land was used 
only for extensive grazing. There were 17 ha of land in the township for every man, 
woman, and child. The amount of land available to be worked per agricultural 
labourer was huge and increased from 36 ha in 1895 to almost 70 ha in 1925, when 
the  fi rst tractors appeared in the township. Given the shortage of labour on this agri-
cultural frontier, much of the land remained unused. On the Thir homestead, 65 ha 
supported and employed two adults and three children. Compared to the community 
as a whole, the Thir farm was nearly representative, with a population density of six 
people per km 2  and about 16 ha of land per person. 

 The pioneer era in Decatur County lasted about 50 years, from 1870 to 1920. 
During that time farmers  fi lled the land, adjusted their farming practices to  fi t local 
soils, climate and topography, and moved toward an agricultural equilibrium. 
Population density in Finley Township increased during the initial period of home-
steading and then stabilised at between 4 and 5 people per km 2 . During the same 
period, average farm sizes rose rapidly, from 92 ha in 1895 to a peak at 154 ha in 
1920, then dropped slightly to settle at around 130 ha for the next few decades. Land 
per person followed a similar curve, rising from 17 ha in 1895 to 35 in 1920, and 
thereafter  fl oating between about 30 and 40 through the early twentieth century. On 
the Thir farm, rapid acquisition of additional land pushed these numbers higher for 
the family. In 1915, 30 years after immigration from Austria, the Thirs owned 
259 ha of land, a whopping 65 ha for each person in the family. While farmers on 
the Kansas frontier went through a period of adaptation and adjustment, they did not 
move toward an Old World style farm system of high population densities on inten-
sively used land; If anything, they moved away from that model.  

    12.5   Annual Farm Productivity 

 Theyern farmers maximized their grain yields, but within the bounds of long-term 
sustainability. They grew as much food as possible without undermining the ability 
of the land to support people for inde fi nite generations into the future. Theyern 
farms in 1830 produced 819 kg of grain per hectare, which, together with animal 
products, were enough to provide 9 GJ of nutritional energy for every farm labourer 
(Fig.  12.5a ). Area productivity was 2.9 GJ of food per hectare (Fig.  12.5b ). The 
highly integrated subsistence system supported a lot of people, but surplus above 
local demand was low and for the smaller farms production accomplished bare sur-
vival only. Here farmers had been re-using soils over centuries for agricultural produc-
tion. The population density matched agricultural production, given local climate and 
available technology. The largest share of farm output went toward local consumption. 
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Theyern exported from the local system no more than 25% of its agricultural produce 
through sales in nearby markets or rent paid to the landlord (Fig.  12.5d ). This pro fi le 
provides a long-term average of the community’s typical productivity throughout 
the  fi rst half of the nineteenth century.  

 In western Kansas the freshly ploughed soils produced much higher yields in the 
 fi rst couple of decades. Taking advantage of 10,000 years of stockpiled soil nutri-
ents, the Thir farm produced 1,274 kg of grain per hectare in 1895, 56% higher than 
Theyern’s yield, while Finley Township as a whole averaged 1,141 kg, a 39% sur-
plus over the Austrian case. The township’s area productivity in 1895 was 
signi fi cantly higher than in Theyern, at 4.6 GJ/ha, and because there were fewer 
people on the land in Kansas, nutritional energy production per farm labourer was 
168 GJ in Finley Township (Fig.  12.5b , c). Such return on labour—nearly 20 times 
Theyern’s rate—was stupendous. Whereas one Theyern farm labourer grew enough 
food to feed about 2.5 people, one agricultural labourer in Finley Township could 
feed nearly 50. No person could reasonably consume so much food. Rather, the excess 
production beyond subsistence needs went into market exports. Agriculture in the 
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  Fig. 12.5    Annual farm productivity, Theyern 1829 and Finley Township and Thir farm, 1895–
1940; ( a ) grain yield; ( b ) area productivity; ( c ) labour productivity; ( d ) marketable crop production 
(Sources: see text)       
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Great Plains was from the beginning oriented towards commercial production 
and was reliant on the expanding railroad network to transport grain to urban markets. 
Three-quarters of the grain grown in Finley Township was in excess of local food 
and feed needs, and instead found national and international markets. At harvest 
farmers bagged their wheat, hauled it to grain elevators on the railroad line and 
shipped their produce east. Cities grew rapidly in the late nineteenth century as 
other immigrants poured in to take factory jobs in the United States’ industrialising 
economy (Prickler  2003  ) . Kansas wheat farmers fed not only themselves but those 
distant urban workers too. 

 The exploitation of stockpiled soil nutrients could not continue inde fi nitely. 
Through the early twentieth century, cereal yields in western Kansas fell, plummet-
ing to less than a quarter of their peak levels. As farmers ploughed up fresh land in 
the  fi rst two decades of agricultural settlement, yields remained high, rising from 
1,141 kg/ha in 1895 to 1,687 kg 10 years later. Thereafter, once most of the new 
land was already in production, yields began to fall, down to 1,244 kg in 1915 and 
736 kg in 1925. By the 1920s, in the fourth decade of agricultural settlement, grain 
yields dropped to levels similar to those Theyern farmers had produced a century 
earlier. Still, yields continued to fall, to below 400 kg during the 1930s drought. The 
Thir farm closely followed community-wide trends. 

 The decline in yields was unmistakably downward over half a century, but from 
year to year there were sharp upturns and downturns. For example, 1925 saw town-
ship-wide yields of only 736 kg/ha, but 1930 produced a bumper crop at 1,278 kg. 
Five years later, in 1935, production was down sharply again. Area productivity 
likewise varied widely,  fl uctuating between 4 and 7 GJ/ha, then dropping to less 
than 2 in 1925 and again in the 1930s. Crop yields in Kansas derived not only from 
soil fertility, but also from soil moisture. The extreme annual variation in rainfall at 
the centre of the continent hovered just above or just below the minimum precipita-
tion necessary to sustain wheat, corn, and other cereals. Unlike in Theyern, rainfall 
controlled yields as much as soil quality did. Thus the extremely low yields in 1935 
and 1940 resulted more from the deep drought of those years than from depleted 
soils. The downward trend in yields over the long term reveals a combination of 
declining rainfall and soil mining in western Kansas during the pioneer era. Newly-
arrived farmers produced stupendous food excesses and sold those crops into the 
cash market. In the process, they exploited the stockpiled soil fertility that had accu-
mulated century by century under native grass. 

 None of the primary sources report actual exports of farm produce. Instead, we 
estimate marketable crop production by calculating how much of the harvest was 
needed for feeding the people and livestock in the community and for seeding next 
year’s crop. Any surplus would have been available for sale on the market. The 
marketable production in excess of subsistence needs moved downward in Finley 
Township, along with yields, from 74% in 1895 to just 26% in 1925. It bounced 
back with strong rainfall in 1930 to 72%, but then fell with the arrival of drought 
in the 1930s. By 1935, cereal production actually fell 14% below what was needed 
for bare subsistence, but was up again to more than 40% of total production just 
5 years later.  
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    12.6   Livestock and Nutrient Management 

 In addition to high human population density, Old World farm systems had high 
densities of livestock. The menagerie of European agriculture included oxen, beef 
cattle, milk cows, draft horses, mules, donkeys, hogs and pigs, goats, and an array 
of birds, including chickens, ducks and geese. Theyern, for example, had 24 large 
animals (500 kg equivalent) per km 2  around 1830 (Fig.  12.6a ). The impact of live-
stock cannot be understated. Most obviously, farm animals provided food (beef, 
pork, poultry, milk, eggs, lard, butter) and clothing (leather, wool). They also pro-
vided labour for ploughing soil, cultivating weeds, harvesting crops and transport-
ing farm produce over short and long distances. 15  More subtle, but no less signi fi cant, 
was the impact of manure produced by livestock. Rich in nitrogen, organic carbon, 
and other soil nutrients, livestock manure was a vector by which people could redi-
rect nutrients from biomass that humans cannot digest (grass, brush, stubble, litter) 
to agricultural crops. Livestock also functioned as a means to move fertility from 
place to place across the landscape. For example, cattle grazing grass or brush grow-
ing on steep hillsides, in forests or over non-arable soils, accumulated nutrients that 
they brought back to the farm yard and deposited on the ground. When farmers 
applied manure to their crop  fi elds, they essentially transported soil nutrients from 
untillable land to arable land, subsidising fertility in the in fi elds with nutrients trans-
ported by livestock from the out fi elds. Theyern farmers maintained signi fi cantly 
more livestock than they needed for food and labour; they kept additional animals 
because of their manure production (Allen  2008 ; Frissel  1978 ; Cusso et al.  2006  ) .  

 Every year, Theyern farmers returned to the soil more than 90% of the nitrogen 
that they extracted from it in crops (Fig.  12.6b ). Much of that restored nitrogen 
 fl owed through livestock and their manure. Collecting, processing and properly 
applying manure was labour-intensive work. The whole system was intricately 
interrelated: Feeding a dense population required maintaining animals that pro-
duced manure, which in turn required a signi fi cant labour force and thus dense 
populations. Domesticated animals enabled the soil restoration necessary for con-
tinuous cropping into the inde fi nite future. The presence of these animals distin-
guished Old World farming from that of Native Americans. In the Americas, natives 
had no livestock, and managed soil fertility by moving to new farm  fi elds every 
5–20 years as soil fertility declined. 

   15   The most common draft animals used in Theyern around 1830 were oxen. Only the larger farms 
kept horses, while in small holdings cows were also used for labour (working  fi elds and fallow 
areas) and transport (moving harvest from dispersed  fi elds), fuelwood from the community forests, 
and manure back to the  fi elds. Krausmann  (  2004  )  estimates that installed power amounted to 0.17 
kW per ha of cropland. According to Schaschl  (  2007  ) , who quanti fi ed the monthly supply of and 
demand for human and animal labour during the course of a year for individual farms in Theyern, 
the supply of animal labour exceeded demand even during peak seasons in March and April. In 
Finley Township, horses were the only animals used to provide work until the  fi rst tractors appeared 
in the 1920s. According to our estimate, installed power per unit of cropland was similar to that in 
Theyern.  
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 Another mechanism for the maintenance of soil nitrogen in the European system 
was fallow rotation. In 1829, cropland in Theyern was still cultivated in the tradi-
tional three- fi eld rotation. A crop of winter cereal in the  fi rst year and a summer 
cereal in the second year was followed by a year of fallow. During the fallow period, 
the land was manured and vegetation regrowth was ploughed into the soil. 
Mineralised nutrients from organic matter accumulated for the bene fi t of crops in 
subsequent years. Natural ecosystem processes also provided additions of soil nitro-
gen, including free  fi xation by soil microorganisms and nitrogen deposited from the 
atmosphere in rain, snow or dust. At the turn of the nineteenth century, Austrian 
farmers were only beginning to include nitrogen- fi xing legume fodder crops such as 
clover or alfalfa fodder into their crop rotations, but in the coming decades legumes 
gradually replaced fallow in the crop rotation system, emerging as a crucial element 
in the management of soil fertility. In Theyern in 1829, roughly one- fi fth of the fal-
low  fi eld was planted with clover, already providing a considerable contribution to 
soil nitrogen stocks. Thus, by a combination of means Theyern farmers were essen-
tially in balance, replacing about as much soil nitrogen as they extracted each year. 

 Finley Township, for its part, was decidedly out of balance with the nitrogen 
system. The initial plough-up accelerated the decomposition of accumulated organic 
matter and spiked nitrogen into the soil for the  fi rst several years (Parton et al.  2005  ) . 
But ongoing ploughing and cultivation soon generated nitrogen declines through 
both chemical and biological processes (Hass et al.  1957  ) . Exposure of soils to the 
atmosphere initiated ammonia volatilisation by which stored nitrogen escaped into 
the air. Tillage also encouraged bacterial denitri fi cation, in which soil bacteria con-
verted nitrate to nitrogen gases by means of digestion, returning soil nitrogen to the 
atmosphere. Ploughing could accelerate leaching of nitrogen via rainwater deep into 
the soil, plus additional losses from water and wind erosion (Stevenson  1982 ; Cunfer 
 2004 ; Burke et al.  2002  ) . Thus it is not surprising that crop yields began at remark-
ably high levels, then dropped throughout the next 50 years after settlement. 
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  Fig. 12.6    Livestock and nutrient management, Theyern, 1829 and Finley Township and Thir farm, 
1895–1940; ( a ) livestock density; ( b ) nitrogen return (Sources: see text)       
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 In addition to these natural nitrogen losses, Kansas farmers extracted more nitro-
gen from their soils than they returned each year, in large part because they put little 
manure back onto the  fi elds. Finley Township had a low livestock density of only 
four large animals per hectare in 1895, far below Theyern’s 24. That number rose to 
23 animals per km 2  in 1905 (mostly beef cattle, horses, and milk cows), and then 
dropped steadily over the next 40 years, down to just  fi ve again by 1940. The rela-
tive shortage of livestock on Kansas farms meant that farmers had correspondingly 
less manure with which to return nitrogen to cropland soils. Farmers there returned 
only 27% of the nitrogen they extracted in 1895, and that number remained below 
40% through the 1920s. The 1930s saw an increase in nitrogen return to between 50 
and 70% only because signi fi cant crop failures during drought years prevented 
farmers from extracting much nitrogen from their land. 16  With natural soil fertility 
that far exceeded subsistence needs and that produced large, exportable surpluses 
for two decades, farmers did not feel the need to husband large numbers of livestock 
for the purpose of manure accumulation. They needed horses for labour and used 
cattle and pigs for household food and to create added value to uncultivated prairie. 
But beyond that, they did not maintain additional animals simply for their soil fertil-
ity bene fi ts, as in Theyern. 

 As George and Elizabeth Thir and their neighbours took more nitrogen than they 
returned every year, crop yields fell. It took a couple of generations before crisis 
loomed, and in the 1930s several regional problems converged. Low and declining 
soil fertility began to pressure farms just as a 9-year drought devastated the region 
and a world-wide economic depression further challenged farm sustainability. The 
eventual solution came, not in adopting Old World-style farm management, but 
from the importation of fossil fuel energy. The decline in livestock density in Finley 
Township after 1905 went hand-in-hand with the advent of fossil fuel energy deploy-
ment. When farmers adopted tractors, trucks, and other internal combustion engines 
in the early twentieth century, they decreased their horse populations, simultane-
ously decreasing their manure supply. After World War II, farmers addressed their 
soil fertility problem by applying synthetic fertiliser in place of the missing manure. 
Nitrogen fertiliser also represents a fossil fuel import, since its production requires 
large amounts of natural gas. Thus twentieth century farmers substituted fossil fuel-
driven tractors for the labour function of livestock, and substituted fossil fuel-derived 
fertilizers for the manure function of livestock. In multiple ways, fossil fuels pro-
vided substitutes for the missing livestock in the Kansas farm system.  

   16   While the peaks in the rate of nitrogen return in Finley Township and at the Thir farm in the 
1940s are due to harvest failures and consequent low nitrogen extraction rather than to increases in 
nitrogen input, leguminous crops contributed to the high return rate (above 50%) which can be 
observed for the George Thir farm in 1915. This was the only year when Thir planted a consider-
able fraction of his cropland with alfalfa.  
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    12.7   Conclusion 

 This chapter presents a detailed picture of the social ecology and metabolic 
characteristics of farming systems in Decatur County, Kansas and their develop-
ment over time. The Austrian case, the rural village of Theyern, serves as a refer-
ence point to contrast the Kansas farm system and highlight de fi ning socio-ecological 
characteristics. Even though direct comparability may be hampered by differences 
in time period, environmental context, and institutional settings, some conclusions 
about factors that determine the socio-ecological characteristics of farming systems 
and their development over time are possible. 

 In some respects, the two farm systems were similar. Both were mixed farming 
communities that integrated cereal production with domesticated livestock. Area 
productivity, the amount of food produced per area of farmland, was similar. In 
1830, 1 ha of farmland in Theyern produced about 2.9 GJ of food; in 1895, 1 ha in 
Finley Township, Kansas produced 4.6 GJ. Area productivity  fl uctuated with rain-
fall in Kansas, between highs of 7 GJ and lows of less than 1, but both farm systems 
were at the same order of magnitude. 

 The same was not true for labour productivity. Theyern produced about 9 GJ of 
food per farm labourer while those in Decatur County produced 200 GJ, 20 times 
their cross-Atlantic counterparts. The Theyern farm system coaxed food from the 
soil through intensive applications of labour, both human and animal. Maintaining 
area productivity meant high population densities of both people and livestock to 
sustain soil fertility. In Kansas, farmers needed (or invested) very little labour to 
produce large amounts of food. Consequently, population and livestock densities 
were lower, and declined between 1905 and 1940. 

 The two farm systems had different optimisation goals. The long history of sub-
sistence farming, the tight social networks of village, manor and church in Theyern 
aimed not at peak production but at risk minimisation and long-term sustainability. 17  
Theyern’s greatest resource was a high labour supply, which it employed to main-
tain soil fertility. The tiny, scattered village  fi elds, managed collectively, did not 
encourage peak production, but rather diversi fi ed holdings for all families and 
reduced the risk of catastrophic failures. 

 Finley Township, Kansas, followed a different strategy aimed at taking advan-
tage of new commercial grain markets in the industrialising cities, new transporta-
tion opportunities as railroads spread across North America, and a rich endowment 
of fertile soils. Here were economies of scale with large, consolidated farms. Kansas 
was short of labour, but instead exploited its chief resource: abundant soil nitrogen 
and organic carbon, accumulated through millennia and mined in the  fi rst 50 years 
after settlement. The two systems were both ef fi cient in their own way. Theyern 
supported the most people possible over long periods of time, usually producing 
enough food to keep them alive but rarely enough to make them wealthy. Finley 

   17   For a discussion of risk minimisation strategies see McCloskey  (  1976  ) .  
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Township maximized productivity, dramatically raising the standard of living for 
immigrants and their descendents. The nine socio-ecological indicators discussed in 
this study de fi ne and frame the two strategies. 

 But agricultural systems never remain static, and the social metabolic systems in 
both Austria and the Great Plains changed through the nineteenth and early twenti-
eth centuries. In some ways their trajectories crossed paths. Austria as a whole 
moved steadily upward from relatively low yields and labour productivity in the 
early nineteenth century to higher production and increasing labour productivity by 
the century’s end. Yields doubled over 75 years (Sieferle et al.  2006  ) . Finley 
Township, for its part, began with high yields and labour productivity in 1895, and 
drifted downward over the decades, to a nadir in the 1930s. Kansas had reached a 
crisis of soil fertility by World War II. Thus through the nineteenth century and early 
twentieth century, the two farm systems moved in different directions. 

 After World War II, the application of fossil fuels to agricultural systems trans-
formed both locations and began a transformation of productivity never seen before 
in the history of agriculture. The import of energy—diesel fuel for tractors, natural 
gas for nitrogen fertiliser, petroleum for pesticides, and gasoline and electricity for 
a multitude of farm machinery—presented a new solution to the ancient problem of 
maintaining soil fertility. With fossil fuels, Austrian farmers no longer needed to 
invest enormous amounts of labour in demanding livestock to provide power and 
manure. With fossil fuels, Kansas farmers could continue farming their depleted 
prairie soils by applying synthetic nitrogen every year as they watched crop yields 
rebound, match pioneer-era levels, and then exceed any previous production levels. 
It was not clear at the time, but the solution to the age-old problem of agricultural 
sustainability—soil maintenance—created a different one: unsustainable external 
energy inputs. But in the gap between the soil crisis and the oil crisis, Austrian and 
Kansas agricultural metabolism converged, with each moving toward high out-
put commercial farming. By the end of the twentieth century, average cereal 
yields in Austria and Kansas were at a similar level and ranged between 6.5 and 
7.5 t/ha (Sieferle et al.  2006 ; Kansas State Board of Agriculture.  Biennial Reports . 
Topeka, Kans.). 

 Pioneer farms are rarely in equilibrium with their environment. By de fi nition, 
settlers undertake the task of transforming their environment and inevitably undergo 
an adaptation process as they learn the limits of their new home, its climates, soils, 
plants, animals, and microorganisms. The Thir family liberated themselves from 
conservative Old World institutions and constrained Old World agro-ecosystems. 
But the farm they built on the Kansas frontier was unsustainable. The soil mining 
enterprise played out over several generations, between 1880 and 1930, but by then 
a soil fertility crisis loomed. It is no coincidence that the 1930s stand out in American 
memory as a time of rural crisis, population turmoil, and transformation in govern-
ment agricultural policy. The drought, dust storms and global economic depression 
certainly contributed, but frontier farming in the Great Plains would have faced a 
dramatic change even without those forces. The application of fossil fuel energy 
saved the region for commercial agriculture, and allowed farmers to sustain their 
land-use practices for another 75 years. 
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 In a broader global context, the stories of Old World and New World agriculture 
are intimately connected. Even as nitrogen  fl owed through local human, livestock, 
and cropland systems, broader  fl ows across the Atlantic tethered these places to one 
another. The New World agricultural frontier provided novel opportunities for 
European farmers escaping subsistence lifestyles, and millions followed the Thirs 
and Demmers across the ocean. The grain and beef they produced  fl owed the other 
way,  fl ooding Europe with cheap American food that undermined farm villages 
across the continent. It was that economic pressure on traditional European agricul-
ture that forced innovation and led to Austria’s steadily increasing yields in the late 
nineteenth century. Economists have argued that highly ef fi cient New World farm-
ers pressured backward and inef fi cient Old World people to improve agriculture 
(which some did) or to abandon it for industrialising cities (which most did) (Hayami 
and Ruttan  1985 ; Persson  1999 ; Williamson  2006 ; Van Zanden  1991 ; Koning  1994  ) . 
This chapter points out an ecological component to the story that economists have 
missed or downplayed. One of the key reasons why New World farmers were so 
ef fi cient and able to produce such stupendous crop surpluses for export between 
1870 and 1930 was their endowment of stockpiled soil nutrients. For half a century, 
Great Plains farmers mined their rich soils and dumped those nutrients on the world 
market, disrupting risk-averse, long-lasting agricultural systems across the ocean. 
New World farming could not be sustained over the long term yet it undermined Old 
World systems that had been in place for centuries. Then, as the mid-twentieth cen-
tury soil depletion crisis loomed, fossil fuel fertilisers and other high energy inputs 
rescued farmers, as the developed world substituted oil for soil.      

      References 

    Allen, R. C. (2008). The nitrogen hypothesis and the English agricultural revolution. A biological 
analysis.  The Journal of Economic History, 68 , 182–210.  

    Antoni, M. (1992).  Nach Amerika… Materialien zur Landesausstellung in Güssing . Eisenstadt: 
Pädagogisches Institut des Bundes für Burgenland.  

    Ayres, R. U., & Simonis, U. E. (1994).  Industrial metabolism: Restructuring for sustainable devel-
opment . Tokyo/New York/Paris: United Nations University Press.  

    Boserup, E. (1965).  The conditions of agricultural growth. The economics of agrarian change 
under population pressure . Chicago: Aldine/Earthscan.  

    Boserup, E. (1981).  Population and technological change – A study of long-term trends . Chicago: 
The University of Chicago Press.  

    Burke, I. C., Lauenroth, W. K., Cunfer, G. A., Barrett, J., Mosier, A., & Lowe, P. (2002). Nitrogen 
in the Central Grasslands Region of the United States.  BioScience, 52 , 813–823.  

       Cadastral Schätzungs   Elaborat der Steuergemeinde Theyern , held at Landesarchiv St. Pölten.  
    Campbell, B. M. S., & Overton, M. (Eds.). (1991).  Land, labour and livestock: Historical studies 

in European agricultural productivity . Manchester: Manchester University Press.  
    Cunfer, G. A. (2004). Manure matters on the great plains frontier.  The Journal of Interdisciplinary 

History, 34 , 539–567.  
    Cunfer, G., & Krausmann, F. (2009). Sustaining soil fertility. Agricultural practice in the old and 

new worlds.  Global Environment, 4 , 8–47.  



294 G. Cunfer and F. Krausmann

    Cusso, X., Garrabou, R., & Tello, E. (2006). Social metabolism in an agrarian region of Catalonia 
(Spain) in 1860 to 1870: Flows, energy balance and land use.  Ecological Economics, 58 , 
49–65.  

    Decatur County Historical Book Committee. (1983).  Decatur County, Kansas . Lubbock: Craftsman 
Printers, Inc.  

    Dujmovits, W. (1992).  Die Amerikawanderung der Burgenländer . Pinkafeld: Desch-Drechsler.  
   Finanz-Ministerium, K. K. (Ed.). (1858).  Tafeln zur Statistik des Steuerwesens im österreichischen 

Kaiserstaate mit besonderer Berücksichtigung der directen Steuern und des Grundsteuerkatasters.  
Wien.  

    Fischer-Kowalski, M. (1998). Society’s metabolism. The intellectual history of material  fl ow anal-
ysis, part I: 1860–1970.  Journal of Industrial Ecology, 2 , 61–78.  

    Fischer-Kowalski, M., & Haberl, H. (2007).  Socioecological transitions and global change: 
Trajectories of social metabolism and land use . Cheltenham/Northhampton: Edward 
Elgar.  

    Fischer-Kowalski, M., & Weisz, H. (1999). Society as a hybrid between material and symbolic 
realms. Toward a theoretical framework of society-nature interaction.  Advances in Human 
Ecology, 8 , 215–251.  

    Frissel, M. J. (Ed.). (1978).  Cycling of mineral nutrients in agricultural ecosystems . Amsterdam/
Oxford/New York: Elsevier.  

    Guzman Casado, G. I., & Gonzalez de Molina, M. (2009). Preindustrial agriculture versus organic 
agriculture: The land cost of sustainability.  Land Use Policy, 26 , 502–510.  

   Haberl, H., Winiwarter, V., Andersson, K., Ayres, R. U., Boone, C. G., Castillio, A., Cunfer, G., 
Fischer-Kowalski, M., Freudenburg, W. R., Furman, E., Kaufmann, R., Krausmann, F., 
Langthaler, E., Lotze-Campen, H., Mirtl, M., Redman, C. A., Reenberg, A., Wardell, A. D., 
Warr, B., & Zechmeister, H. (2006). From LTER to LTSER: Conceptualizing the socio-eco-
nomic dimension of long-term socio-ecological research.  Ecology and Society ,  11,  13. (Online), 
  www.ecologyandsociety.org/vol11/iss2/art13/      

    Hass, H. J., Evans, C. E., & Miles, E. F. (1957).  Nitrogen and carbon changes in Great Plains soils 
as in fl uenced by cropping and soil treatments . Washington, DC: GPO.  

    Hayami, Y., & Ruttan, V. W. (1985).  Agricultural development. An international perspective . 
Baltimore: John Hopkins University Press.  

      Herndon Union Cemetery.  Herndon Union Cemetery Records, Rawlins County, Kansas.   
    Hurt, R. D. (1987).  Indian agriculture in America: Prehistory to the present . Lawrence: University 

Press of Kansas.  
   ICPSR. (2011).  The Great Plains Population and Environment project . Inter-University Consortium 

for Political and Social Research.   www.icpsr.umich.edu/plains    . Accessed 28 June 2011.  
   Kansas GenWeb. (2009).  Homestead records .   http://skyways.lib.ks.us/genweb/decatur/Land%20

Records/ fi nley_homesteading.htm    . Accessed 16 Feb 2009.  
   Kansas State Board of Agriculture. (1885, 1895, 1905, 1915, 1920, 1925, 1930, 1935, 1940). 

 Population census manuscripts , Decatur County, Kansas.  
   Karl, T. R., Williams, C. N. Jr., Quinlan, F. T., & Boden, T. A. (1990).  United States Historical 

Climatology Network (HCN) serial temperature and precipitation data. No. 3404  (pp. 1–389). 
Oak Ridge: Carbon Dioxide Information and Analysis Center; Oak Ridge National 
Laboratory.  

    Koning, N. (1994).  The failure of agrarian capitalism: Agrarian politics in the U.K., Germany, 
Netherlands, and the U.S.A., 1846–1919 . New York: Routledge.  

    Krausmann, F. (2004). Milk, manure and muscular power. Livestock and the industrialization of 
agriculture.  Human Ecology, 32 , 735–773.  

   Krausmann, F. (2008).  Land use and socio-economic metabolism in pre-industrial agricultural 
systems: Four nineteenth-century Austrain villages in comparison  (Social Ecology Working 
Paper, 72). Vienna: IFF Social Ecology.  

    Lego, K. (1968).  Geschichte des österreichischen Grundkatasters . Wien: Bundesamt für Eich- und 
Vermessungswesen.  

http://www.ecologyandsociety.org/vol11/iss2/art13/
http://www.icpsr.umich.edu/plains
http://skyways.lib.ks.us/genweb/decatur/Land%20Records/finley_homesteading.htm
http://skyways.lib.ks.us/genweb/decatur/Land%20Records/finley_homesteading.htm


29512 Sustaining Agricultural Systems in the Old and New Worlds: A Long-Term…

    Liu, J. G., Dietz, T., Carpenter, S. R., Folke, C., Alberti, M., Redman, C. L., Schneider, S. H., 
Ostrom, E., Pell, A. N., Lubchenco, J., Taylor, W. W., Ouyang, Z. Y., Deadman, P., Kratz, T., 
& Provencher, W. (2007). Coupled human and natural systems.  Ambio, 36 , 639–649.  

    Loomis, R. S. (1978). Ecological Dimensions of Medieval Agrarian Systems. An Ecologist 
Responds.  Agricultural History, 52 , 478–484.  

    Loomis, R. S. (1984). Traditional agriculture in America.  Annual Review of Ecology and 
Systematics, 15 , 449–478.  

    Loomis, R. S., & Connor, D. J. (1992).  Crop ecology: Productivity and management in agricul-
tural systems . Cambridge: Cambridge University Press.  

    Marull, J., Pino, J., & Tello, E. (2008). The loss of landscape ef fi ciency: An ecological analysis of 
land use changes in western Mediterranean agriculture (Valles County, Catalonia, 1853–2004). 
 Global Environment, 2 , 112–150.  

      McCloskey, D. (2001). English open  fi elds as behavior toward risk. In Deirdre N. McCloskey and 
Stephen Ziliak (Eds.),  Measurement and meaning in economics: The essential Dierdre McCloskey  
(pp. 17–63). Cheltenham: E. Elgar.  

    Moritsch, A. (1972). Der Franziszeische Grundsteuerkataster Quelle für die Wirtschaftsgeschichte 
und historische Volkskunde.  East European Quarterly, 3 , 438–448.  

    Parton, W. J., Gutmann, M. P., Williams, S. A., Easter, M., & Ojima, D. (2005). Ecological impact 
of historical land-use patterns in the Great Plains: A methodological assessment.  Ecological 
Applications, 15 , 1915–1928.  

    Persson, K. G. (1999).  Grain markets in Europe, 1500–1900: Integration and deregulation . 
Cambridge: Cambridge University Press.  

    Prickler, L. (2003). Ebene im Osten: Der Seewinkel im Bezirk Neusiedl am See. In E. Bruckmüller, 
E. Hanisch, & R. Sandgruber (Eds.),  Geschichte der österreichischen Land- und Forstwirtschaft 
im 20. Jahrhundert. Regionen, Betriebe, Menschen  (pp. 741–794). Wien: Ueberreuter.  

   Projektgruppe Umweltgeschichte. (1997).  Historische und ökologische Prozesse in einer 
Kulturlandschaft . Studie im Auftrag des BMWVK, Endbericht. Wien.  

   Projektgruppe Umweltgeschichte. (1999).  Kulturlandschaftsforschung: Historische Entwicklung 
von Wechselwirkungen zwischen Gesellschaft und Natur.  Wien: CD-ROM, Bundesministerium 
für Wissenschaft und Verkehr.  

    Sandgruber, R. (1978). Die Agrarrevolution in Österreich. Ertragssteigerung und Kommerzialisierung 
der landwirtschaftlichen Produktion im 18. und 19. Jahrhundert. In A. Hoffmann (Ed.), 
 Österreich-Ungarn als Agrarstaat. Wirtschaftliches Wachstum und Agrarverhältnisse in 
Österreich im 19. Jahrhundert  (pp. 195–271). Wien: Verlag für Geschichte und Politik.  

    Sandgruber, R. (1979). Der Franziszeische Kataster und die dazugehörigen Steuerschätzungsoperate 
als wirtschafts- und sozialhistorische Quellen.  Mitteilungen aus dem niederösterreichischen 
Landesarchiv, 3 , 16–28.  

   Schaschl, E. (2007).  Rekonstruktion der Arbeitszeit in der Landwirtschaft im 19. Jahrhundert am 
Beispiel von Theyern in Niederösterreich  (Social Ecology Working Paper, 96, pp. 1–174). 
Vienna: IFF Soziale Ökologie.  

    Schüle, H. (1989).  Raum-zeitliche Modelle – ein neuer methodischer Ansatz in der Agrargeschichte. 
Das Beispiel der bernischen Viehwirtschaft als Träger und Indikator der Agrarmodernisierung 
1790 – 1915 . Bern: Lizensiatsarbeit, historisches Institut der Universität Bern.  

    Shiel, R. (2006a). An introduction to soil nutrient  fl ows. In J. R. McNeill & V. Winiwarter (Eds.), 
 Soils and societies: Perspectives from environmental history  (pp. 7–12). Isle of Harris: White 
Horse Press.  

    Shiel, R. (2006b). Nutrient  fl ows in pre-modern agriculture in Europe. In J. R. McNeill & V. 
Winiwarter (Eds.),  Soils and societies: Perspectives from environmental history  (pp. 216–242). 
Isle of Harris: White Horse Press.  

    Sieferle, R. P., Krausmann, F., Schandl, H., & Winiwarter, V. (2006).  Das Ende der Fläche. Zum 
gesellschaftlichen Stoffwechsel der Industrialisierung . Köln: Böhlau.  

    Sonnlechner, C. (2001). Umweltgeschichte und Siedlungsgeschichte.  Das Waldviertel. Zeitschrift 
für Heimat- und Regionalkunde des Waldviertels und der Wachau, 50 , 361–382.  



296 G. Cunfer and F. Krausmann

    Standard Atlas of Decatur County, Kansas . (1905). Chicago: George A. Ogle & Co.  
   Stevenson, F. J. (Ed.). (1982).  Nitrogen in agricultural soils  (Agronomy Series No. 22). Madison: 

American Society of Agronomy, Crop Science Society of American, and Soil Science Society 
of America.  

    Sylvester, K. M., Leonard, S. H., Gutmann, M. P., & Cunfer, G. (2006). Demography and environ-
ment in grassland settlement: Using linked longitudinal and cross-sectional data to explore 
household and agricultural systems.  History and Computing, 14 , 31–60.  

   U.S. Population Census. (1880, 1900, 1910, 1920, 1930).  U.S. Population Census manuscript 
schedules, Decatur County, Kansas .  

    Van Zanden, J. L. (1991). The  fi rst green revolution: The growth of production and productivity in 
European agriculture, 1870–1914.  The Economic History Review, 44 , 215–239.  

    Wedel, W. R. (1978). The prehistoric plains. In J. D. Jennings (Ed.),  Ancient Native Americans . 
San Francisco: W.H. Freeman and Company.  

    Williamson, J. G. (2006).  Globalization and the poor periphery before 1950 . Cambridge: MIT 
Press.  

    Winiwarter, V., & Sonnlechner, C. (2001).  Der soziale Metabolismus der vorindustriellen 
Landwirtschaft in Europa . Stuttgart: Breuninger Stiftung.  

    Worster, D. (1990). Transformations of the earth: Toward an agroecological perspective in history. 
 The Journal of American History, 76 , 1087–1106.     



297S.J. Singh et al. (eds.), Long Term Socio-Ecological Research, 
Human-Environment Interactions 2, DOI 10.1007/978-94-007-1177-8_13, 
© Springer Science+Business Media Dordrecht 2013

  Abstract   This contribution presents empirical results on changes in socio-ecological 
metabolism and land use in agriculture in two regions in and around the Upper 
Austrian Eisenwurzen LTSER Platform from the late nineteenth century to the turn of 
the twenty- fi rst century. Based on local and regional statistical records, changes in the 
agricultural production systems are traced and it is shown how industrialisation 
(marked e.g. by a strong increase in use of machinery and output of yields) shaped two 
very distinct patterns of change in two biogeographically different regions. While 
this investigation contributes to two major themes of LTSER, i.e. socio-ecological 
metabolism and land use, the systemic and quantitative perspective does not per se 
address LTSER’s third major theme, governance and decision making. We suggest that 
concepts from environmental history have the potential to  fi ll this gap. Using the 
concept of socio-natural sites, we explore how the systems perspective can bene fi t 
from an actors’ perspective along three examples which could merit empirical research.  

  Keywords   Socio-ecological Metabolism  •  Land use change  •  Agriculture  • 
 Industrialisation  •  Socio-natural arrangements  •  Eisenwurzen region  •  Local 
case study      

    S.   Gingrich ,  Ph.D.   (*) •     M.   Schmid ,  Ph.D.  •  F.   Krausmann ,  Ph.D.     
     Institute of Social Ecology Vienna (SEC) ,  Alpen-Adria Universitaet Klagenfurt, 
Wien, Graz ,   Schottenfeldgasse 29/5, Vienna 1070 ,  Austria    
e-mail:  simone.gingrich@aau.at  ;   fridolin.krausmann@aau.at ;  martin.schmid@aau.at  

       M.   Gradwohl ,  M.Sc.  
     Centre for the Study of Agriculture, Food and Environment ,  University of Otago , 
  Dunedin ,  New Zealand    
e-mail:  grama999@student.otago.ac.nz   

    Chapter 13   
 How Material and Energy Flows Change 
Socio-natural Arrangements: 
The Transformation of Agriculture 
in the Eisenwurzen Region, 1860–2000       

      Simone   Gingrich,       Martin   Schmid,       Markus   Gradwohl,    
and    Fridolin   Krausmann        



298 S. Gingrich et al.

    13.1   Introduction 

 Long-term socio-ecological research (LTSER) aims at an integrated understanding 
of temporal patterns in society-nature interaction with the goal of providing environ-
mental policy with relevant information to foster sustainable regional development. 
It requires interdisciplinary cooperation between scholars from the natural sciences 
and social sciences (Redman et al.  2004  ) , as well as the humanities (Haberl et al.  2006  ) . 
Three major themes in LTSER include (1) socio-ecological metabolism, (2) land 
use and landscapes, and (3) governance and decision making (Haberl et al.  2006  ) . 
This chapter empirically addresses two of these three themes, i.e. socio-ecological 
metabolism and land use and landscapes, namely in two case study regions situated 
in and around Austria’s Eisenwurzen LTSER Platform. We trace changes in agricul-
tural systems from the late nineteenth to the turn of the twenty- fi rst century, using 
statistical publications on land use, agricultural production, livestock and other 
agricultural structural parameters, and conducting energy  fl ow analyses for selected 
years. Such an analysis provides useful information on the biophysical functioning 
of agricultural systems and its change over time. In order to generate results which 
contribute to LTSER’s third theme, governance and decision making, we complement 
this perspective by considerations at smaller scales. We address the role of actors, 
their agency, perception and motives in making changes to the land in their care. 
While we do not present empirical results in this respect, we aim to establish the 
conceptual basis for further research, combining a birds-eye or systems perspective 
with a close-up view on human actors. 

 Recently, some research has been carried out concerned with the role of actors in 
the current functioning of socio-ecological systems. Many of these studies involve 
local stakeholders in participatory processes (e.g. Singh et al.  2010a  ) , others apply 
participatory modelling to understand interrelations between different actors and 
the local or regional ecosystems (Gaube et al.  2009 ; Gaube and Haberl, Chap.   3     in 
this volume). Rural historians try to bridge the gap between systemic and actors-
centred approaches by using concepts such as ‘farming styles’ from rural sociology 
(e.g. Langthaler  2006  ) . To our knowledge, little effort has been made so far to inte-
grate an actor’s perspective into LTSER (Peterseil et al., Chap.   19     in this volume). 
We suggest that environmental history provides fruitful potential in this endeavour. 

 For this purpose, we adopt the concept of socio-natural sites which has recently 
been developed in environmental history (Winiwarter and Schmid  2008 ; Schmid 
 2009 ; Winiwarter et al., Chap.   5     in this volume). In short, this concept offers a con-
ceptual basis to understand and to explain social, cultural and ecological changes 
over long periods of time in speci fi c places. It focuses on ‘practices’ (what humans 
did and how) and ‘arrangements’, the material requirements (e.g. machines) and 
outcomes (e.g. buildings) of human practices. Both practices and arrangements are 
seen as socio-natural hybrids; they are social and natural at the same time. Thus in 
line with LTSER, the concept points to the fact that phenomena we usually regard 
as ‘natural’ are also a result of societal decisions and human labour – one could 
think of agricultural crops which are both the result of biological evolution and the 
product of breeding or genetic engineering – and what we conventionally regard as 

http://dx.doi.org/10.1007/978-94-007-1177-8_3
http://dx.doi.org/10.1007/978-94-007-1177-8_19
http://dx.doi.org/10.1007/978-94-007-1177-8_5
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purely ‘social’ is also shaped by natural processes – patterns of time use on a farm 
linked to seasons may serve as an example. A socio-natural site is de fi ned as the 
nexus of arrangements with practices; if one changes, the other will change too and 
the site transforms (for a more detailed introduction to the concept see Winiwarter 
et al., Chap.   5     in this volume). 

 Because the concept of socio-natural sites focuses on arrangements and practices 
and with the latter on an important and widespread term in the complex landscape 
of contemporary social and cultural theories (Reckwitz  2002  ) , it can be linked rather 
easily to a variety of branches of research beyond the natural sciences. Generally, 
LTSER should experiment with different theoretical frameworks to foster its 
interdisciplinary integration and to bridge the great divide between natural sciences, 
social sciences and humanities. This chapter is one such experiment; we will recon-
struct  fl ows of material and energy through agricultural systems in the nineteenth 
and twentieth centuries and ask how the fundamental transformation we observed 
in the agro-ecological systems may have affected the socio-natural sites involved. 

 The chapter is structured as follows: after an introduction to the case study 
regions and the used data and methods, we present the empirical  fi ndings in three 
time slots, showing the state of the agricultural systems in biophysical terms at 
speci fi c points in time. In the conclusions we return to the concept of socio-natural 
sites and re-interpret our empirical results within that framework. While our empiri-
cal results allow us to grasp historical changes in agricultural arrangements, a 
speci fi c focus on actors and their changing forms of agriculture (practices) requires 
further interdisciplinary empirical work, including history and anthropology among 
other disciplines.  

    13.2   Case Study Regions 

 This study presents two key features of LTSER on agricultural systems, data on the 
socio-ecological metabolism and land use change for two regions in (and bordering, 
respectively) the Austrian Eisenwurzen LTSER Platform (see Peterseil et al., Chap.   19     
in this volume): Sankt Florian and Grünburg (Fig.  13.1 ). The focus of analysis is 
the biophysical functioning of the regional agricultural system and its change over 
time. 1  The regions were chosen on the grounds of exceptional data availability for 
the late nineteenth century (Lorenz  1866 , see below). They are situated only 30 km 
from each other and represent two different Central European cultural landscapes. 
Each region encompasses 6,000 ha or ten villages.  

   1   The empirical results presented in this contribution are based largely on two academic theses 
concerned with (1) the biophysical functioning of pre-industrial agricultural systems in the two 
regions (Gradwohl  2004  ) , based on a particularly detailed source of the late nineteenth century 
(Lorenz  1866  ) , and (2) the temporal patterns of change in these regions during industrialisation, 
i.e. from the late nineteenth century until the turn of the twenty- fi rst century (Gingrich  2004  ) , 
based on various statistical publications.  

http://dx.doi.org/10.1007/978-94-007-1177-8_5
http://dx.doi.org/10.1007/978-94-007-1177-8_19
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 Sankt Florian is located in the fertile lowland of central Upper Austria, in the 
geographical region known as Alpenvorland (alpine foreland). Soils and climate are 
favourable for crop agriculture and hills covered with  fi elds are characteristic for 
this region. Sankt Florian has traditionally served as an urban hinterland, providing 
the nearby cities of Linz and Wels with agricultural products, and, since the opening 
of the Westbahn railway in 1860, even larger urban centres further away, such as 
Salzburg and Vienna. In recent times Sankt Florian has been strongly affected by 
suburbanisation (see also Sandgruber  2003  ) . 

 Grünburg, in contrast, is more remote and rather inhomogeneous in terms of 
topography and soils, as it cuts across the border of two topographical regions. In 
this heterogeneity, it is representative of the pre-alpine landscape (Voralpen). Its 
northern part extends to the Traun-Enns-Platte similar to Sankt Florian, but the 
southern part, separated by a thin belt of sandstone hills, reaches into the 
Limestone Alps and includes peaks up to 900 m a.s.l.. Livestock farming and 
grassland cultures have dominated agriculture here for centuries. Grünburg’s 
knife manufacturing works were involved in the Eisenwurzen region’s iron 
industry (Schuh and Sieghartsleitner  1997 ; Landeskulturdirektion Oberösterreich 
 1998  ) , and since the  fi nal collapse of this sector in the late nineteenth century, 

  Fig. 13.1    Geographic position of the two case study regions       
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Grünburg has suffered from marginalisation. Recently the region has become 
more and more engaged in tourism, fostered by the nearby Kalkalpen (Limestone 
Alps) National Park.  

    13.3   The Empirical Basis: Data and Methods 

 The data used are mainly quantitative and come from different statistical publica-
tions from the late nineteenth century onwards. The earliest source is a very detailed 
account of statistics describing agricultural production in Sankt Florian and 
Grünburg in 1864 (Lorenz  1866  ) . Lorenz, who was interested in the development 
of a statistical monitoring framework for agriculture, has chosen these regions 
(around 6,000 ha each) as model areas for landscapes in the province of Upper 
Austria. The boundaries of the regions Lorenz studied are not identical with admin-
istrative borders, neither in his nor in later times. Statistical data for the period after 
1864 are available only for administrative units. For Sankt Florian we chose three 
municipalities (overall area: 8,400 ha), and in Grünburg four municipalities 
(11,500 ha) to represent the region. Both areas contain landscape types and topog-
raphy in roughly the same proportions as the regions represented in Lorenz’ study 
of the 1860s. However, due to these distortions in the reference systems, we com-
pare only relative numbers throughout the time series, generally dividing total 
numbers by total area or agricultural area (arable land plus grassland). 

 Data were compiled for land use and other agricultural structure parameters, such 
as population and agricultural work force, livestock, farm size, agricultural produc-
tion and agricultural machinery. Table  13.1  presents the statistical sources used.  

 Energy  fl ow analysis provides a tool to understand the dimensions of biophysical 
exchange between a socioeconomic system (the agricultural production system), its 
natural environment and other social systems. We quanti fi ed energy  fl ows (Haberl 
 2001 ; Schandl et al.  2002  )  at three points in time: 1864, 1950 and 2000. The frame-
work has been used for historical analyses in agricultural production systems (Cusso 
et al.  2006 ; Winiwarter and Sonnlechner  2000 ; Krausmann  2004 ; Sieferle et al. 
 2006  ) . It allows for an integrated analysis of the biophysical exchange processes 
between the agro-ecosystem of a region and the agriculturally active social system, 
de fi ned in our case as the regional ‘agricultural production system’ (see Fig.  13.2 ). 
The ‘agricultural production system’ comprises all persons involved in agriculture, 
as well as agricultural machinery and livestock. The ‘domestic environment’ refers 
to the territory used for agriculture. Other socioeconomic systems include house-
holds and non-agricultural sectors in the region, as well as all socioeconomic systems 
outside of the region (cf. Singh et al.  2010b  ) .  

 Fundamentally, the assessment of energy  fl ows relies on empirical data from 
statistical publications as described above: We converted mass values reported in 
statistics into energy units using conversion factors provided by Haberl  (  1995  ) . 
Some  fl ows not reported in statistics were estimated based on model assump-
tions. In Domestic Extraction (DE) we comprise biomass harvest and grazing. 
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For grazing, we assumed that in 1864, all agricultural land except cropland was used 
for grazing (Krausmann  2004  ) . In the twentieth century, only areas designated as 
pastures were considered as actual grazing areas. We applied typical productivities 
to grazing areas (Krausmann  2008  ) . 

   Table 13.1    Data sources   

 Data  Year(s) of reference  Data source 

 Population, 
agricultural 
population 

 1864  Lorenz  (  1866  )  
 1934  Bundesamt für Statistik  (  1935  )  
 1951  Österreichisches statistisches Zentralamt  (  1952b  )  
 1949–2000  ISIS-Database a  

 Land use  1864  Lorenz  (  1866  )  
 1878  Foltz  (  1878  )  
 1900  K.k.statistische Zentralkomission  (  1903  )  
 1949–2000  ISIS-Database 

 Plant production  1864  Lorenz  (  1866  )  
 1949–2000  ISIS-Database (3-year averages) 

 Livestock, slaughter 
rate, animal 
production 

 1864  Lorenz  (  1866  )  
 1950  Österreichisches statistisches Zentralamt  (  1950  )  
 1951  Österreichisches statistisches Zentralamt  (  1952a  )  
 1960–2000  ISIS-Database 

 Farm numbers, 
farm size 

 1878  Foltz  (  1878  )  
 2000  ISIS-Database 

 Agricultural 
machinery 

 1953  Österreichisches statistisches Zentralamt  (  1954  )  
 1960–2000  ISIS-Database 

   a ISIS-database provided by Statistik Austria (  www.statistikaustria.at    )  

  Fig. 13.2    Conceptual scheme of the applied system boundaries and the energy  fl ows calculated in 
this study       
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 Imports were calculated as the difference between DE and domestic demand for 
different fractions of biomass. For the twentieth century, we assessed increasing 
 market integration of agricultural production on the basis of expert interviews 
(K. Grammer, Interview with the mayor of Grünburg, Grünburg, personal communi-
cation, April 14, 2004; G. Seiser, Interview with a social anthropologist specialist on 
Upper Austrian agriculture, personal communication, August 4, 2004; K. Zarzer, 
Interview with a specialist on grasslands and fodder cropping, Linz: Upper Austrian 
Chamber of Agriculture, Linz, personal communication, April 14, 2004). Feed 
demand was calculated using demand factors based on livestock numbers and live 
weight (Löhr  1952 ; Hohenecker  1980  ) . Feed imports were assumed to have increased 
from the difference between demand and supply in 1864 and 1950 to one-third of feed 
demand in 2000 (K. Grammer, Interview with the mayor of Grünburg ,  Grünburg, 
personal communication, April 14, 2004; G. Seiser, Interview with a social anthro-
pologist specialist on Upper Austrian agriculture, personal communication, August 4, 
2004; K. Zarzer, Interview with a specialist on grasslands and fodder cropping, Linz: 
Upper Austrian Chamber of Agriculture, Linz, personal communication, April 14, 
2004). Litter demand was accounted for according to litter demand factors from litera-
ture (Beer et al.  1990 ; Dissemond and Zauchinger  1994  ) . Food imports were calcu-
lated from the number of agricultural work force, work hours and percentage of food 
provided within the agricultural production system (Darge  2002  ) . We assumed 20% 
of seed demand to be imported in 1950 (K. Grammer, Interview with the mayor of 
Grünburg, Grünburg, personal communication, April 14, 2004; G. Seiser, Interview 
with a social anthropologist specialist on Upper Austrian agriculture, personal com-
munication, August 4, 2004; K. Zarzer, Interview with a specialist on grasslands and 
fodder cropping, Linz: Upper Austrian Chamber of Agriculture, Linz, personal com-
munication, April 14, 2004), while in 2000 all seed demand was categorised as 
imports. All fossil fuel use in tractors was considered as import and was calculated on 
the basis of energy use per hour of operation (Darge  2002 ; Leach  1976  ) . All agricul-
tural products which are not used as food, feed, litter, or seed within the agricultural 
production system were considered as exports. 2  

 In outputs to the domestic environment, we considered useful energy, seed and 
manure. In the calculation of muscular power we relied on the number of individu-
als, average “working hours” and average power (Darge  2002 ; Smil  2001 ; Löhr 
 1952  ) . The useful energy delivered by tractors was estimated by multiplying the 
demand for fossil fuels by an average ef fi ciency factor of 30%. Output of seed was 
calculated as a fraction of the vegetal produce from agricultural output (Löhr  1983  ) . 
We assumed that all manure was dissipated to agricultural areas. Manure production 
was calculated as percentage of live weight (Vetter and Steffens  1986  )  and con-
verted to gross calori fi c energy values using factors by Darge  (  2002  ) . Mineral ferti-
liser was not considered, since it does not represent a direct energy  fl ow.  

   2   The calculation of exports excludes losses during storage, as we assume that most of these would 
occur outside the agricultural production system during further processing and transport. Similarly 
losses of agricultural products between harvest and local consumption (e.g. during storage on 
farm) were not considered in the calculation of imports, assuming the products most imported 
were not signi fi cantly affected.  



304 S. Gingrich et al.

    13.4   Empirical Results: Biophysical Changes 
of the Agricultural System 

 Let us now turn to the empirical results of our analysis. Since the aim of this 
article is to complement such a biophysical (or systems) perspective with a 
humanities (or actors) perspective, we will roughly organise our results along key 
terms of the concept of socio-natural sites. We select 3 years of reference (1864, 
c. 1950 and c. 2000) and discuss for each time slot those arrangements and practices 
about which we can infer from our empirical data. Compilations of the presented 
data are given in Tables  13.2  and  13.3 .   

   Table 13.2    Structural parameters characterising the case studies: Number of population, farms, 
and livestock; land availability and use; average yields and productivity   

 Parameter  [unit] 
 Sankt Florian 
1864  1950  2000 

 Grünburg 
1864  1950  2000 

 Population  [cap]  4,718  14,692  26,344  5,214  8,865  9,677 
 Population density  [cap/km 2 ]  78  175  313  85  77  84 
 Agricultural labour 

force 
 [%]  67  12  3  53  26  13 

 average farm size  [ha 
agr

 /farm]  3  n.a.  12  4  n.a.  10 

 Land use 
 Total area  [ha]  6,014  8,410  8,410  6,139  11,521  11,510 
 Arable land  [%]  60  53  61  33  26  23 
 Gardens; permanent 

cultures 
 [%]  2  1  1  1  0  1 

 Grassland  [%]  16  24  4  36  41  32 
 Forests  [%]  15  17  14  27  20  23 
 Other areas  [%]  7  5  20  3  13  21 

 Livestock 
 Livestock density  [LSU/ha 

agr
 ] a   62  106  104  46  122  242 

 Horses  [%]  23%  0%  0%  5%  1%  0% 
 Cattle  [%]  61%  43%  3%  83%  70%  53% 
 Pigs  [%]  12%  32%  14%  8%  26%  45% 
 Poultry  [%]  1%  24%  83%  0%  2%  0% 
 Others  [%]  3%  0%  0%  3%  0%  1% 
 Tractors  [tractors/km 2 ]  –  2.7  6.2  –  0.4  7.2 

 Productivity 
 Grain yield 

(3 year average) 
 [t 

FW
 /ha]  1.6  1.7  6.5  1.1  1.3  5.5 

 Animal production  [t 
FW

 /ha 
agr

 ]  1.1  0.7  0.6  0.8  0.8  2.2 

  Source: Authors’ own calculations, see text 
  a Livestock Units (LSU), corresponding to 500 kg live weight  
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    13.4.1   Labour Intensive Practices in Fairly Closed Energy 
Cycles: The Late Nineteenth Century 

 In 1864, farmers in Sankt Florian and Grünburg practiced a relatively intensive form 
of agriculture, still limited largely by the restrictions of a solar energy-based or 
agrarian mode of production (Krausmann et al.  2008 ; see also Cunfer and Krausmann, 
Chap.   12     in this volume). Compared to the Austrian average at that time (42 cap/
km 2 ), population density was relatively high in both regions with 78 cap/km 2  in 
Sankt Florian and even 85 cap/km 2  in the then still iron processing region of 
Grünburg, where just over half of the population worked in agriculture (in Sankt 
Florian this share was at around two-thirds). Agriculture was organised on a small 
scale and based mainly on the resources available on the land: Both regions were 
home to around 1,200 farms with an average agricultural area per farm of around 
5 ha. Signs of agricultural industrialisation were  fi rst visible in Sankt Florian in the 
late nineteenth century (Sandgruber  2003 ; Hoffmann  1974  ) : Steam-driven thresh-
ing machines and steam ploughs supported farmers in their work (Lorenz  1866  ) . 
But machines had by no means already replaced muscle power. Horses still served 
as the most important draught animals in Sankt Florian. In Grünburg, on the other 
hand, draught power was provided mainly by oxen, which were better suited to the 
hilly terrain. 

 Land use in both regions was relatively similar, since both Sankt Florian and 
Grünburg were characterised by mixed farming, but with a different distribution of 
land use types (Fig.  13.3a , b). In Sankt Florian, 60% of the total area was used as crop-
land. Grassland and forests each made up only about 15% of the total. In Grünburg, 
the area was divided almost equally between arable land (33%), grassland (33%) and 

   Table 13.3    Biomass  fl ows in the agricultural sector of the studied land use systems: Domestic 
extraction (DE), Imports (Im), Direct Input (DI), Exports (Ex) and Domestic Consumption (DC) 
of biomass; per capita (GJ/cap) and per agricultural area (GJ/ha 

agr
 )   

 Parameter  [unit] 
 Sankt 
Florian 1864  1950  1999 

 Grünburg 
1864  1950  1999 

 Domestic extraction  [GJ/cap]  73  28  34  38  49  71 
 Imports  [GJ/cap]  1  7  8  2  10  53 
 Direct input  [GJ/cap]  74  35  42  40  60  124 
 Exports  [GJ/cap]  5  8  26  1  6  19 
 Domestic consumption  [GJ/cap]  70  27  16  39  54  105 
 Domestic extraction  [GJ/ha 

agr
 ]  74  65  150  47  58  105 

 Imports  [GJ/ha 
agr

 ]  1  15  35  2  12  77 
 Direct input  [GJ/ha 

agr
 ]  75  80  185  49  70  182 

 Exports  [GJ/ha 
agr

 ]  5  18  109  1  7  28 
 Domestic consumption  [GJ/ha 

agr
 ]  70  62  76  48  63  154 

 Imports  [% of DE]  1  24  23  5  21  74 
 Exports  [% of DE]  6  28  73  3  11  27 

  Source: Authors’ own calculations, see text  
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forests (26%). The composition of livestock in the two regions also shows consider-
able differences, although in both regions draught animals represented an important 
share of the livestock. In Sankt Florian, cattle and pigs were raised in similar num-
bers (0.55 cattle/ha 

agr
  and 0.61 pigs/ha 

agr
 ). In Grünburg, more cattle (0.61 cattle/

ha 
agr

 ) and less pigs (0.30 pigs/ha 
agr

 ) were kept. The higher number of cattle corre-
lates with the higher share of grassland.  

 Looking at the energy  fl ows of the two regional agricultural production systems, 
we  fi nd that both regions operated in fairly closed cycles. Local plant production fed 
much of the agricultural population and livestock, and outputs to nature in terms of 
useful work, manure and seed were relatively small (2 GJ/ha 

agr
 /year in both regions). 

But we also  fi nd considerable differences: Domestic Extraction (DE) of biomass per 
unit of agricultural area in Sankt Florian was about 50% higher than in Grünburg 
(74 GJ/ha 

agr
 /year and 47 GJ/ha 

agr
 /year, respectively), while the share of DE used as 

feed was much higher in Grünburg (87%, compared to 69% in Sankt Florian). Thus 
in Sankt Florian a considerably higher amount of biomass (mainly cereals) was 
available as output to other socioeconomic systems (23 GJ/ha 

agr
 /year in Sankt 

Florian versus 6 GJ/ha 
agr

 /year in Grünburg). 
 Despite similar population density and similar farm size, agriculture in Sankt 

Florian was much more productive in terms of surplus production available to the 
non-agricultural population in the late nineteenth century. The differences can be 
related to both more intensive land use (more agricultural workers, more machinery 
in use), but also to the different basic biogeographical conditions of the two regions.  

    13.4.2   A Time of Crisis: Disruptions After World War II 

 Around 1950, agricultural production had been clearly affected by war. The share of 
cropland had decreased considerably in both regions, supposedly a direct effect of 
the war when general manpower was lacking. Since 1864, population density in 
Sankt Florian had risen rapidly due to suburbanisation processes of the growing 
industrial city of Linz. In Grünburg in contrast, population density had decreased 
with the decline of iron industries since the late nineteenth century (Kropf  1997 ; 
Sandgruber  1997  ) . Hence, individual farm size had increased while their total number 
had decreased in both regions. Mechanisation of agriculture was clearly underway 
by World War II, though to different extents: In 1953, while Sankt Florian’s tractor 
density was 2.7 tractors/km 2 , Grünburg showed a far lesser degree of agricultural 
mechanisation (0.4 tractors/km 2 ). 

 The biophysical organisation of the two agricultural production systems had not 
changed signi fi cantly until immediately after World War II. In both regions, cereal 
yields went up slightly between 1864 and 1950: from 1.6 to 1.7 t/ha/year in Sankt 
Florian and from 1.1 to 1.3 t/ha/year in Grünburg. In Sankt Florian, overall area 
productivity dropped to 65 GJ/ha

agr
/year, most likely as a result of lacking infra-

structure and work force, resulting in the above-mentioned reduction of arable 
land due to war. In Grünburg, area productivity rose to 58 GJ/ha

agr
/year. In 1950 
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Grünburg’s livestock, which had grown in numbers, could not be fed suf fi ciently by 
local production, but (in theory) relied on imports; more likely, these animals expe-
rienced temporary malnourishment. In both regions, the supply of livestock with 
feed and litter made up for almost 90% of biomass import. Possibly, the assumption 
that feed and litter consumption equalled demand in the post-war years implies an 
overestimation of feed and litter imports. As in 1864, more output to other socioeco-
nomic systems was available in Sankt Florian (18 GJ/ha 

agr
 /year) than in Grünburg 

(7 GJ/ha 
agr

 /year). However, outputs in Sankt Florian were lower after World War II 
than they had been in the late nineteenth century.  

    13.4.3   Specialisation and Disintegration: Two Paths of the 
Fundamental Transformation After World War II 

 Between 1950 and 2000, Austrian agriculture underwent a very rapid industrialisa-
tion process (Bruckmüller et al.  2002,   2004  ) , which is also visible in Sankt Florian 
and Grünburg, albeit in very different ways. In Sankt Florian, population density 
almost doubled during this period as a result of suburbanisation. Only 3% of all 
inhabitants still worked in agriculture in 2000. In Grünburg, where population had 
remained stable, 13% of the population were classi fi ed as agricultural in 2000, a rela-
tively high value compared to the average of 8% in the province of Upper Austria. 
The average farm size had grown to 12 ha in Sankt Florian and 10 ha in Grünburg. 

 The agro-ecosystems looked fundamentally different around 2000: While the 
share of arable land stayed constant in Sankt Florian at around 60%, grasslands 
decreased signi fi cantly. In Grünburg arable land declined continuously, but grass-
lands stayed constant. In both regions, ‘other areas’ went up signi fi cantly in the late 
twentieth century (Fig.  13.3a , b). In Sankt Florian, the high increase in population 
and also in buildings hints at growing settlement areas. In Grünburg on the other 
hand, the cadastral data indicate that most ‘other areas’ are likely to be forests 
managed by non-residents, which are not distinguished in communal land use 
statistics. Since 1950, average cereal yields more than tripled to 6.5 t/ha/year in 
Sankt Florian and 5.5 t/ha/year in Grünburg. The decrease in relative difference of 
cereal yields since the nineteenth century indicates that in Grünburg, lower-yielding 
plots of cropland were taken out of use. With the introduction of industrial feed, 
industrial fertiliser and tractors to replace draught animals, the livestock composi-
tion in the two regions changed dramatically from the 1950s. In Sankt Florian, cattle 
stocks decreased to only 15% of the late nineteenth century density, while pig 
numbers more than doubled and chicken stocks reached extremely high densities. 
Nevertheless, the overall livestock density stayed at a similar level. By contrast, in 
Grünburg, the overall density of livestock tripled from 1864 to 2000. Cattle stocks 
doubled between 1864 and 2000, and pig stocks even increased tenfold. Most of this 
increase took place only in the second half of the twentieth century. Tractor densities 
more than doubled from the mid-twentieth century and in 1999 they reached 6.2 
tractors/km 2  in St. Florian and even 7.2 tractors/km 2  in Grünburg. 
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 The energy  fl ows through the agricultural production systems in Sankt Florian 
and Grünburg had changed dramatically by the year 2000. Both systems now relied 
on high inputs from other socioeconomic systems (including fossil fuels for tractors), 
and produced much more surplus than in all earlier years. Additionally, output and 
domestic production of plant biomass had reached high levels in both regions. Aside 
from these general developments we can distinguish two very different strategies 
for using the land: In Sankt Florian, area productivity had risen to an extremely high 
level with 150 GJ/ha 

agr
 /year, due to the abandoning of less extensive land uses in 

  Fig. 13.3    ( a ) Land use in Sankt Florian, 1864–2000; ( b ) Land use in Grünburg, 1864–2000 
(Source: Authors’ own calculations, see text). “Additional forest area” in Grünburg region was 
modelled based on the differences between cadastral forest records available only in 1995 and the 
statistical data used in all other points in time       
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favour of intensive crops (cereals, maize and sugar beet). In Grünburg on the other 
hand, area productivity was about one-third lower (105 GJ/ha 

agr
 /year), due to the 

higher signi fi cance of grassland production. In Grünburg, livestock density had 
reached a level that could no longer be fed by the local area and depended highly on 
feed imports. In 2000, feed plus litter imports still accounted for about 75% of 
Grünburg’s imports. Because of the high imports for livestock husbandry, imports 
were higher in Grünburg (77 GJ/ha 

agr
 /year) than in Sankt Florian (35 GJ/ha 

agr
 /year). 

However, as livestock “transforms” energy from feed to animal products with rela-
tively low conversion rates, cattle production being the least ef fi cient, the energetic 
value of animal production in Grünburg was low as compared to feed and litter 
demand. In Sankt Florian, where animal production was dominated by pork and 
chicken production, the feed/animal production ratio was slightly higher. Output to 
other socioeconomic systems and total agricultural production was much higher in 
Sankt Florian.   

    13.5   Conclusion and Outlook 

 At the turn of the twenty- fi rst century, we observe two very different agricultural 
systems: Sankt Florian has become a suburban area and agriculture is specialised on 
high-yielding crops, as well as chicken and pig farming. Grünburg on the other hand 
has been marginalised and now practices less intensive farming based largely on 
cattle breeding, and some pig and maize farming (for data compilations see 
Tables  13.2  and  13.3 ). The disintegration of land use systems thus happened on a 
very small regional scale: only 30 km apart, the two regions appear fundamentally 
different today. Additionally, the data presented in this study also show that this 
transformation did not happen continuously from the nineteenth century onwards. 
Most of these changes occurred only from the mid-twentieth century. The study 
thus complements national level analyses for Austria (Krausmann et al.  2003 ; 
Haberl and Krausmann  2007  )  on a local scale, i.e. on the level of municipalities. 

 While industrialisation led to very distinct changes in agricultural production in the 
two regions, on a more abstract level, there are some important similarities: mechani-
sation and intensi fi cation can be observed in both regions. Agriculture in both Sankt 
Florian and Grünburg today relies on large exchange  fl ows with external partners, 
providing mainly feed and fuels, and consuming the high surplus production. 

 The concept of socio-natural sites focuses on the nexus between human practices 
and arrangements; the latter are seen as the biophysical and material precipitates 
and prerequisites of practices (cp. Winiwarter et al, Chap.   5     in this volume). This 
study’s empirical results allow changes in the arrangements in both sites between 
1864, 1950 and in particular after WW II until 2000 to be reconstructed. These 
changes in arrangements include the partly dramatic transformation of the land-
scapes as such, with e.g. increasing forests in Grünburg and the spread of built-up 
areas in Sankt Florian (Fig.  13.3a , b), they include changes in livestock and its com-
position (Table  13.2 ) and, among other features, the overall increase of agricultural 
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machinery. These changing arrangements also hint at changes in human practices. 
To illustrate that general idea with only one example: the yoke and other equipment 
required to harness oxen as draught animal may still be found in a local museum, 
but these have become quaint relicts, detached from the once embodied tacit 
knowledge of their users, isolated from the practices, from the other things and 
creatures once involved in their usage. Nevertheless, such objects refer to a speci fi c 
past state of the socio-natural site in which agriculture had to operate in fairly 
closed cycles and resulted in appropriate diversi fi ed landscapes – just as much as 
today’s tractor stands for agriculture’s dependency on energy inputs from other 
places around the world. 

 The second point we wish to stress here concerns LTSER as research across 
spatial scales. Systemic approaches such as the study of social metabolism inevita-
bly have to de fi ne the exact boundaries of their systems due to methodological rea-
sons (Singh et al.  2010b  ) . But to explain the transformation of these systems, the 
changing biophysical and communicative relationships to other sites have to be 
taken into account. These other sites may be close or very far away. Sankt Florian’s 
path in particular after WW II is obviously affected by the process of suburbanisa-
tion in the sprawl of urban agglomerations like Linz. Over centuries, Grünburg’s 
socio-ecological development cannot be explained without reference to economic 
cycles of the region’s iron industries. Increasingly fossil fuel dependent arrange-
ments in both sites after WW II make the agricultural systems’ productivity more 
and more dependent on the performance of distant sites, even sites on other conti-
nents. The specialisation in agriculture after 1950 we observe in both places required 
constant  fl ows of material, energy and people (if we think of work migration) from 
and to other places. A concept such as that of socio-natural sites is more  fl exible in 
de fi ning spatial borders according to the questions and phenomena under consider-
ation, because its application does not  fi rst and foremost depend on statistical data 
from distinct administrative units but rather on qualitative information. Thus it may 
help to follow such mutual socio-ecological relationships between different sites 
over long time spans. 

 How did people in the two regions experience these fundamental transforma-
tions? Was there a common experience of industrialisation, or did farmers sense the 
regional divergence? A concept such as that of socio-natural sites raises questions 
on these issues and thus opens the way for future LTSER including and giving 
humanities and social sciences a more important role. Such LTSER would aim at a 
better understanding of how actors and social organisations affect and are affected 
by the transformation of socio-ecological systems (cp. Gragson, Chap.   9     in this 
volume). Integrative research of this kind would deal with the general question of 
human agency in the transition of socio-ecological systems: how much scope was 
(and is) there for conscious human choice and action? Are patterns of material and 
energy  fl ows, are metabolic regimes an iron cage in which (historical) actors are 
imprisoned? (cp. Brewer  2010 ; see also Cunfer and Krausmann, Chap.   12     in this 
volume). 

 The environmental histories of Sankt Florian and Grünburg may not be as spec-
tacular as those of other places in the world. In many respects they rather stand for 
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the often gradual but nevertheless fundamental transformation of rural worlds that 
took place mainly during the twentieth century. A conceptual framework like socio-
natural sites reminds us that data on social metabolism and land use are also expres-
sions of a history in which society and nature have been and still are indispensably 
intertwined, a history in which actors changed their environments partly dramati-
cally through their decisions and thus their ways of living substantially. LTSER 
needs both empirically sound data to assess and explain the transformation of socio-
ecological systems and distinct histories of human actors and social organisations. 
There are human life worlds behind our  fi gures waiting to be discovered. Regionalised 
LTSER as a common effort of scientists and humanists has the potential to make 
those discoveries.      
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  Abstract   Islands provide a place to conceptualise human-nature interactions in 
socio-ecological systems and to explore how such phenomena occur within decisive 
boundaries. Isolation, vulnerability to disruption, and constraints on the availability 
of natural resources add urgency to island sustainability questions with limited 
solution sets. This chapter presents  fi ndings that contribute to the larger issues of 
resiliency and vulnerability on islands. Cross-cutting re fl ections are offered based 
on studies conducted over the last 10 years at the Yale Center for Industrial Ecology 
of four diverse islands: Singapore, a highly developed island city-state; Puerto Rico, 
an island rich with nature and industry; O’ahu, a high density, tourism-dependent 
island, home to Honolulu, Hawai’i; and Hawai’i Island, also known as “The Big 
Island”, with a larger land area and a lower population density than O’ahu. Over the 
course of the twentieth century, each of these islands became heavily dependent on 
imports such as water, food, or fuel to sustain basic human needs and modern economic 
functions. Within the last decade, each has consciously sought to restructure its 
socio-ecological con fi gurations by using more locally available resources in one or 
more of its metabolic linkages. This pattern has the potential to reconnect island 
economies with their natural systems while simultaneously enhancing relationships 
and increasing resilience.  
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    14.1   Introduction 

 Islands provide a place not only to conceptualise human-nature interactions in 
socio-ecological systems 1  but also to explore and document how such phenomena 
occur within decisive boundaries. Isolation, vulnerability to disruption, and con-
straints on the availability of natural resources add urgency to island sustainability 
questions with limited solution sets. This chapter presents  fi ndings that contribute to 
the larger questions of resiliency and vulnerability on islands, rooted in the idea that 
human and natural systems are intimately interwoven and that knowledge heavily 
weighted to either system is not a suf fi cient guide to action, especially when considering 
sustainability issues. Drawing from Singh et al.  (  2010  ) , Haberl et al.  (  2004,   2006  )  
and predecessors, the types of changes to natural ecosystems caused by human activities 
and the underlying socioeconomic driving forces of these changes are discussed in 
this chapter. Considering the special case of islands, four themes are explored:

    1.    Tighter and looser coupling of socio-ecological activity on islands;  
    2.    Isolation from and connectivity to the global economy;  
    3.    Targeting dependence and self-suf fi ciency of natural resource use;  
    4.    Dynamics of socio-ecological change.     

 In exploring these themes, this chapter provides cross-cutting re fl ections based 
on studies conducted over the last 10 years at the Yale Center for Industrial Ecology 
of four diverse islands:

    1.    Singapore, a highly developed island city-state;  
    2.    Puerto Rico, an island rich with nature and industry;  
    3.    O’ahu, a high density, tourism-dependent island, home to Honolulu, Hawai’i;  
    4.    Hawai’i Island, also known as “The Big Island”, with a larger land area and a lower 

population density than O’ahu.     

 Like many islands, these were once largely self-contained units after  fi rst human 
settlement. Eventually, the resource dependence of these island societies increased 
beyond the physical boundaries of the islands. Each experienced substantial trans-
formations in the period around 1960: Hawai’i became the 49th state of the United 
States in 1959; Singapore claimed its independence from Malaysia in 1965; and 
Puerto Rico initiated a programme in the 1950s for “bootstrapping” its economy 

   1 Although we acknowledge disputes over the terms ‘socio-ecological system’, ‘social-ecological 
system’, ‘coupled human and natural system’, and ‘coupled human-environment system’, we have 
chosen here to use these terms synonymously. For a more in-depth analysis, see for example, 
Young et al.  (  2006  ) , Gallopín et al.  (  1989  ) , Berkes and Folke  (  1998  ) , or Turner et al.  (  2003  ) .  
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upward through industrialisation and land reform. Many years later, these islands 
have now become heavily dependent on imports such as water, food or fuel to 
sustain basic human needs and modern economic functions. Each island, however, 
has consciously sought to restructure its socio-ecological con fi gurations by using 
more locally available resources in one or more of its metabolic linkages. This 
pattern has the potential to reconnect island economies with various aspects of their 
natural systems as discussed herein.  

    14.2   Studying Islands and Human-Natural Systems 

 While an island is generally perceived as a small unit of land surrounded by water, 
there is little consensus in the literature on island studies as to what precisely de fi nes 
an island, including the upper bounds of its area and population (Deschenes and 
Chertow  2004  ) . Geographers generally consider Greenland, with 2.2 million km 2  of 
land area, to be the largest island, while Australia, with a land area of approximately 
7.6 million km 2 , is the smallest continent. Human population does little to clarify 
this distinction, as Taiwan, with a 2010 population of 23 million and a land area of 
36,000 km 2 , is more populous than many continental countries. Frequently, islands 
are viewed as microcosmic in that they display the dynamics of competition for 
scarce resources and, increasingly, the pressures and impacts of humans on the 
environment. Yet, islands are distinct in their role as small systems affected by 
global-scale forces. Many unique problems arise when comparatively closed, 
fragile island environments are coupled with open, global economic systems. Nauru 
Island in the central Paci fi c Ocean offers a tragic example. An important source of 
phosphates for the global market in the twentieth century, extensive mining depleted 
Nauru’s phosphate reserves and devastated many of its natural systems (McDaniel 
and Gowdy  2000  ) . 

 Since the time of Darwin, islands have served as “model systems” for the transfor-
mative study of numerous phenomena including evolution, nutrient cycling, and 
speciation (Baldacchio  2004  ) . Islands are particularly useful model systems for 
ecological science because they are closed in many regards, with clear physical 
boundaries, relatively small geographic areas, and simpli fi ed driving forces that can 
be separated and experimentally controlled (Bateson  1972 ; Vitousek  2006  ) . Each 
island under study is characterised by a unique combination of ecological, physical, 
social, cultural and economic factors. Hawai’i Island, for example, the most 
thoroughly studied island from an ecological perspective in our group of four, is 
distinguished by well-de fi ned biogeochemical gradients, orthogonal variation in 
climatic conditions, extreme geographic isolation, and a diverse composition of 
endemic and indigenous biota (Vitousek  2006  ) . These conditions have inspired 
researchers to create a deep wealth of scienti fi c knowledge in areas such as ecosystem 
ecology, biogeochemistry, evolutionary biology and anthropology (e.g., Vitousek 
 1995,   2002,   2004,   2006 ; Chadwick and Chorover  2001 ; Ladefoged et al.  2009 ; Kirch 
 1986 ; Kirch et al.  2006  ) . Natural histories of islands describing  fl ora and fauna are 
also common (Carlquist  1965 ; Kingdon  1990  ) . 



318 M. Chertow et al.

 Less common, however, are socio-ecological studies that build on the base of 
physical and natural sciences and are strongly in fl uenced by an increased understanding 
of the pervasive and growing in fl uence of humans on ecosystem functioning. 
UNESCO’s Man and the Biosphere programme in the 1970s was the  fi rst to examine 
islands by investigating the dynamics of modern human societies and the natural 
systems in which they exist. Over time, these issues have prompted a fundamental 
restructuring in the conceptualisation and study of ecosystems to include a human 
dimension, and this new paradigm is gaining broader acceptance (Grimm et al. 
 2000,   2008 ; Alberti et al.  2003 ; Redman et al.  2004 ; Gragson and Grove  2006 ; 
Haberl et al.  2006 ; Pickett and Grove  2009  ) . With respect to islands, in the modern, 
interdependent world, deeper insights into socio-ecological conditions “present 
island populations with the challenges of limited resource availability, tenuous 
resource security, and limited natural carrying capacity,” making islands excellent 
focal points for studies that systematically analyse the interactions between human/
industrial activities and the natural environment (Deschenes and Chertow  2004 ; 
Graedel and Allenby  2002  ) .  

    14.3   The Islands Under Study: Descriptions and Methods 

 The island studies of the Yale Center for Industrial Ecology follow the theme of 
socio-ecological research, but they are particularly focused on identifying and 
studying social, economic, and cultural factors that drive resource use and environmen-
tal change. Table  14.1  provides comparative physical and economic information 
about each of the four islands.  

 The Yale Center for Industrial Ecology relies on  fl agship analytical tools of 
industrial ecology to understand socio-ecological systems; these tools facilitate the 
study of  fl ows of materials, energy, and water through human/industrial systems at 
different levels and scales. When presented holistically within the methodological 
framework of industrial metabolism (also referred to as social or socioeconomic 
metabolism), these tools provide a systems-level view of the natural resource dynamics 
of society (Ayres  1989 ; Ayres and Simonis  1994 ; Fischer-Kowalski and Haberl 
 1993 ; Fischer-Kowalski and Hüttler  1999 ; Daniels and Moore  2001  ) . 2  The quantitative 
insights gleaned from industrial metabolic studies are especially important for 
managing resource use and environmental impacts in coupled human-natural 
systems on islands given their spatial and natural resource constraints. Indeed, just 
as the ecological studies referenced above have contributed substantially to a deepened 
understanding of natural island systems, we posit that, by analogy, studying material 
and energy  fl ows can provide insight into socio-ecological interactions (see also Haberl 

   2 When the concept of industrial metabolism is applied to a city or speci fi c geographic region, it is 
increasingly referred to as urban metabolism (Wolman  1965 ; Baccini and Brunner  1991 ; Kennedy 
et al.  2007  ) .  
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   Table 14.1    Characteristics of the selected islands   

 Puerto Rico  Singapore  Oahu  Hawaii 

 Land area (km 2 )  8,870  687  1,545  10,432 
 Agricultural land (2007)  24.7%  1.10%  15.8%  26.5% 
 Population  3,978,702  4,701,069  907,574  177,835 
 GDP PPP ($ billion)  86.9  243.2  48.1 (2008)  5.1 (2007) 
 GDP/capita (PPP)  $17,100  $52,200  $42,423 (2008)  $29,702 (2007) 
 Electricity production 

(billion kWh) 
 23.7  41.7  8.2  1.2 

 Per capita (kWh)  5,962  8,875  9,068  7,023 
 Exports ($ billion)  20.9  274.5  0.55 (2008)  NA 
 Imports ($ billion)  14.9  240.5  3.9  NA (state only) 
 Internet users  1 million  3.37 million  819,000  NA (state only) 
 Visitors  3,551,000  7,488,000  4,024,888  1,215,256 
 Tourism expenditures/

visitor 
 $978 11   $1,802 12   $1,269 13   $1,029 13  

 Visitors/population  0.89  1.59  4.43  6.83 
 Airport passenger 

movement 
 9,265,713 14   37,203,978 15   11,157,524  996,620 

  Sources   :    
 1.  The World Factbook 2010 . Washington, DC: Central Intelligence Agency, 2010.   https://www.
cia.gov/library/publications/the-world-factbook/index.html     
 2.  The State of Hawaii Data Book . Honolulu, HI: State of Hawaii, Department of Business, 
Economic Development & Tourism, 2010 
 3.  2007 Census of Agriculture.  Washington, DC: National Agricultural Statistics Service, United 
States Department of Agriculture, 2009 
 4.  World Development Indicators . The World Bank, 2010 
 5.  Regional Economic Accounts . Bureau of Economic Analysis, 2010 
 6.  County of Hawaii Data Book.  Department of Research and Development, County of Hawaii, 
2010 
 7.  State and County QuickFacts . U.S. Census Bureau, 2010.   http://quickfacts.census.gov/qfd/
index.html     
 8.  Exports from U.S. Metropolitan Areas.  The International Trade Administration, U.S. Department 
of Commerce, 2009.   http://www.trade.gov/mas/ian/Metro/index.html     
 9. State Trade Data. Foreign Trade Division, U.S. Census Bureau, 2010.   http://www.census.gov/
foreign-trade/statistics/state/     
 10.  Current Population Survey . Bureau of Labor Statistics, 2010.   http://www.bls.gov/cps/     
 11.  UNdata . United Nations Statistics Division, 2010.   http://data.un.org/Default.aspx     
 12. Global Market Information Database. Euromonitor International, 2010 
 13.  2009 Annual Visitor Research Report . Hawaii Tourism Authority, 2010 
 14.  Passenger Traf fi c 2009 . Autoridad de los Puertos de Puerto Rico, 2010 
 15.  World Airport Traf fi c Report for 2009 . Airports Council International, Montreal, 2010 
 Notes 
 (a) NA not available 
 (b) Urban population calculation methods may differ between sources 
 (c) Hawai’i GDP not published at the county level, only personal income is calculated by Bureau 
of Economic Analysis and Census Bureau 
 (d) Only available as state total, not published by island/county for Hawaii 
 (e) Honolulu accounts for 89% of exports in state 
 (f) Data is for 2009 unless otherwise noted  

https://www.cia.gov/library/publications/the-world-factbook/index.html
https://www.cia.gov/library/publications/the-world-factbook/index.html
http://quickfacts.census.gov/qfd/index.html
http://quickfacts.census.gov/qfd/index.html
http://www.trade.gov/mas/ian/Metro/index.html
http://www.census.gov/foreign-trade/statistics/state/
http://www.census.gov/foreign-trade/statistics/state/
http://www.bls.gov/cps/
http://data.un.org/Default.aspx
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et al., Chap.   2     in this volume). The neutral, materialist perspective offered by these 
studies attempts to understand both ecological integrity and sustainable livelihoods 
by providing a quantitative line of sight along the permeable boundary that links 
natural and human systems (Fig.  14.1 ).  

 The industrial metabolism framework, with some variations in the particular 
tools and methods employed based upon the speci fi c questions being investigated, 
was used to study all four islands. In studies of Puerto Rico from 2001 to 2008, we 
concentrated on the metabolism of the island’s extensive industrial parks. Using the 
parks as a unit of analysis helped to advance the sub- fi eld of industrial symbiosis 
through exploration of agglomeration economics, social network analysis, and 
embeddedness theory (Chertow et al.  2008 ; Ashton  2008 ; Chertow and Ashton 
 2009  ) . Research in Singapore has been more concentrated on material  fl ow analysis 
(MFA) than on energy and water  fl ows. We have reviewed and expanded the scope 
of an island-wide metabolism study that focused on direct material  fl ows (Schulz 
 2007  )  to include both direct and indirect  fl ows (Chertow et al.  2011  ) , and we are now 
gathering data at the household and district levels to explore multi-level material 
 fl ows (Chertow et al.  2010  ) . 

 The City and County of Honolulu is coterminous with the Island of O’ahu in 
Hawai’i. Here, we have extensively studied one symbiotic industrial cluster (Chertow 
and Miyata  2011  )  and conducted an island-wide material  fl ow analysis to recommend 
new solutions to material and waste  fl ow problems (Eckelman and Chertow 
 2009a,   b  ) . In both O’ahu and the larger-in-area, smaller-in-population Hawai’i 
Island, we have investigated resource use and environmental change across recent 
transitions associated with the growth and development of the islands by construct-
ing material and energy  fl ow analyses (MEFA). MEFA, similar to MFA but with an 
added focus on energy, is a powerful tool used to quantify the metabolic framework 
by tracking the input, output, conversion and accumulation of materials, energy 
or selected substances. While primarily used as a research tool within industrial 

  Fig. 14.1    Line of sight along the dynamic metabolic interface between natural and human systems 
where quantitative measurements of socio-ecological variables are made       

 

http://dx.doi.org/10.1007/978-94-007-1177-8_2
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ecology, it is also used to inform natural resource, pollution control, and waste 
management policy making at the local, regional and national levels. All of the meta-
bolic studies rely on the following equation (Fischer-Kowalski and Hüttler  1999  ) :

     ( ) ( ) ( )Σ = Σ + ΔT T TI O S
   

where  S (I
T
) = sum of material/energetic inputs into the system;  S (O

T
) = sum of 

outputs from the system; and  D (S
T
) = total changes in stock within the system. 

 Over time, metabolic information can be used to identify and monitor patterns of 
material, water and energy throughput and cycling as areas undergo socioeconomic 
and ecological change (Haberl et al.  2004  ) . Ongoing work for Hawai’i Island 
includes an island-wide historical MEFA dating back to the 1800s. To conduct this 
longer-term MEFA and, thus, to better understand socio-ecological transitions 
in Hawai’i, we are drawing on an extensive database of imports and exports that 
 fl owed through the major ports of the islands. In addition, comprehensive metabolic 
studies of Hawai’i Island’s two urban areas – Kailua-Kona on the east side and Hilo 
on the west side of the island – are being performed to provide a comparative analysis 
of the structure and function of two socio-ecological systems related through 
resource exchanges, geographic proximity, and historical and contemporary cultural 
con fi gurations.  

    14.4   Themes 

 To draw a portrait of human-nature interactions on these islands, the four themes 
introduced above are discussed in detail using context-speci fi c examples. The studies 
of the four islands were conducted separately; thus, this chapter provides a  fi rst 
opportunity to derive a broader, synthesised understanding across the different 
island settings and to propose lessons learned. We draw speci fi c examples from our 
research rather than a complete picture of each island to help de fi ne these themes 
and to tease out their usefulness in island long-term socio-ecological research 
(LTSER) studies. 

    14.4.1   Tighter and Looser Coupling of Socio-ecological Activity 
on Islands 

 There is considerable ambiguity in the human-natural systems literature about the 
occurrence of metabolic coupling and the conditions under which this coupling 
becomes tighter or looser, or synonymously, stronger or weaker. Take, for example, 
an island whose people are dependent on food delivered by a ship with a port of 
origin 1,000 miles away. Is this island tightly coupled to the shipping network 
because the sustenance of its human population is dependent on it? Or, is it loosely 
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coupled because the food was not locally grown in the  fi rst place? To clarify this 
relationship, we  fi rst isolate the social and ecological systems of interest and then 
examine both the temporal and spatial dimensions of metabolic couplings involving 
a physical or energetic exchange. In the food example, the con fi guration can shift 
over time from a coupling in which only the humans and the natural systems of an 
island are involved (i.e., food grown on the island is consumed by humans on the 
island) to a situation in which the humans of the island are coupled to ecological 
systems elsewhere for the majority of their food supply. 

 In a well-de fi ned example of the dynamics of spatial and temporal coupling, the 
 fi rst group of Polynesian settlers who arrived in modern-day Hawai’i in approximately 
800  ad  represented an essentially closed human system penetrating a previously 
closed (i.e., uninhabited by humans) natural system. Until the time of European 
contact in 1778, everything consumed by the entire lineage of humans, except for 
the provisions brought by the initial settlers, was derived from the islands or from 
near-shore waters. Further, all physical objects that exited the human system, such 
as excrement and agricultural waste, entered some natural system on the islands. 
Indeed, the social and ecological systems that evolved on the Hawaiian Islands after 
the arrival of the  fi rst settlers were inextricably coupled within the spatial extent of 
the islands. Such tight couplings between natural and human systems were char-
acteristic of the co-evolutionary process that unfolded on islands prior to the indus-
trial revolution and, indeed, are still characteristic of more traditional cultures in 
which development has not followed a strict path of globalisation and vital linkage 
to distant markets. 

 By the mid-nineteenth century, Hawai’i had developed a robust global trade 
network. In 1860, imports valued at over $1 million were registered in Honolulu that 
year. Concurrently, some 32 domestic exports, including sugar, hides, coffee and whale 
oil, were shipped from Hawaiian ports to destinations such as New Zealand, Australia, 
Great Britain and China. The modern development of transportation and communica-
tion systems has enabled remote island communities to obtain an ever-increasing 
portion of their goods and services from distant shores. In O’ahu in 2008, we found that 
islanders depended on 15.1 million tonnes of imports and produced only 3.4 million 
tonnes of goods domestically (Eckelman and Chertow  2009a  ) . Today’s ships contain 
a remarkably complex assemblage of globally produced goods, as witnessed by 
reviewing the freight records of “big box” stores. Thus, both temporal factors, which 
characterise the stage of development of an economy in terms of its industrialisation, 
and spatial factors, which characterise a society’s connection to outside, possibly 
global markets, determine the composition, extent and dynamics of coupling. 

 In general, the spatial extent of modern couplings and their characterisation in 
relation to “simpler” times are quite dif fi cult to describe. We assert here, however, 
that identifying instances of tighter and looser coupling on islands is relatively less 
complicated than doing so in the middle of a large land mass because the number of 
pathways and ports of embarkation and debarkation are geographically restricted. 
In contrast, because a mainland city’s boundaries are crossed by multiple train 
lines, highways, electric lines, water pipelines, and foot paths, metabolic linkages 
are challenging to identify, characterise, and track. 
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 Often, modern couplings are dictated not only by geographical proximity but 
also by the extent to which services are mediated by technology. Energy consumption 
presents a useful example. An energy consumer on an island typically purchases 
power from the electricity grid, which can produce energy from local sources such 
as geothermal wells or from imported fossil fuels. Thus, the social system consuming 
energy on an island can be coupled with local primary energy sources or with 
sources from other parts of the world. Consider an example in which tourists are 
vacationing in a contemporary island hotel: are they tightly or loosely coupled to 
any particular natural systems on the island? For the purpose of this example, the 
tourists consume a certain amount of energy while they are in the hotel, and the 
hotel produces all of its own electricity from an on-site hydroelectric generator. 
In this example, we consider the tourists to be  tightly coupled  to the natural hydro-
logic system that generates the energy consumed in the hotel. 

 Next, imagine that instead of producing its own electricity, the hotel is connected 
to an island-wide energy grid. The energy  fl owing through the grid is generated 
on the island by geothermal and hydroelectric power plants, but both of these are 
located on the other side of the island in a different watershed. Here, we still con-
sider the tourists to be coupled to the natural volcanic and hydrologic systems on the 
island that generate the energy consumed in the hotel, but we consider this coupling 
to be  looser . The coupling now spans greater distances and is mediated by a net-
work of pipes, pumps, and tanks as part of a more extensive human-constructed 
infrastructure. 

 Finally, imagine that the grid energy is generated by an electric power plant burning 
petroleum products. These fossil fuels are not produced on the island; rather, they 
are extracted from a forested ecosystem in Asia, processed nearby, and imported in 
an oil tanker. Following our previous logic, we consider the tourists to be coupled 
to the forested ecosystem from which the fuels were extracted. We describe the 
tourists in this situation, however, as being  loosely coupled  to the forested ecosystem 
because their coupling is mediated by global markets, governmental institutions, 
technology, and physical infrastructure. 

 A third lesson from the islands suggests more broadly that non-material relationships 
including culture, laws, market prices, and marketing messages in fl uence changes 
in the organisation and regulation of material and energy  fl ows (Costanza et al. 
 2001 ; Moran and Ostrom  2005 ; Reenberg et al.  2008 ; Ostrom and Cox  2010  ) . 
In particular, coupling on the islands we have studied is notably in fl uenced by gover-
nance structures. This extends well beyond the activities of government; indeed, we 
have measured the weight of the US military presence in O’ahu in tonnes of housing 
materials for military families and the quantity of fuel imported for military operations 
(Eckelman and Chertow  2009b  ) . The point of interest here, however, is not the 
activities themselves, but the power of a non-material change to substantially 
in fl uence underlying material relationships amid other social and economic ones. 

 Examples from the islands under study illustrate this point. Hawai’i became the 
49th state of the US in 1959, and with this change, a new level of banking and 
investment security emerged. This change prompted rapid real estate development 
and exponential growth in the tourism industry, increased the demand for imports, 
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and substantially transformed Hawai’i’s metabolic impacts. Further, Hawai’i’s continued 
reliance on tourism contributes to the disproportionate use of resources by visitors. 
Data collected by the State of Hawai’i show that compared to residents, tourists 
consume 0.26 more cubic metres of water, use 22.0 more kWh of electricity, and 
generate 0.8 more kilograms of waste on a daily basis (Hawaii DBEDT  2005  ).  

 Singapore’s independence in 1965 followed British rule starting in 1819, Japanese 
occupation during WWII, and a brief alliance with Malaysia in 1961. After its 
independence, Singapore lacked the natural resources needed to support many 
traditional industries and it experienced a high unemployment rate, a housing crisis, 
and dif fi culties associated with a  fl edgling educational system. The establishment of 
a massive programme of modernisation focused on industrial development and 
education substantially changed land use and metabolic couplings. In the  fi rst 
10 years, the majority of the population was moved into new government housing 
units, and  fi nancial and development institutions were established. Singapore also 
created its own military during this time. The enormous social and economic suc-
cesses that Singapore achieved have distinct physical manifestations. For example, 
numerous land reclamation projects have increased the area of Singapore from 
582 km 2  in 1962 to 641 km 2  in 1992 and 687 km 2  in 2010 (Goudie and Cuff  2008  ) . 
The rapid transition, described by Singapore’s famous leader, Lee Kuan Yew, as a 
move “from Third World to First,” hinged on the substantial metabolic recon fi guration 
associated with the government’s heavily planned and meticulously executed devel-
opment programme. 

 Although Puerto Rico was ceded by Spain to the US in 1898, another 50 years 
passed before the US Congress gave Puerto Ricans the right to their own constitution 
and the ability to vote for their own governor. The  fi rst democratically elected 
governor began service in 1949, and launched an ambitious programme of industri-
alisation called “Operation Bootstrap” that included policies and tax incentives to 
convince US-based manufacturers to locate in Puerto Rico while maintaining access 
to US markets. As US citizens, Puerto Ricans gained the option to migrate freely to 
the mainland US, which eased employment and resource consumption demands on 
the island. With regard to island metabolism, these programmes, coupled with land 
reform to limit the holdings of large sugarcane interests, initiated the conversion 
from an agricultural to an industrial economy. These examples illustrate and identify 
the relationship between non-material changes and changes in the organisation and 
regulation of material and energy  fl ows and, thus, in the underlying socio-ecological 
con fi gurations of these islands. 

 In summary, studies of these islands show that the co-evolutionary process 
between natural and human systems is maintained by speci fi c, organised  fl ows of 
materials, energy, information and money across appropriate interfaces. This process 
of  fl ux, in which resources move from one system to another and sometimes back 
again (e.g., wastewater discharge, waste heat, and bioengineered crops), is regulated 
by a complex combination of both material factors (e.g., physical infrastructure and 
technology) and non-material factors (e.g., governance structures and access to 
information). The heavy dependence of these islands on imports of food, energy, 
and manufactured goods suggests reduced material coupling with island ecosystems 



32514 The Intimacy of Human-Nature Interactions on Islands

and increased coupling with more distant ecosystems. In this regard, a human system 
on one island can become coupled not only to local natural systems but also to natural 
systems across the globe. Thus, not ONE coupled socio-ecological system, but 
MANY socio-ecological systems are anchored around a local human system and a 
local natural system. The boundaries around the system change as we move from 
more tightly coupled socio-ecological systems on islands to more loosely coupled, 
globalised socio-ecological systems.  

    14.4.2   Isolation from and Connectivity to the Global Economy 

 The extent to which the social and ecological systems of islands are connected via 
the global economy to social and ecological systems elsewhere varies widely. Both 
Singapore and Puerto Rico are highly connected to the global economy, and there 
we  fi nd characteristic open economies in which the available goods and services 
parallel those available in nearby mainland systems. Both islands are also located 
much closer to their mainlands than Hawai’i, facilitating resource movement. 
In fact, Singapore has a reputation as a place where a consumer can purchase almost 
anything, including highly diverse foods, electronics, and exotic building materials. 
Puerto Rico is a key connecting point for Americans travelling to other Caribbean 
islands by air and sea, especially on cruise ships. Conversely, islanders from the 
region visit Puerto Rico to engage in an American shopping experience and to gain 
entry into the US. 

 Both Puerto Rico and Singapore are also important hubs in global manufacturing 
supply chains. For many years, multinational corporations have sited pharmaceutical 
manufacturing operations in Puerto Rico, using intermediate products sourced from 
around the world and taking advantage of tax code exemptions. As shown in 
Table  14.2  below, the governance changes that provided incentives to develop the 
pharmaceutical industry in Puerto Rico greatly altered material  fl ows. Today, material 
exports from Puerto Rico are dominated by  fi ve industrial products, four of which 
are tied to the pharmaceutical industry, which is valued at over US $13 billion and 
is Puerto Rico’s leading industry (Table  14.2 ). Socially, Puerto Rican leaders adapted 
the education system to respond to the needs of the growing manufacturing sector 
and now produce a highly skilled technical workforce in key areas. Perhaps the 
largest ecosystem impact associated with the growth of the pharmaceutical industry 
is the industry’s extensive consumption of the island’s limited freshwater supply. 
Groundwater levels in Barceloneta, the most concentrated cluster of pharmaceutical 
plants, fell by as much as 45 m in the  fi rst 20 years after industrial withdrawals 
commenced; this  fi gure is much greater than anywhere else on the island (Renken 
et al.  2002  ) .  

 Singapore’s container shipping port, which facilitates the agglomeration and 
subsequent distribution of a wide array of goods, has been the world leader in 
container traf fi c since 2006 (Port of Hamburg  2011  ) . The country’s educated labour 
force and strategic location on one of the world’s major shipping routes make it a 
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highly connected and desirable location for manufacturing operations that supply 
goods and services to Asian markets. The fact that four of Singapore’s top  fi ve 
import commodities are also four of its top  fi ve export commodities is a testament 
to the island’s role as a highly connected trans-shipment or  entrepôt  port, a port that 
specialises in the storing, processing, and reshipping of goods moving between 
other countries. Trans-shipment, a physical form of connectedness and  fl ow in the 
economy, is so common in Singapore that most of the economy’s imports and 
exports, in terms of both currency and material volume, are dominated by the movement 
of these four commodities (Tables  14.3  and  14.4    ).   

 Some of the colonised Paci fi c Islands are highly connected to the global economy, 
while others are largely self-contained. The Hawaiian archipelago is no exception 
to this pattern. O’ahu is the most globally connected of the chain, and the other 
islands are dependent on O’ahu as the principal port of the state. Goods  fi rst arrive 
in Honolulu from other states and countries and are then transshipped to the outer 
islands. Tourism is the dominant industry, but the prevalence of tourism varies 
across islands. Maui and Kauai are highly connected and have the highest ratio of 
tourists to total population. 3  Hawai‘i Island, with the largest resident population 
outside of O’ahu, exhibits great socioeconomic variation. The island of Moloka‘i, 

   Table 14.2    Puerto Rico’s top  fi ve export Commodities, USD million   

 Description  2009 value  2009% share 

 Medicaments (HS 300490)  7,006  33.5 
 Antisera and blood fractions  4,626  22.1 
 Compounds with an unfused pyridine ring  1,251  6.0 
 Parts for mineral processing machines  679  3.2 
 Polypeptide protein, glycoprotein hormones, and derivatives  480  2.3 

  Source: Foreign Trade Division, U.S. Census Bureau, State Import Series.   http://www.census.gov/
foreign-trade/statistics/state/data/imports/pr.html     
 As classi fi ed by  Schedule B: Statistical Classi fi cation of Domestic and Foreign Commodities 
Exported from the United States , US Census Bureau, 2010  

   Table 14.3    Singapore’s top  fi ve import commodities, USD million   

 Description  2009 value  2009% share 

 Petroleum, petroleum products  58,841  23.4% 
 Electrical machinery, apparatus, and appliances  52,462  20.9% 
 General industrial machinery and equipment  18,737  7.5% 
 Of fi ce machines and automatic data-processing machines  14,722  5.9% 
 Other transport equipment (not passenger cars, commercial 

trucks, motorcycles, or trailers) 
 9,040  3.6% 

  Source: Euromonitor GMID database. As classi fi ed by the Standard International Trade 
Classi fi cation, Rev.3, United Nations, Department of Economic and Social Affairs  

   3 Maui County had a population of 145,157 in 2009 and a tourist count of 2,639,929 in 2007. 
Kaua’i had a population of 63,689 in 2008 and a tourist count of 1,271,000 in 2007.  

http://www.census.gov/foreign-trade/statistics/state/data/imports/pr.html
http://www.census.gov/foreign-trade/statistics/state/data/imports/pr.html
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a small Hawaiian island near O’ahu, presents an interesting contrast because it is 
currently undergoing economic recon fi guration after its largest employer left the 
island amid a dispute over expanded tourist infrastructure. Some observers speculate 
that it is transitioning toward more local livelihoods based on sustainable agriculture 
and away from greater global connectivity (Hamabata 2009, personal communication). 
It is interesting to note that the top  fi ve countries from which the State of Hawai’i 
imports over $2 billion of goods (Vietnam, Saudi Arabia, Indonesia, Thailand, and 
China) are entirely different from the countries to which it sends most of its exports 
(Japan, Singapore, South Korea, Netherlands, and Australia), excluding the US. 

 Even on a single island, the level of connectedness to the global economy and the 
accompanying levels of metabolic  fl ows can vary greatly. Hawai’i Island has two 
urban areas, Kailua-Kona and Hilo, which are similar in population and size. Yet, 
the two have markedly different socioeconomic and biophysical characteristics. 
Hilo, with a wetter and cooler climate, has struggled with the demise of the sugarcane 
industry and the transition from a plantation economy to a more diversi fi ed base, 
while Kailua-Kona, both hotter and drier, has experienced explosive growth fueled 
by its attractiveness as an international tourist and second-home destination. 
Although Hilo’s airport was established in 1928 and Kailua-Kona’s current airport 
was opened in 1970, nearly one million international passengers passed through 
the Kona airport in 2009, while only 257 passed through the Hilo airport. Further, 
Kailua-Kona has 6,296 hotel rooms, while Hilo has only 549.  

    14.4.3   Targeting Dependence and Self-suf fi ciency 
of Natural Resource Use 

 The combined characteristics of boundedness, isolation and size limit resource 
availability on islands. The trajectory of all the islands under study over the last 
50 years has been growth in population and greater use of three resources: water, 
energy, and waste assimilation capacity. The islands are far from self-suf fi cient, and 
Fig.  14.2 , portraying resource dependence on O’ahu, is typical for all. As shown in 
the  fi gure, O’ahu’s dependence on foreign materials ranges from 10 % for construction 
minerals to 100 % for fossil fuels. Crude oil alone represented two-thirds of the 
annual value of commodities shipped to Hawaii in 2009 reinforcing the fact that the 

   Table 14.4    Singapore’s top  fi ve export commodities, USD million   

 Description  2009 value  2009% share 

 Electrical machinery, apparatus, and appliances  73,624  26.3% 
 Petroleum, petroleum products  40,857  14.6% 
 Of fi ce machines and automatic data-processing machines  24,824  8.9% 
 General industrial machinery and equipment  16,637  5.9% 
 Organic and inorganic chemicals  11,139  4.0% 

  Source: Euromonitor GMID database. As classi fi ed by the Standard International Trade 
Classi fi cation, Rev.3, United Nations, Department of Economic and Social Affairs  
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State of Hawaii relies on imported fossil fuels for more than 80 % of electricity 
production. O’ahu, Hawai’i Island, and Puerto Rico are water self-suf fi cient (Eckelman 
and Chertow  2009b ; Fugate  2008 ; Molina-Rivera  2005  ) , whereas Singapore is not.  

 When an isolated area is dependent on outside resources for vital services, it is 
highly vulnerable to risks. Hawai’i, with a 10-day food supply, is vulnerable to shipping 
disruptions. Even if it were to grow all of its own food, it would be subject to other 
risks, such as crop failures due to inclement weather or the introduction of invasive 
species. For an island such as Singapore, the decision to take land out of commercial 
development to produce food faces high opportunity costs that suggest the continued 
importation of food may be preferable. Still, an interesting  fi nding is that each island 
has been striving to decrease its external dependence in at least one major resource 
area. Singapore is much more water self-suf fi cient today than it was 20 years ago. 
Puerto Rico is seeking less dependence on fossil fuels for energy. O’ahu is struggling 
to handle its waste materials so as to avoid the export of waste. Hawai’i Island 
is attempting to increase its self-suf fi ciency of both food and energy. These trends 
are discussed below. 

 The story of water in Singapore is one of increasing self-suf fi ciency through 
investments in research and technology. Heavily dependent on neighbouring 
Malaysia for its water supply, Singapore foresaw the potential threats of increasing 
prices and supply disruption as urbanisation and industrialisation increased the 
demands of a small area with few domestic fresh water resources. Until 2003, 
Singapore relied on two water sources: the continued use of imported water from 
Malaysia and the increased use of catchment areas. Now, Singapore touts its Four 
National Taps programme. The 3rd tap, potable water reclaimed from secondary 
treated sewage, began when the  fi rst plant opened in 2003. Known as NEWater, 
reclaimed water now makes up 30% of the domestic water supply. The 4th tap, 
desalinised seawater, was established in 2005 and can supply 136,000 m 3  per day 
(PUB  2011  ) . Singapore has also been vigilant about demand management; per 

  Fig. 14.2    Oahu’s dependence on various types of imported goods by percentage (Eckelman and 
Chertow  2009b  )        
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capita domestic water consumption has decreased by several percentage points, and 
water system losses have been reduced from 11% in the 1980s to 5% today, one of 
the lowest leakage levels in the world. Singapore’s goal is to achieve water self-
suf fi ciency by 2061, 100 years after the  fi rst agreement with Malaysia (The Straits 
Times  2010  ) . 

 Prior to 2003, Puerto Rico’s power generation system was based almost com-
pletely on fuel oil, with only 1% of energy produced by hydropower sources. Since 
then, there has been strong interest in reducing the island’s dependence on fossil 
fuels. Initially, two power plants, a combined cycle natural gas facility and a coal 
 fl uidised bed cogeneration facility, were commissioned to diversify the fossil energy 
mix and increase island-wide electricity output and ef fi ciency. Each new plant was 
slated to contribute approximately 15% of the island’s total power generation. 
In addition, these plants were highly ef fi cient, using waste heat to replace nearby 
aging industrial steam boilers and to support a desalinisation plant. Despite many 
efforts, implementation of renewable energy projects has proven extremely dif fi cult 
because of a combination of politics, environmental concerns and union opposition. 
Some signals of progress appeared at the end of 2010, as the Energy Diversi fi cation 
through Renewable, Sustainable and Alternate Energy Sources Law was passed. 
This law requires the government to achieve speci fi c targets of energy production 
from renewable sources (12% by 2015, 15% by 2020, and 20% by 2035) and 
to implement a tradable renewable energy certi fi cates programme on the island. 
The  fi rst two 250-kW wind turbines were installed on the island in 2010 at the 
Bacardi Rum distillery in San Juan Bay. Work on a 30-MW wind farm, which has 
been in the planning stages for more than 10 years, and a 100-MW wind farm were 
expected to begin in 2011 in Guayanilla and Santa Isabel, respectively (Energy 
Business Daily  2010  ) . 

 In 2000, the City and County of Honolulu completed a study of new approaches 
for waste management technologies, and in 2005, representatives began updating 
the solid waste management plan. With only one public land fi ll and one waste-to-
energy plant on O’ahu, the government has been forced to address the need for new 
capacity despite local opposition to increased land fi ll space and the anticipated 
expansion of the waste-to-energy plant by an additional 275,000 tonnes of waste per 
year by 2012. To address the most immediate problem, in September 2009, an 
agreement was reached to allow O’ahu to ship 90,000 tonnes of solid waste to 
Washington State each year (AP News  2009  ) . The export solution failed when the 
contractor was unable to obtain the proper permits, and thousands of tonnes of waste 
accumulated on the island (Star Advertiser  2010  ) . City advocates are taking a more 
positive approach by looking closely both at the waste stream and at the material 
import stream to assess the potential of creating green jobs and by determining the 
substitutability of imports with local products, including agricultural materials and 
inorganic minerals. When the waste plant expansion is complete, the total amount 
of land fi ll diversion to generate energy will be 33%; this is in addition to a current 
material recycling rate of 35%. If plans for ash and residue recycling are approved, 
the city could reach land fi ll diversion rates of approximately 80    % (City and County 
of Honolulu  n.d.  ) . 
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 In 2008, Hawai’i Island was approximately 80% fossil fuel dependent, with 68% 
and 99.9% of electricity generation and transportation energy, respectively, coming 
from fossil fuels. As a result, roughly 16% of the Gross County Product is spent on 
fossil fuels; this is twice the amount spent in the mainland US (Hawai’i County 
R&D  2011  ) . According to the County’s Sustainable Energy Plan, the County could 
move from 80 to 31% fossil fuel dependency by 2030, based on 66 recommendations 
that are gradually being adopted by the County. First and foremost, the policy goals 
are “to minimize energy use to the greatest extent possible and to meet remaining 
demand with energy generated from locally generated renewable resources.” Hawai’i 
Island’s determination to couple its energy requirements more strongly with local 
resources is demonstrated by the County’s commitment to more cost effective and 
less polluting operations.  

    14.4.4   Dynamics of Socio-ecological Change 

 On each of the islands under study, traditional land uses have given way to higher 
density development; visitors to any of the islands in 1965 would barely recognise 
them a generation later. Singapore is the most extreme example, as teachers and taxi 
drivers still recollect the locations of family farms and local herds where highways 
and housing blocks now stand. The speed and thoroughness of Singapore’s socio-
ecological change is the most advanced, based on the volume of construction and 
monetary expenditures following independence. 

Hawai’i Island has had several eras of rapid change since the arrival of canoes 
from Tahiti and Micronesia over 1,000 years ago. Shortly after European contact 
began, a revolutionary period from 1795 to 1820, during which King Kamehameha 
I eagerly accepted metal use, began trading for guns, and then forcefully proceeded 
to unite all of the Hawaiian Islands under one banner for the  fi rst time prior to his 
death, drastically changed socio-ecological systems on the islands. Those who know 
little else of O’ahu know that 7 December 1941, Pearl Harbor Day, was another 
extreme example of the compression of space and time in an island setting. As 
Clarke  (  2001  )  stated, “on continents, economic and political changes evolve over 
decades; on islands, a ship appears on the horizon, a seaplane lands in a harbour, a 
European explorer arrives, and a single day changes everything forever.” 

 Scholars studying change dynamics are seeking patterns in human-nature 
interactions. How is a natural system affected by the humans who enter it and under 
what circumstances does a human system revert back to nature? In Puerto Rico, for 
example, researchers have noted the spontaneous regeneration of forests following 
the abandonment of agricultural land in favour of industrialisation and urbanisation 
(Rudel et al.  2000 ; Grau et al.  2004  ) . Before the 1940s, the majority of Puerto Ricans 
worked in the agricultural sector, many on sugar and coffee plantations scattered 
across the island. In 1948, with a new constitution ensuring “commonwealth” status, 
the government focused on attracting manufacturers from the mainland US to create 
new employment opportunities, particularly in cities. As a result of the movement 
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of workers from farms to factories within Puerto Rican cities and across to the mainland 
US, forest cover increased from 9% of land area in 1950 to 37% by 1990, and farm 
workers as a percentage of the island’s total labour decreased from 35 to 3.7% 
(Rudel et al.  2000  ) . The Puerto Rican Farmers Association now reports that 
the island is self-suf fi cient only in bananas and milk, while producing 15–20% of the 
food supply locally (Fox News Latino  2011  ) . 

 A similar pattern of the re-establishment of forest land was documented in 
Austria. The regrowth of forests in Austria, however, was attributed to the increased 
use of imported fossil fuels and the consequent decreased use of domestic biomass 
as the primary energy source (Krausmann and Haberl  2007 ; Erb et al.  2008  ) . Puerto 
Rico’s service sector, and especially the tourism industry, relies on the health of the 
island’s coastal and forest ecosystems to attract domestic and foreign visitors. While the 
forests have recovered, however, locations such as Barceloneta, where manufacturing 
activities have clustered since the early1970s, have born a heavier environmental 
burden, receiving elevated levels of air and water pollution (Ashton  2009  ) . 

 This pattern of change has been described as following C.S. Holling’s model of 
succession in complex adaptive systems. In this model, some series of events triggers 
the collapse of a system, freeing resources for uptake by many diverse species or 
actors who can then colonise the system. Over time, another set of species or actors 
come to dominate the system because they use its resources well and out-compete 
others. These actors then begin to conserve energy and material resources for their 
own bene fi t, developing organisational structures to store the materials and further 
limit entry by potential competitors. Such structures, however, can be vulnerable to 
change if they do not have the capacity to adapt; this may result in another system 
collapse given a certain con fl uence of events. In Barceloneta, Puerto Rico, the middle 
of the twentieth century saw the collapse of the agricultural sector and the subsequent 
establishment of many diverse industries. The chemical sector was dominant from 
the 1970s into the 2000s due to abundant groundwater resources and favourable tax 
incentives, but all manufacturing, especially chemical manufacturing, began a slow 
decline starting in the 1990s (Ashton  2009  ) . Figure  14.3  illustrates Holling’s model 
by revealing a succession of changes in the industry mix in the Barceloneta region. 
This model is applicable at a conceptual level to the other islands in this study.  

 Another alarming example of disruptive socio-ecological change occurred on 
Hawai’i Island. In 1793, George Vancouver, a captain who had sailed with James 
Cook, introduced cattle to Hawai’i Island as a gift to King Kamehameha I (Tomich 
 1986  ) . The King then prohibited the killing of cattle, and by 1802, the free roaming 
animals were regularly destroying Hawaiian agricultural plots (Barrera and Kelly 
 1974  ) . Over the next several decades, land reform, zoning, tax laws, and the wan-
dering ungulates accelerated the conversion of native vegetation to ranchland 
(Gagne  1988  ) . By 1851, the cattle population on the island had grown to over 20,000 
and the detrimental effects of cattle were evidenced by the destruction of forests and 
the conversion of once green areas to open plains overrun with invasive grasses 
(In fl uence of Cattle  1856 ; Henke  1929 ; Daehler and Goergen  2005  ) . Today, a small 
number of feral cattle still exist on the island, but the majority are kept on expansive 
ranchlands (Cuddihy and Stone  1990  ) . Our preliminary research suggests that the 
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cattle on Hawai’i Island are more in fl uential than humans in the cycling of phosphorus 
and nitrogen (Siart and Skeldon  2009  ) . The introduction of cattle serves as a cautionary 
tale regarding the unintended and potentially transformative dynamics of socio-
ecological change.   

    14.5   Conclusion: The Need for Multi-level, Multi-scale 
Metabolic Analysis Within the Island Context 

 In a recent overview in  Science  of what has been learned from the current wave of 
coupled natural-human system research and theory, the authors concluded that 
(1) most prior work had been theoretical, (2) much more empirical work was needed, 
and (3) earlier studies focused on “interactions within the system, rather than 
interactions among different coupled systems” (Liu et al.  2007  ) . Many of the examples 
assembled in this article demonstrate the usefulness of MFA for measuring changes 
in the metabolism of the human system, which, in turn, induced changes in coupled 
human and natural systems. By discussing individual islands, we have attempted 
to look beyond one system toward de fi ning and illustrating metabolic couplings 
among several systems. In the cases of Puerto Rico and Hawai’i, we were also able 
to analyse regional systems within and among the islands. Thus, the call of Liu et al. 
for studies of the interactions among different coupled systems has been partially 
heeded by this study of human-nature interactions on islands. 

 Multi-level and multi-scale metabolic analyses are needed to expand upon and 
improve this work and to understand the co-evolution of coupling in the globalised 
world. Since the beginning of the industrial revolution, natural and human system 

  Fig. 14.3    Number of manufacturing enterprises by sector and successional stage in Barceloneta, 
PR, 1950–2005 (Based on Ashton  2009  )        
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interactions have changed dramatically in space and time. Islands with endogenously 
coupled systems and relatively closed boundaries have transitioned into exogenously 
coupled systems with more open boundaries. In industrialised societies, individuals, 
and households are simply less dependent on the direct production of material, 
energy and resources and are, therefore, less likely to be inclined to monitor and 
maintain ecological balance in the local environment. In place of local coupling, 
links to natural systems that provide material, energy and food resources are estab-
lished at the regional, national and even global levels. This has led to substantial 
heterogeneity in both perceived and actual interactions with natural systems. These 
links are mediated by a complex combination of culture, market structures, 
businesses, institutions, and physical infrastructures that can be more thoroughly 
investigated with a multilevel, multi-scale view. 

 One barrier to multi-level studies is the dif fi culty of data collection at levels 
below the national economy. Data for Singapore, a separate country, and Puerto 
Rico, a separate commonwealth, were usually easier to obtain than data for individual 
counties within the State of Hawai’i. Our work in Hawai’i brings in the temporal 
scale of socio-ecological change by investigating material and energy  fl ows over a 
period of 150 years. The acquisition of metabolic data across the years and the 
association of these data with natural system changes raises complicated questions, 
but this historical perspective also permits a richer understanding of the impacts of 
material and non-material changes during socio-ecological transitions. 

 Just as islands have been a useful focus for many scienti fi c tasks, their value for 
the study of socio-ecological systems is also apparent. In each of the islands examined, 
the physical, social, economic, and environmental changes have been so extensive 
and rapid that visitors of even 50 years ago would barely recognise the islands today. 
In the light of these transitions, some of which have been more detrimental than 
others, tools to measure metabolism can be used to illuminate our understanding of 
past human-nature interactions and to chart a more sustainable course for the future.      
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  Abstract   This chapter provides a macro-perspective on the evolution of society-nature 
interactions during industrialisation. It explores the emergence of the industrial 
metabolic regime and investigates the links between economic development, population 
growth, resource use and environmental change. It discusses the constraints that the 
environment imposes upon socioeconomic development and the role of technology 
in both alleviating these constraints and altering the natural environment. Starting 
from a discussion of the sociometabolic characteristics of the agrarian socio-ecological 
regime, the paper develops a socio-ecological perspective of global industrialisation 
taking the development in different world regions into account. It shows how a shift 
from a solar energy system tapping into  fl ows of renewable biomass towards a fossil 
fuel powered energy system based on the exploitation of large stocks of energy 
resources allowed for an emancipation of the energy system from land use and 
abolished traditional limits of growth. This metabolic transition facilitated unprec-
edented population growth and triggered a surge in the per capita use of material 
and energy. The paper argues that industrial society’s high demand for material and 
energy resources is structurally determined and cannot be reduced simply by a more 
frugal or ef fi cient use of resources.  
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    15.1   Introduction 

 Long term socio-ecological research, such as many of the case studies presented in 
this volume, often has a local focus and investigates the interplay of ecosystems and 
societal dynamics in speci fi c regional settings. Technological change or economic 
developments at the national or global scale, however, have a decisive impact on 
society-nature interactions in speci fi c regions and it is important to understand how 
local and regional socio-ecological systems are embedded in developments at larger 
scales (Haberl et al.  2006  ) . In this chapter we provide a macro-perspective on the 
evolution of society-nature interactions during industrialisation. We are, above all, 
interested in the socio-ecological signi fi cance of technological change and investigate 
how it has in fl uenced the interplay between societies and their natural environment. 
With this analysis we aim to contribute to a better understanding of the constraints 
that the environment imposes upon socioeconomic development and of the 
signi fi cance of technology in both alleviating these constraints and altering the 
natural environment. 

 To arrive at a socio-ecological understanding of industrialisation, we draw upon 
concepts of societal metabolism and the colonisation of nature (Baccini and Brunner 
 1991 ; Fischer-Kowalski and Haberl  1997  ) . The use of metabolism as a concept in 
socio-economic studies was originally formulated by Karl Marx, who used it to 
denote the need that humans have to obtain their means of subsistence through an 
exchange with nature, in a process that is socially organised and connected with 
labour (Fischer-Kowalski  1998 ; see also Singh et al.  2010  ) . This concept has since 
been further differentiated, implemented statistically in parallel with macroeconomic 
accounting, and historically speci fi ed: It is not merely the ‘human being’, which in 
terms of its metabolism is reliant on and has an impact upon nature, but rather the 
respective forms of societal production and consumption that generate its qualitative 
and quantitative characteristics. 

 Energy is a determining dimension in the metabolism of a society. The availability 
of energy plays a crucial role in de fi ning relationships with nature by placing limits 
on the capacity of humans to alter nature and to extract, transport and process 
resources. Thus the question of how much energy a society has available, and from 
what sources, makes a great difference – not only to relationships with nature but 
also to relationships within society. In connection with this, it is possible to identify 
several major “sociometabolic regimes” that have existed during human history to 
date, between which there are signi fi cant transitions that are in general referred to 
as ‘revolutions’: the neolithic revolution, which marks the transition between the 
hunter-gatherer regime and agrarian society, and the industrial revolution, which 
marks the transition from the agrarian to the industrial regime (Sieferle  2003  ) . 

 We focus on the agrarian-industrial transition, which is still ongoing at the global 
scale. Thus far, what is described here is not particularly new, yet in our contribution 
we shall attempt to show that using such an expanded socio-ecological perspective 
allows technological change to be observed and understood in a novel way. If one takes 
not only human actors and their societal relationships into account but also the natural 
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preconditions and consequences of their activities, one may arrive at an understanding 
of the requirements, limitations and causal relationships that can also be described 
in quantitative terms and that make it possible to avoid representing these develop-
ments as stories of progress or decline. It is a common feature of both progress 
and decline narratives that they pursue an understanding of nature that is at least 
implicitly a magical interpretation rather than a realistic one, tested in the context 
of natural sciences. The magical phrase “Faith can move mountains” would be 
answered by the realist thus: “That may be, but it will certainly require plenty of 
energy to do so too.”  

    15.2   Society-Nature Relationships Prior to the Industrial 
Revolution – The Metabolism of Agrarian Societies 

 The metabolism of all pre-industrial societies is based on the use of biomass and 
thus upon the ability of plants to utilise solar energy via photosynthesis to create 
energy-rich material from carbon dioxide, water and mineral compounds. In the 
form of nutrition and animal feed, biomass provides the energetic basis for sustaining 
the existence of humans and their livestock and can be converted by these into 
mechanical energy. Combustion (burning of fuelwood, for example) provides space 
and process heating for domestic households (cooking) and manufacturing (metal 
smelting) as well as light. The conversion of heat into mechanical energy was not 
possible prior to the invention of the steam engine and thus the availability of mechanical 
energy is subject to strict limitations. Water and wind power play an important but 
nonetheless in terms of quantity, rather subordinate role. With very few exceptions, 1  
biomass is by far the most important energy source until the industrial revolution, 
generally accounting for 99% of all available primary energy sources. By far the 
largest proportion of biomass was utilised as nutrition for people and livestock. 
The proportion used as fuelwood was subject to signi fi cant regional variations 
related to the local availability of wood and climatic conditions and only a modest 
amount of extracted biomass was used for non-energetic purposes. 

 With the use of biomass, humans intervene in renewable energy  fl ows. Nature is 
transformed through agrarian economy in a way that enables societal bene fi ts in the 
form of utilisable biomass to be increased. The German environmental historian 
Rolf Peter Sieferle thus speaks of “the controlled solar energy system” of agrarian 
societies (Sieferle  2001  ) . At a global level, this controlled solar energy system 
characterises societal relationships with nature for most of humankind until the 

   1In the seventeenth century Netherlands, for example the exploitation of large peat deposits, 
intensive use of wind energy and a dense network of waterways suitable for shipping formed the 
energetic basis for an exceptional economic development, the  Dutch Golden Age . It is estimated 
that during this period up to 1.5 million tonnes of peat were dug annually, involving the excavation 
of 700 ha of peatland each year. Peat is naturally a source – albeit not one of the oldest – of fossil 
energy, (see De Zeeuw  1978  ) .  
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twenty- fi rst century. We de fi ne this fundamental form of societal relationship with 
nature as the ‘agrarian sociometabolic regime’. In all its regionally speci fi c variants, 
which are dependent upon a variety of biogeographical and societal factors, 2  this 
regime has a range of common features that clearly distinguish it from other socio-
metabolic regimes (such as the ‘hunter-gatherer’ or indeed the ‘industrial regime’). 
The production of available energy is based upon the controlled transformation of 
ecosystems with the aim of increasing the utilisable yield of biomass, i.e. upon the 
colonisation of nature. Labour is invested in redesigning ecosystems and increasing 
the yield of utilisable biomass that can be harvested per unit area. The basic precon-
dition for this form of subsistence is that a positive energy yield ( energy return on 
investment, EROI  3  )  is obtained from agrarian activity: through agrarian land-use, 
signi fi cantly more energy in the form of biomass must be produced than is expended 
in the form of human labour (and prerequisite energetic expenditure such as nutrition in 
particular). It has been estimated that in Central Europe before the beginning of 
industrialisation in the agrarian economy, an EROI of c. 10 to 1 was achieved (Leach 
 1976 ; Krausmann  2004  ) . Any surplus may be used to supply the non-agrarian 
sectors of society – that is, to provide nutrition and fuelwood for the inhabitants of 
cities and those inhabitants not taking part in agrarian activities, as well as feed for 
draught animals that have to transport all this material. 

 The higher the surplus, the more complex the possible societal structures become. 
However, this surplus is never particularly high, since a system must be very well 
organised for the work of ten farm families to be able to sustain more than 1–2 other 
households (such as aristocratic landowners, craftspeople or of fi cials). The reaction 
under the agrarian regime to an increase in food demand, which is usually caused 
under agrarian conditions by population growth, initially involves expanding the 
area dedicated to agrarian production – and this may often lead to attempts to cap-
ture new territories. As a last resort, where land is scarce and territory limited, the 
option remains to apply a greater investment of labour to the same land area with 
the aim of achieving a greater yield, in other words, the intensi fi cation of land-area 
use. However, the yield per invested hour of labour declines as intensity of use 
increases and asymptotically approaches a physical limitation, from which point 
there is no bene fi t to be achieved by further intensi fi cation. In other words, growth 
is possible, but leads to a diminishing marginal utility of labour. When this limit is 
reached, we  fi nd the ‘typical’ picture of agrarian societies, in which the majority 
of the population, including children, performs demanding physical work on a con-
tinuous basis, while still suffering from shortages of essential resources. This logic, 
which the anthropologist Esther Boserup  (  1965,   1981  )  has studied on a worldwide 
basis and of which she provides a detailed description, represents a fundamental 

   2 The local characteristics of agrarian subsistence types depend partly on the distribution of precipi-
tation and temperature through the year, on population density and the available labour resources, 
as well as on forms of governance and land ownership. Thus the appearance of pre-industrial agrarian 
societies differs widely, ranging from simple shifting cultivation and nomadic herding to complex 
and differentiated societies based on farming with and without livestock, irrigation or crop rotation.  
   3 On the concept of EROI, see Hall et al.  (  1986 , 28).  
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limitation upon societal development based on agrarian regimes: as a rule, growth 
in this regime eventually leads, despite progress made regarding methods of husbandry 
and plant cultivation, to the stagnating or even diminishing availability of per capita 
material and energy resources. 

 An additional limit to growth results from constraints on transportation. Overland 
transportation relies on the physical work of humans or animals, 4  is costly in energy 
terms and is only pro fi table for bulk raw material over distances of a few kilometres. 
Biomass is a decentral raw material with low energy density and is thus particularly 
affected by this transport limitation. Bulk raw materials can only be transported for 
longer distances where waterways are available. In the agrarian regime, the growth 
of cities is therefore subject to strict limitations and larger urban centres can only 
develop along rivers or coastal areas with a fertile agrarian hinterland. Furthermore, 
the lack of possibilities to transform heat energy into mechanical work limits the 
degrees of freedom: mechanical work can only be performed through the physical 
work of humans, animals and water/wind energy and the productivity that was 
thereby attainable remained relatively low. 5  Altogether, the size and structure of 
societal metabolism and its spatial differentiation were subject to limitation through 
the controlled solar energy system: in Europe before the beginning of the Industrial 
Revolution, between two and four tonnes of raw material and 30–70 gigajoules (GJ) 6  
of primary energy were appropriated per capita and year, whereby biomass accounted 
for over 80% of all material and 95% of all energy inputs: as food for human 
population, livestock feed and wood for construction and fuel. Regional differences 
in metabolism were related in particular to the varying relevance of holding livestock 
and climatic conditions. 7  

 Although agrarian societies have the potential to be ecologically sustainable in 
energetic terms, since they make use of renewable  fl ows and do not consume 
exhaustible resources, the reliance of the agrarian regime upon a massive transformation 
of nature is associated with risks and leads to a range of speci fi c environmental 

   4 It is important to bear in mind that it makes no energetic or economic sense for draught animals 
and the people working with them to require more foodstuff for the transport route (and return 
journey) than they can carry. They can thus only transport either very valuable goods, which can 
be exchanged in terms of weight equivalent for large quantities of nutrients, or foodstuff for short 
journeys. It must also be considered that additional cultivated land is required for these animals and 
people in order to feed them, which also means the distances which have to be travelled increase 
too (see Sieferle  1997 , 87), (Fischer-Kowalski et al. 2013, Chap. 4 in this volume).  
   5 One should imagine that a Pharaoh with 2,000 labourers to build the pyramids had little more 
capacity at his disposal than a worker would today using a larger road construction machine.  
   6 One Joule represents 0.24 cal and is a very small unit. Commonly derived units like megajoule 
(MJ) = 10 6  J, gigajoule (GJ) = 10 9  J and exajoule (EJ) = 10 18  J are used. Adequately feeding a human 
being requires approximately 10 million Joules (MJ) per day. The energy content (calori fi c value) 
of wood is roughly 15 MJ/kg, that of coal 20–30 MJ/kg and that of petroleum 45 MJ/kg.  
   7 The highest biomass conversion rates are seen in pastoral societies with a very high per capita 
livestock holding and the lowest are recorded in societies whose means of subsistence relies 
predominantly on human physical work and plant-based diets (for example in the rice-cultivating 
societies of south and southeast Asia).  
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problems. In most regions, deforestation was a precondition for the spread of 
agriculture: In England, for example, only a small percentage of land area was still 
forested before the industrial revolution and in central Europe more than 50% of the 
forested areas were cleared between 900 and 1900 (Bork et al.  1998 ; Darby  1956  ) . 
Changes in land cover and use bring with them changes in water and nutrient cycles 
and are often connected with soil degradation and erosion (see for example the 
extensive anthropogenic, i.e. man-made, karst formation in the Mediterranean 
region). The transformation of the ecosystem leads to changes in fauna and  fl ora and 
the human-induced transfer of plants, livestock and parasites has many unwanted 
side-effects (for example, see Crosby  1986  ) . The close contact with livestock 
encourages the spread of parasites and infectious diseases and in cities, water and 
air become polluted. However, these environmental problems only had a regional 
character and they were frequently triggered or enhanced by natural processes such 
as extreme weather phenomena. Thus societal policies aimed at avoiding such problems 
included portfolio strategies, i.e. relying on diversity instead of specialisation, and 
underexploitation of available resources (Müller-Herold and Sieferle  1998  ) . 

 However, a decisive factor for the sustainability of agrarian societies was whether 
they managed to obtain a balance between population and soil fertility and with this, 
the relative stability of agricultural yields in the long term. With regard to population, the 
cultural (and legal) regulation of families and reproduction served to further 
this aim. Restrictions on marriage and sexual taboos (e.g. strict penalties applied to 
pre- and extra-marital sexual activity of women in particular) are characteristic of 
all agrarian societies (see for example Harris and Ross  1987  ) . Merely stabilising, 
not to mention increasing per capita food yields in a form of agriculture that is 
entirely dependent on internal and biological means of production is a dif fi cult under-
taking and one that has not always been successful: soil degradation, deserti fi cation 
and, in some cases, the collapse of social structures, were all outcomes of failed 
attempts to operate agricultural systems or of an imbalance between population and 
the capacity of an agrarian system (Diamond  2005 ; Tainter  1988  ) . In the three- fi eld 
crop rotation system, which was widespread in central Europe at the beginning of 
the nineteenth century, the stabilisation of levels of important plant nutrients was 
achieved through a complex and labour-intensive system of  fi eld crop rotation that 
provided for fallow land, collection and spreading of animal manure and foodstuff 
transfers from woodland and grassland to arable land (Mazoyer et al.  2006 , see also 
Cusso et al.  2006 ; Krausmann  2004  ) . 

 A further global sustainability problem, however, remained completely unnoticed 
by agrarian societies and indeed in a regional sense they even bene fi ted from this. 
The metabolism of agrarian societies is essentially based upon carbon: hydro-
carbons, proteins and vegetable oils constitute the basis for nutrition and energy 
supply. Globally speaking, this metabolism remains within the framework of existing 
biogeochemical cycles, since the carbon that is released into the atmosphere through 
digestion and combustion processes (CO 

2
  and other compounds) will be reabsorbed 

in the course of new vegetation growth. However, in practical terms this is only 
partly the case. Deforestation of original woodland vegetation releases large quantities 
of carbon, whereas the plants that are preferred in agriculture (largely grasses) store 
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much less carbon in their plant mass and often also in soil than forests. Thus the 
spread of agrarian societies involving the loss of forested land has led to an accumu-
lation of CO 

2
  in the atmosphere that is not insigni fi cant. It is estimated that 30–50% 

of the CO 
2
  enrichment of the atmosphere today can be traced back to changes in 

vegetation. 8   

    15.3   The Coal Phase of the Metabolic Transition, 
or the English Success Story from 
the Mid-Seventeenth Century 

 A process began in England in the seventeenth century, whereby increasing use of 
coal led to the development of a new energy system. This energy transition was 
characterised by a shift from the use of energy  fl ows with low power density in the 
form of biomass that is regrown annually to the exploitation of large-scale energy 
deposits that had accumulated over geological eras and which existed in concentrated 
form as coal, with a high power density (Smil  2003  ) . Initially, coal was used solely 
as an often quite unpopular fuel for stoves in the households of manufacturing workers 
in urban centres, whose increasing requirements could not be supplied by fuelwood 
alone. In England coal supplies were to be found close to these centres and coal 
could also be transported at low cost via waterways. These densely populated manu-
facturing centres had come into existence because, as early as the seventeenth 
century, the English owners of large estates found it more pro fi table to use their land 
for the production of raw materials for the textile industry than to produce foodstuff 
for a rural population which, in their eyes at least, was seen as partly expendable. 

 By 1800, 900 kg of coal per capita and year were already being used in England 
(Fig.  15.1a ). This was a completely new development path worldwide and – as 
England’s rapid economic upsurge showed – one that promised great success. 
England’s share of global coal extraction in 1800 was about 90%, of which a not 
insigni fi cant amount was exported to other European countries, which in turn soon 
began to recognise the advantages of a coal-based economy. In quantitative terms, 
however, large parts of the rest of Europe, the USA and Japan, together with all 
other regions of the world, remained dependent to the greatest possible extent upon 
the agrarian sociometabolic regime and relied almost entirely on biomass as raw 
material and energy source. It was not until 1850 that the energy transition appeared 
in other European countries and per capita coal consumption also increased rapidly 
in Germany, France and the USA (Fig.  15.1a ). In leading industrial nations such as 
Germany and the USA, a consumption level of 1,000 kg/capita and year was already 
surpassed by 1870, whereas in most other European countries, such as France and 
Austria, this occurred at a signi fi cantly later date. Late developers such as Japan and 
Russia/USSR only began to use larger quantities of coal after the beginning of the 

   8 There has even been speculation that this has hindered the statistically foreseeable development 
of a new ice age (see Ruddiman  2003 ; Prentice et al.  2001  ) .  
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twentieth century. During this phase, the metabolic transition was largely limited to 
Europe, Japan and the USA. In 1900, over 70% of coal extracted globally was used 
by only four countries: England, France, Germany and the USA. In nearly all other 
world regions, by contrast, regional urban-industrial centres at most were affected 
by this metabolic transition. Accordingly, the average per capita coal use remained 
negligible in countries such as India, China or Brazil even at the beginning of the 
twentieth century, comprising far less than 100 kg per capita and year. Indeed, the 
European countries that were in the process of industrialisation had an active interest 
in using colonialism to ensure that other world regions played a role as suppliers of 

0

1000

2000

3000

4000

5000

17
50

17
70

17
90

18
10

18
30

18
50

18
70

18
90

19
10

C
oa

l u
se

 in
 t/

ca
p/

yr

UK
France
Germany
USA
Japan

0

100

200

300

17
50

17
70

17
90

18
10

18
30

18
50

18
70

18
90

19
10

P
ig

 ir
on

 p
ro

du
ct

io
n 

in
 k

g/
ca

p/
yr

0

50

100

150

200

18
20

18
30

18
40

18
50

18
60

18
70

18
80

18
90

19
00

19
10

R
ai

lw
ay

 n
et

w
or

k 
in

 m
/k

m
²

0

400

800

1200

17
50

17
70

17
90

18
10

18
30

18
50

18
70

18
90

19
10

A
re

a 
in

 1
00

0 
km

²

Territory of UK

Coal use as virtual forest area

a b

c d

  Fig. 15.1    The development of coal use ( a ), pig-iron production ( b ) and the railway network ( c ) in 
selected countries from 1750/1830 to 1910 and coal use in the United Kingdom (UK) as virtual 
forest area ( d ) (Datasources: Authors’ calculations based on Mitchell  2003 ; Maddison  2008 ; 
Schandl and Krausmann  2007  ) . To convert coal use into virtual forest area ( d ), it was assumed that 
a quantity of fuelwood with the equivalent energy content to the coal used can be provided through 
sustainable forest management (i.e. through the use of annual growth and not standing timber 
mass). The forest area required to produce this volume of fuelwood is presented as a virtual forest 
area. Accordingly, by 1900, coal use in the United Kingdom represented a forest area  fi ve times the 
size of the entire country       
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cheap agricultural products and other raw materials, as well as outlet markets for 
growing industrial production and certainly not in allowing them to participate in 
industrial development themselves (see further discussion on this theme below).  

    15.3.1   Coal, Steam Engines, Steel and Railways 

 The Industrial Revolution and the dominance of the new energy system were very 
closely linked to the establishment of a new technology complex, characterised by 
the cooperation and positive feedbacks between coal, steam engine, iron and steel 
production, and the railway (Grübler  1998 , 207). The stationary steam engine was 
 fi rst used as a pump in coal-mines and enabled the exploitation of deeper coal reserves 
and reduced the costs of coal extraction. Conversely, the use of coal enabled iron 
production to be greatly increased and, from 1870, high-quality steel to be manufac-
tured. The steam engine together with large quantities of iron and later steel made a 
transport revolution possible, by means of the railways and steamship transport. 

 The development of coal consumption, pig-iron production and the railway 
networks during the nineteenth century (Fig.  15.1 ) underlined the leading position 
of the United Kingdom and the process of catch-up experienced by latecomers such 
as Germany and the USA – who only achieved the same degree of industrialisation 
as the United Kingdom by the beginning of the twentieth century. Between 1840 
and 1860, a rapid expansion of railway networks began in several countries. Rail 
and, to an equal degree, steamship transportation made the large-scale separation of 
population segments producing foodstuffs and increasingly large population 
segments requiring these foodstuffs as the basis for other, i.e. industrial, production 
processes possible for the  fi rst time in human history. This meant that for the  fi rst 
time ever, there was no immediate limitation upon the growth of urban centres (see 
Krausmann 2013, Chap. 11 in this volume). 

 Steam engines enabled the conversion of coal into mechanical power. This led to 
a dramatic increase in the available power compared to the previous regime. The 
possibility of extracting, transporting, processing and consuming materials under-
went radical change and as a result an entirely new form of societal metabolism 
came into being: in addition to biomass, huge quantities of coal, construction 
materials and ores were extracted and processed. In the United Kingdom, materials 
used, for example, increased between 1750 and 1900 from 60 to 400 million tonnes 
per year. Population growth during this phase happened at a somewhat slower pace 
as the increase in material and energy use. For the  fi rst time in history, there was a 
rapidly growing demand for non-agricultural workers: The mechanical performance 
of large coal-powered machines created the conditions that produced immense 
numbers of jobs required for  fi nal manufacturing. During this phase, although there was 
a rise in per capita material and energy consumption, this did not produce an 
increase in mass prosperity but was channelled instead into the expansion of the 
factory system and into exports. Meanwhile, the environmental conditions experi-
enced by city dwellers worsened noticeably. 
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 In his study of global environmental history in the twentieth century, John 
McNeill refers to Charles Dickens in describing this phase as the  Coketown  period 
(McNeill  2000 , 296): distinguishing features were growing urban industrial regions 
with smoking chimneys, acrid smog, contaminated watercourses, grim working-
class districts and slums. The growing material and energetic input into the economic 
system was accompanied by equal increases in poisonous gas and soot emissions 
and in the formation of ef fl uents and waste materials. This led to new types of envi-
ronmental problems and, above all in the high-density industrial and urban centres 
with their concentrated use of resources, produced a degree of pressure upon the 
surrounding ecosystems and quality of life that had never been experienced before. 
The extreme smog phenomena that occurred in London during the nineteenth and 
twentieth centuries and that involved extraordinarily high levels of soot and sulphur 
dioxide with immediate danger to health have been well-documented (Brimblecombe 
 1987  ) . During this phase, air and water pollution and the hygiene and health problems 
associated with this developed into serious and in part trans-regional environmental 
problems with a stark effect upon the health of city dwellers. Measures such as the 
construction of high chimneys and canal networks diverted or diluted the problematic 
substances, but were only able to lessen their local impact somewhat.  

    15.3.2   The Emancipation of the Energy System from Land Area 

 Coal represented a  fi rst important step towards emancipating the energy system 
from the land area and removing traditional limitations on economic growth. Rolf 
Peter Sieferle  (  2001  )  coined the vivid phrase of the “subterranean forest” for this 
phenomenon. He showed that by 1850 the energy (calori fi c value) contained in the 
amount of coal that was combusted annually in the United Kingdom had already 
reached the equivalent of the fuelwood that could be produced from a virtual forest 
area the size of the entire country. By 1900, this had risen to the area equivalent 
of a subterranean forest covering four times the land area of the entire country (see 
Fig.  15.1d ). This means that in order to maintain a societal metabolism at the same 
level, the United Kingdom would have required a territory four times greater than 
its actual land area, and one that was entirely covered with forest. 

 However, coal use did not remove all the limitations of the solar energy system. 
A very profound reliance upon the area-dependent resource of biomass remained in 
place: the need for nutrition. The early industrialisation period was connected with 
a marked increase in population. In England, for example, the population more than 
doubled between 1750 and 1900 and inhabitants, including women and children, 
were also employed in non-agricultural production. Access to more (technical) 
energy had not in any sense replaced human physical work, but in fact had increased 
the demand for this. In a similar way, the railway did not replace the need for draught 
and working animals but instead the opposite was true: the wide-meshed network of 
railway lines in combination with the increase in transported goods and people led 
to an increased demand for working animals for distribution services and regional 
transport. Stocks of draught animals grew continuously into the twentieth century. 
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While coal did indeed provide a substitute for fuelwood, more timber than ever 
before was required for building the railways and for the emerging paper industry. 
Altogether, the demand for biomass grew paradoxically alongside the transformation 
of the energy system, in order to feed people and animals and to supply new industries 
with raw material. At the same time, the potential for expanding the cultivatable 
area was largely exhausted and the means of raising area productivity were limited. 
The most important limitation was the chronic shortage of fertiliser. Although mineral 
fertilisers such as guano, Chile saltpetre or superphosphate were increasingly used 
in agriculture by the end of the nineteenth century, the volumes employed were 
low and limited to special crops such as oranges or tobacco, and the supply of plant 
nutrients for most of the cultivated land still had to rely on farm-internal means 
(manure, leguminous crops, etc.). Thus a fundamental limitation upon traditional 
agriculture remained in place, which, in spite of successful biological innovations 
such as new cultivated plants and new land-use practices, for example in England, 
where these innovations were certainly implemented early on, led to stagnating 
grain yields in the nineteenth century. The import of foodstuffs from overseas colo-
nies or from the USA (which had after all shaken off its colonial status) and Russia 
was therefore necessary (Krausmann et al.  2008b  ) . 

 In the USA a completely different development took place: a rapidly growing pop-
ulation, but an extremely low population density of only two persons per km 2 , meant 
that with the expansion of the railway system huge swathes of fertile prairie land could 
be cultivated for food production. Within a few decades of homesteading, over 100 
million hectares of high quality agricultural land were gained in the midwestern USA 
between 1850 and 1920, after the indigenous peoples with their extensive land-use 
practices had been violently expelled (Cunfer  2005  ) . The nutrient-rich soils of the 
Great Plains allowed for high initial yields to be achieved with little labour input. The 
labour productivity of this system of agriculture was extraordinarily high and enabled 
a small rural population to supply the densely-populated urban centres on the coasts 
as well as to export large quantities of foodstuffs to Europe. By around 1880, the USA 
was already exporting over four million tonnes of grain, providing basic nutrition for 
over 20 million people (Krausmann and Cunfer  2009  ) . 

 This development too was closely associated with the technology cluster of the 
 Coketown  era. It depended upon the expansion of the railway system and steamship 
transportation, the supply of the local population in the treeless plains with their 
harsh climate with energy in the form of coal and the opportunities represented 
by high-quality machines produced from steel for the mechanisation of working 
processes in agriculture.   

    15.4   Oil and the Car: The USA’s Success Story from 1900 

 Not only the agrarian productivity of a pioneer country but also another resource – 
oil – positioned the USA to become the leading nation during the next phase of the 
industrial transformation. Like coal, oil was not a new resource. It had been used by 
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humans for many centuries, but only in very small quantities, for example for lighting 
purposes in lamps. But the great oil boom began around only 1900 with the discovery 
of large oil  fi elds in Spindletop, Texas. Oil production in the USA rose during the 
 fi rst three decades of the new century from under 10 to 140 million tonnes per year. 
Before the world economic crisis at the beginning of the 1930s, more than 1.2 tonnes 
of oil per capita and year was being extracted. The USA dominated global oil 
production throughout the  fi rst half of the twentieth century, much as England had 
previously achieved with coal. Only after the Second World War did the exploitation 
of huge reserves in western Asia begin, forcing the USA out of its previously 
dominant position on the world markets. Oil has a still higher energy density than 
coal, is cheaper to extract and, given the right infrastructure, can be easily and 
cheaply transported. Of all the various options, oil is thus in many ways an ideal 
energy resource. 

 However, in contrast to coal, reserves of oil (and natural gas) are distributed very 
unevenly across the planet. The industrial countries in Europe that had been so 
successful thus far possessed only minor exploitable oil reserves and had to  fi rst 
build up capital-intensive distribution networks, such as pipelines, oil tankers and 
re fi neries, in order to be able to use this resource, whereby part of the pro fi ts of 
industrial production were channelled to other world regions (initially to the USA 
in particular). In this way, the use of oil brought with it new geopolitical power rela-
tions that were quite new. 

 A new technology cluster emerged with the use of oil as an energy resource. 
McNeill termed the combination that was created from oil together with the com-
bustion engine, automobile and airplane, the (petro)chemical industry and  fi nally 
electricity the  Motown Cluster , after the centre of the US automobile industry (the 
 Motor Town  Detroit) (McNeill  2000 , 297). The mobile combustion engine, employed 
in cars and airplanes, brought with it the individualisation and speeding up of human 
and goods transport, which triggered a new transport revolution. And with electricity, 
a new and universally applicable form of energy became available, which enabled 
the mechanisation of numerous technological processes via the electric motor. 
As with biomass during the  fi rst phase of transformation, during the second phase 
coal was also not completely replaced as a source of energy but remained the basis 
for steel production and thermal electricity generation. Nonetheless, coal consumption 
in the USA had already reached its historical peak by 1920 and in European 
countries several decades later, with consumption beginning to sink rapidly thereafter. 
In contrast, the share of total energy  fl ow worldwide represented by oil rose within 
just a few decades to nearly 50% (see Fig.  15.2 ).  

 The economic context for the establishment of the new energy system in the 
USA constituted a combination of cheap energy, assembly line production and 
rising incomes among the working class, which is de fi ned in the literature as  Fordism  
and which heralded the era of mass production and mass consumption (von Gottl-
Ottlilienfeld  1924 ; Grübler  1998  ) . The new technologies found application in 
affordable goods suitable for the masses and now households too bene fi ted from 
rising levels of energy and material consumption, with their material well-being rising 
dramatically. The key material- and energy-intensive products during this phase 
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were the automobile, central heating, electrical household equipment and meat. 
These products became affordable and their consumption expanded comprehensively 
within a few decades across all social strata. The  American way of life  thus came 
into being. In Europe and Japan, this dynamic (partly driven by American economic 
aid) established itself fully only after the Second World War and then led to a per-capita 
doubling of annual energy and material consumption (and of course of the con-
comitant waste products and emissions too) within 25 years. The Swiss environmen-
tal historian Christian P fi ster coined the term ‘1950s’ Syndrome’ to describe this 
unprecedented growth dynamic in societal metabolism. P fi ster showed that in Europe 
in the decades following World War Two until the oil crisis of the 1970s, a fundamental 
transformation of society-nature relationships took place (P fi ster  2003  ) . Three 
socioeconomic factors made a decisive contribution to the rapid establishment of 
the new sociometabolic regime: on the one hand, energy prices sank signi fi cantly 
relative to the price of other goods, so the importance of energy as a cost factor 
diminished. On the other hand, state-run infrastructure programmes and interven-
tion measures drove forward the expansion of the pipelines and electricity networks 
and helped to create the transport infrastructure that was required. 9  Thirdly, the new 
broad-based, state-run welfare system (introduced by Roosevelt in the USA in the 

   9 In the context of the  New Deal , a million km of highways and 77,000 bridges were constructed in 
the USA in the 1930s and the country was eventually covered by a comprehensive motorway system 
from 1956, with help from the Federal Highway Aid Program.  
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  Fig. 15.2    The establishment    of new energy sources in the United Kingdom (1750–2000) ( a ) and 
worldwide (1850–2005). ( b ) In this diagram, the share of total primary energy supply represented 
by the three fractions biomass, coal and oil/natural gas (including other energy forms) is depicted. 
The biomass fraction includes all biomass used as food for humans and livestock and biomass used 
for all other purposes, together with fuelwood (Data sources: Authors’ calculations based on 
Schandl and Krausmann  2007 , 97 (United Kingdom) and Krausmann et al.  2009 ; Podobnik  1999 ; 
IEA  2007  (World))       
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framework of the  New Deal  in the 1930s and in the rest of Europe after the Second 
World War) helped to secure the income of the majority (Lutz  1989  ) . In Europe, it 
was the reconstruction after the Second World War and the  European Recovery 
Program  (Marshall Plan) that drove this rapid establishment forward. Altogether, 
the 1950s Syndrome produced a catch-up development and the dissemination of the 
 American way of life  in Western Europe, Canada, Australia and Japan. Most other 
regions of the world and thus the majority of the world’s population remained initially 
unaffected. 

    15.4.1   The Automobile 

 The automobile is one of the most important factors in the transformation of societal 
metabolism in the twentieth century. It provided the basis for a further transport 
revolution: At several 1,000 m per km 2 , the density of the road network was greater 
than that of the rail network by one or two orders of magnitude; draught animals 
thus became completely redundant as delivery agents to centralised networks. 
After the Second World War, the  fl eet of motorised vehicles in industrialised countries 
grew rapidly. Already by 1970, there were between 250 and 350 vehicles for every 
1000 inhabitants in many European countries, an in the USA, this  fi gure was even 
twice as high (Fig.  15.3a ). The affordable automobile made comprehensive access 
to individual transport possible for the  fi rst time and automobile production became 
the most important sector of industry and thus crucial for the economic establish-
ment of the new system. This system of transport causes both directly and indirectly 
enormous material and energy  fl ows in its production and daily operations (Freund 
and Martin  1993  ) : per automobile, up to 30 tonnes of materials are used for the 
manufacturing process. As late as the 1990s in the USA, 10–30% of all metals used 
and two-thirds of rubber production were used by the automobile industry. 
Furthermore, the construction and maintenance of the requisite transport infrastruc-
ture consumes material and energy. Per kilometre of motorway, 40,000 tonnes of 
cement, steel, sand and gravel are required and the area used for road building is 
10–15 times as great as that required by the railway. In this phase, the transport sec-
tor replaces industry as the greatest direct consumer of energy. The fuel consump-
tion of the vehicle  fl eet becomes, along with the energy requirement for space heating, 
the greatest single factor in the societal energy consumption of industrialised 
countries.   

    15.4.2   Electri fi cation 

 Electricity had already been used commercially since the late nineteenth century. 
Electricity generation is not dependent on a speci fi c primary energy source. It was 
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 fi rst generated using hydro-power, then in thermal power stations using coal and 
later oil, gas or waste products, and from the 1960s onwards, also in nuclear power 
stations. Starting in the USA, comprehensive electri fi cation became one of the fun-
damental prerequisites for industrial development and high general standards of 
living in the twentieth century. The demand for electricity is constantly on the rise, 
with the increase being coupled directly with economic growth. In all industrialised 
countries, a continual increase in demand can be observed to the present levels of 
8–10 MWh per capita and year (see Fig.  15.3b    ); in the USA, however, electricity 
consumption is double this level. Electricity generation requires huge amounts 
of energy, whereby up to 60% of the primary energy is lost in conversion and 
transmission. In industrialised countries, 20–25% of the total primary energy 
consumption is used for electricity generation. Individual countries take different 
paths in this respect and according to their resource endowment rely on hydro-
power (Austria, Sweden), nuclear energy (France) and most frequently on coal (this 
applies particularly in the case of newly-industrialised countries such as China or 
India). Two-thirds of the current global coal extraction is used for thermal power 
stations. All technologies have their own speci fi c negative impact on the environment: 
Hydro-power represents an intervention in ecosystems and, at least in industrial 
countries, there are only a few remaining river systems that have retained their natural 
condition; thermal power stations make a signi fi cant contribution to global CO 

2
  

emissions; nuclear energy is associated with signi fi cant risks (major accidents in 
Three Mile Island, 1979, in the USA; Chernobyl, 1986, in Ukraine) and the unsolved 
problem of storing long-term radioactive waste. Today, approximately 15% of elec-
tricity is produced using nuclear power, with three nations – the USA, France and 
Japan – accounting for 56% of the total capacity. 

 Electricity is universal, convenient to employ and can be used to create lighting, 
heating or to perform mechanical activity. The electric motor allows the mechanisation 
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of extremely dif fi cult processes. It has revolutionised the time expended in household 
activities through the spread of equipment such as washing machines, dishwashers 
and vacuum cleaners and has allowed a far-reaching decoupling of physical work 
from production processes in industry. Finally, transistors and computer chips have 
created a revolution in information and communication technology (telephone, 
television and computer technology).  

    15.4.3   The Green Revolution 

 As shown, in the nineteenth century the USA was able, thanks to its highly productive 
form of agriculture, to effectively compensate the weaknesses of the English trans-
formation model (i.e., dif fi culties in producing suf fi cient food for a high-density 
and growing population) and to turn this to its advantage. However, it became clear 
that this level of agricultural productivity had no long-term potential and indeed 
after only a few decades, it ran up against massive ecological limitations: the 
combination of large land area with a low investment of labour was only possible 
because the prairie soil then being ploughed up for the  fi rst time contained huge 
reservoirs of plant nutrients accumulated over a long historical period. These reser-
voirs, however, quickly began to deplete in the  fi rst decades of ploughing. The yields 
began to decrease and enormous problems with erosion appeared (Cunfer  2005  ) . 
In a situation where oil could be obtained cheaply, it was possible, with a bundle of 
technologies coupled to this new energy source, to create a new and successful 
agricultural model. The tractor allowed for the substitution of all animal and a large 
proportion of human labour in agriculture, much as the motor saw raised the speed 
of tree-felling in comparison with the axe by a factor of 100–1,000 (and thus enabled 
the rapid deforestation of the rainforests). On the other hand, the agrochemical 
industry, based on petroleum and natural gas, helped to lift the chronic limitations 
on plant nutrients from which agriculture was suffering. From the 1920s onwards, 
huge amounts of atmospheric nitrogen were made available for agricultural use using 
the Haber-Bosch process, which requires a high energy input (Smil  2001  ) . The average 
nitrogen application in crop farming increased to several 100 kg per hectare as a 
result. Together with industrial potassium and phosphate fertilisers, pesticides and 
successes in plant and livestock breeding area yields and labour productivity in 
agriculture were multiplied within a very short space of time (Grigg  1992  ) . 

 Starting in the USA and disseminated by agricultural companies active on the 
global market, these new agricultural methods were distributed around the world 
under the term ‘the green revolution’. 10  They found application in Europe after the 
Second World War, as a result of which the proportion of the population engaged in 

   10 The term  green revolution  was  fi rst coined in 1968 by William S. Gaud, the director of the United 
States Agency for International Development USAID (see also Leaf  2004  ) .  
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agriculture fell to 5% or less. The ‘green revolution’ also took hold in large sectors 
of agriculture in the southern hemisphere and helped create the conditions in which 
global food production was able to keep pace with the quadrupling of the world 
population in the twentieth century. 

 The industrialisation of agriculture led to a massive transformation of the agrarian 
landscape, which had to be rendered suitable for machine activity, and this led to a 
range of speci fi c environmental problems: Large-scale  fi elds were created from 
which all hedgerows and even many geo-morphological aspects of the terrain that 
presented obstacles for mechanisation were removed. Farming with heavy machinery 
encouraged the compaction and erosion of the soil, and large-scale monocultures 
required a high level of agrochemical use, which had a negative impact on soil and 
groundwater. Furthermore, the position of agriculture in societal metabolism and 
the energy system changed fundamentally. Industrialised agriculture requires a high 
energy input and today, more energy is invested in agricultural production than is 
thereby obtained in the form of food. This is partly due to the large quantity of high-
quality agricultural produce that is fed to livestock. In general, agriculture has 
been altered during the course of the sociometabolic transformation from being the 
most important source of useful energy to becoming an energy sink (Pimentel and 
Pimentel  1979  ) . With the industrial transformation, society has made itself dependent 
on abundant external energy sources for the most important part of its metabolism, 
namely the feeding of its population. 

 In spite of this, the ‘green revolution’ created the conditions for a new relationship 
between the industrial centres and the global periphery. It shrank the need of densely-
populated European countries for colonial territories (a need that had anyway never 
formed part of the development model emanating from the USA). Under the clear 
political and military leadership of the USA, the  fi rst priority was to head off any 
danger of a planned economy, socialism or state capitalism developing and to establish 
the worldwide dominance of the western capitalist economic model.   

    15.5   What Next? The Limits of the Industrial Transformation’s 
Dynamic Since the 1970s: Present and Futures 

    15.5.1   The Beginning of the End for the US-Dominated 
Oil Regime? 

 At the beginning of the 1970s in the USA, the world’s  fi rst civilian mainframe 
computer produced a complex simulation model for the global relationship between 
societal and economic dynamics with its natural causes and consequences, under 
the provocative title  The Limits to Growth  (Meadows et al.  1972  ) . The plausibility 
of the results of this study by Dennis and Donella Meadows was underlined the 
following year by the so-called  fi rst oil price shock for the world economy. In reaction 
to the Yom Kippur war, the OPEC countries restricted their oil supplies and from 
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one day to the next, the price of oil rose from 3 to 5 dollars per barrel. Further oil 
price crises followed in 1979 ( fi rst Gulf War) and 1990 (second Gulf war). Where 
the USA was concerned, the country had already reached  peak oil  i.e. the maximum 
in terms of domestic oil extraction by 1970/1971, a fact already predicted in 1956 
by M. K. Hubbert (Deffeyes  2001  ) . Thus the USA was increasingly becoming a net 
purchaser of oil instead of creating considerable revenues from oil exports as in 
previous decades – and on top of this, the costly wars waged in the Middle East 
brought no success in terms of securing long-term American control over oil sup-
plies. Furthermore, nuclear power, which had been supported with large-scale 
investment as the new hope for energy supply, failed to match expectations. Not 
only did nuclear energy prove more expensive and its technological development 
slower to develop than expected, it also experienced a set-back at this time with the 
serious accidents  fi rst at the reactor on Three Mile Island (1979) and a few years 
later in Chernobyl (1986). 

 Worldwide, a range of measures were implemented that reduced oil use and 
slowed down the increase in energy consumption signi fi cantly. An abrupt (but short 
term) fall-off in the material and energy consumption of industrialised countries 
and the cessation of the rapid growth of societal per-capita material and energy 
consumption took place (Fig.  15.3a, b ). From that time on through the following 
three decades, the energy and material expenditure of industrialised countries stabi-
lised at a high level and no further convergence between Europe/Japan and the level 
of the USA, where this expenditure level was twice as high, took place. Starting in 
Japan, there was a re-orientation of the key industry of the oil regime, the car industry, 
towards producing smaller and more energy-ef fi cient vehicles. The US car industry, 
however, continued to adhere to its traditional and resource-intensive course until 
the collapse of large parts of this industry during the crisis of 2008. 

 One can interpret the early 1970s, heralded culturally by the worldwide student 
protests of 1968 and militarily by defeat in Vietnam, as a turning point in which a 
long-term sociometabolic regime promoted by the USA and entailing a wasteful 
approach to natural resources began to move towards an end. At the same time, a new 
regime, that of information and communication technologies, was just beginning that 
brought with it the opportunity to satisfy important human needs while using fewer 
resources. If we interpret this period thus, we would have to conclude that at the least 
the USA failed to understand the signs suf fi ciently and despite all its power, attempted 
for several decades thereafter to continue along the  business as usual  path of its 
previous regime. While the USA had the satisfaction along the way of enjoying the 
triumph that came with the collapse of the Soviet empire, 11  the oil regime led to the 
creation of a new and potentially hostile periphery of countries that were pre-
industrial but that had suddenly become extremely wealthy due to their oil reserves, 

   11 From a sociometabolic perspective, the Soviet Union and the countries economically and politically 
connected with it still largely represented the English coal-steel-railway regime, but were nonethe-
less distinguished by a particularly high use of resources together with a low income.  
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and many of whom – an historical coincidence – shared a cultural tradition of pros-
elytising and aggressive religious conviction that turned them against the USA.  

    15.5.2   Metabolism and Environment in the Twenty-First Century 

 Altogether, the second phase of the metabolic transition on a global scale during the 
last 100 years has led to an increase in yearly material  fl ows from 8 to 60 billion 
tonnes, while primary energy consumption has increased from 50 to 480 EJ/year 
(Fig.  15.4c, d ). The fact that societal metabolism has become so much larger is 
partly driven by the pronounced increase in global human population, which roughly 
quadrupled during the same period. A signi fi cant contribution was made, however, 
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by the increase in the volume of per capita material and energy consumption in 
industrialised countries. In mature industrial economies, the average annual mate-
rial  fl ow per capita generally amounts to between 15 and 30 tonnes/year and the 
energy  fl ow to between 200 and 450 GJ/year, while the share of biomass in material 
expenditure is under 30% (Table  15.1 ). The metabolic transition also brought with 
it an enormous diversi fi cation in the materials used. 12    

 Industrial metabolism produced a large number of regional and a range of global 
environmental problems and raised societal dominance over natural systems to an 
entirely new level. At the beginning of the twenty- fi rst century, there are no ecosys-
tems that remain untouched by human in fl uence and many species and ecosystems 
have vanished altogether or are threatened with extinction (Millennium Ecosystem 
Assessment  2005  ) . In the case of many environmental problems, mostly classical 
pollution problems caused by industrialisation and rapid physical growth, techno-
logical solutions could indeed be found, thanks to the rising wealth of industrialised 
nations. Waste disposal systems were installed and problematic substances and toxins 
were removed from circulation or rendered harmless in a controlled way through 
the use of  fi lters, decomposition processes and similar measures. In her book  Silent 
Spring , published in 1962, Rachel Carson had revealed the consequences for health 
and ecology of the widespread use of DDT, a highly ef fi cient insecticide, in agriculture 
(Carson  1962  ) . At the beginning of the 1970s, the use of this toxin was  fi nally banned 

   Table 15.1    Sociometabolic pro fi le of selected countries in 2000   

 GDP per capita 
(income) 

 Material 
use 

 Energy 
use 

 CO 
2
  

emissions 
 Electricity 
use 

 Motor 
vehicles 

 Ecological 
footprint 

 $/cap/
year 

 t/cap/
year 

 GJ/cap/
year 

 tC/cap/
year 

 GJ/cap/
year 

 #/1,000 
Inhab. 

 ha/cap 

 USA  31,618  28  440  5.6  52  761  9.6 
 Japan  23,804  16  202  2.5  31  551  4.4 
 France  23,735  17  252  1.6  29  548  5.6 
 Germany  23,391  20  225  2.7  25  553  4.5 
 UK  22,560  12  214  2.6  24  418  5.6 
 Korea  14,010  15  208  2.5  20  223  4.1 
 Argentina  11,012  22  227  1.0  9  204  2.3 
 Mexico  8,231  15  117  1.0  7  144  2.6 
 Brazil  6,646  16  139  0.5  8  92  2.1 
 China  3,491  7  55  0.6  4  10  1.6 
 India  2,234  6  37  0.3  2  11  0.8 

  Data sources: The World Bank Group  (  2007  )  (Gross domestic product in const. USD for the year 
2000, adjusted for purchasing power parity (PPP)); Krausmann et al.  (  2008a  )  (Material and energy 
use); Marland et al.  (  2007  )  (CO 

2
  Emissions); IEA  (  2007  )  (electricity use); United Nations 

Department of Economic and Social Affairs  (  2004  )  (motor vehicle stocks); Global Footprint 
Network  (  2006  )  (ecological footprint)  

   12 Up to 60 different metals, including extremely rare types, are used in electronic equipment such 
as PCs or mobile telephones. Recycling these components, given the tiny amounts and  fi ne distri-
bution, is impossible in many cases (see Hilty  2008 , 168).  
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(at least in industrialised countries). A further example is acid rain and the forest 
dieback that occurs as a result: sulphur dioxide is released in large quantities by the 
combustion of fossil fuels and leads via the accumulation of sulphuric acid to acid 
rain. In the 1970s, this phenomenon, which was already long-known, played a central 
role in the discourse of environmental politics and it was feared that it would cause 
the large-scale decline of forests and the acidi fi cation of waterways. This led eventually 
to rigid air purity regulations: the use of  fi ltration technologies and de-sulphurisation 
of energy sources became established practice so that emissions were vastly reduced. 
Finally, the hole in the ozone layer became a matter for discussion: only 5 years 
after its discovery in 1985, an extensive ban on the use of chloro fl uorocarbons was 
agreed and implemented internationally, since when the hole in the ozone layer 
has slowly been reduced. In this way, some major environmental problems were 
successfully contained or entirely eliminated – with the newly-developed politics of the 
environment playing a major role in this respect. However, there are certain funda-
mental problems caused by the metabolic transition that environmental politics 
alone are unable to deal with. 

 Altogether, the material  fl ows created by human activity have attained a similar 
scale to the material volumes that are converted by the biogeochemical processes of 
the planet itself: it is estimated that, for example, humankind at the beginning of the 
twenty- fi rst century is appropriating nearly 30% of annual biomass regrowth (net 
primary production) and thus a large portion of the means of existence for all het-
erotrophic organisms (Haberl et al.  2007  ) . Similarly, annual anthropogenic reactive 
nitrogen emissions meanwhile contribute more to  fi xed N to terrestrial ecosystems 
then all natural contributions (Galloway et al.  2008  ) . In response to the increasing 
domination of the earth system by human activities, scientists have begun to speak 
about the era of the Anthropocene (Steffen et al.  2007  ) . 

 This is happening in a situation and at a time in which roughly a billion people 
live according to an industrial metabolism pro fi le, while the remaining  fi ve billion 
aspire to do so and in part exist in conditions of extreme poverty. Table  15.1  shows 
the great differences that exist on a global scale between the sociometabolic pro fi les 
of different countries and exhibits the close coupling between aggregate income 
(measured in per capita GDP) and the indicators given for resource and environ-
mental consumption. Between the wealthy industrialised countries and the poorest 
countries in the world there is a huge difference of between one and two orders of 
magnitude. In general it is the case that the higher the per capita GDP of a country 
is, the greater is its environmental consumption. 

 It was not only the USA that failed to recognise the signs of the times in the early 
1970s – the same may be said of all the other industrialised countries. It has not 
been possible to substitute the old resource-exploiting structures of the industrial 
regime with a new metabolic pro fi le of an information and communications society, 
instead the innovations were merely added on top of the existing system. In this 
sense, the chance to demonstrate a new model of technological and economic 
development to emerging economies that could have offered a high degree of quality 
of life at a far lower ecological cost was missed. Now the dynamic of the relationship 
between society and nature threatens to lead to major crises, if not catastrophes. 
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If the process of catching up, in which currently two-thirds of the world population 
are engaged, involves reaching the present metabolic level of developed industrialised 
countries, even assuming signi fi cant gains in ef fi ciency, this would mean almost the 
tripling of annual resource extraction by 2050. The provision of a growing and 
increasingly wealthy population with suf fi cient food is likely to increase pressure 
on the few remaining untouched ecosystems and will raise land-use intensity on 
cultivated land. With respect to technical energy, a development of this kind means 
a return to coal (see e.g., EIA  2010  ) , a trend that is already ongoing globally and 
that will create high costs or even lead to catastrophe in terms of climate change. 
Concerning freshwater and drinking water reserves, the situation in many regions of 
the world is already dire, with the future hanging by the slender threads of climate 
change. In relation to other resources such as metals and rare earths, competition 
would increase to such an extent that the danger of this leading to military con fl ict 
would rise. The world currently  fi nds itself following precisely this development 
path – and yet also in a global economic crisis that perhaps may enforce a reversal 
of the trend. 

 A political move towards just such a change of direction was attempted with the 
Kyoto Protocol and with the measure to restrict the emissions of the major out fl ow 
of industrial metabolism, i.e. carbon dioxide, on a global scale. CO 

2
  and other so-

called greenhouse gases are responsible for producing an alteration to biogeochemical 
cycles that is unprecedented in human history and that has grave consequences 
for the global climate system. Rising emissions of greenhouse gases are a direct 
consequence of increasing combustion of fossil fuels. Currently a global total of 
over 8 Giga tonnes (Gt) of carbon are emitted, which represents a global per capita 
rate of 1.5 tonnes per year. Figure  15.5  shows the development of CO 

2
  emissions in 

a number of selected industrial and developing countries. The trend in the emission 
rates very closely mirrors the phases of global metabolic transition: the emission 
rate in England in 1750, i.e. in the early phase of the industrial revolution, was c. 0.25 t 
of carbon (C) per capita and year. 13  This had doubled by 1800 to 0.5 t/cap/year and 
by 1850 had doubled again to 1 t/cap/year. The European latecomers and the USA 
reached the 0.25 t/cap/year threshold only by the middle of the nineteenth century, 
but then required far less time to double this to 0.5 and then to 1 t/cap/year.  

 A further race to catch up began in the  fi rst half of the twentieth century, when 
the aspiring industrial nations in Europe (USSR), East Asia (Japan and later also 
South Korea) and Latin America (Mexico) increased their CO 

2
  emissions within 

only two or three decades from 0.25 t C per capita and year to over 1 t/cap/year. 
For the great majority of the world’s countries, however, this process has yet to 
happen: at the beginning of the twenty- fi rst century, large economies such as India 
or Brazil still present very low rates of emissions of under 0.5 t per capita and 
year. Industrialised countries today emit on average 3.5 tonnes per capita and year, 
while all other countries emit less than 0.5 tonnes per capita and year on average. 

   13 Carbon dioxide (CO 
2
 ) emissions are often recorded in tonnes of carbon (C). One tonne of 

C represents 3.67 tonnes of CO 
2
 .  
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To restrict global warming to the required upper limit of plus 2°, it would be necessary 
to reduce average emissions rates per capita to 1.3 t/cap/year (IPCC  2007  ) .   

    15.6   Conclusion 

 At the beginning of the twenty- fi rst century, there are completely different conceptions 
of how to deal with the global ecological crisis – or in some cases the very existence 
of such a crisis is even doubted. Then there is the hope placed in technological 
solutions that might make it possible to continue more or less undisturbed along the 
path of economic growth taken so far. Many people rely on the notion that, as in 
the past, technological  end of pipe  solutions will take effect and hope to  fi nd a way 
of tackling the problem of climate change through what is known as  Geo-engineering  
(National Academy of Sciences  1992  ) : Examples include experiments to increase 
the capacity of the oceans to absorb greenhouse gases through large-scale fertilisation, 
to increase the re fl ection of incoming solar radiation through arti fi cial cloud formation, 
or to capture and store underground emitted carbon dioxide through  Carbon Capture 
and Storage  (CCS) (IPCC  2005  ) . 

 Others count on ef fi ciency gains that enable products and services to be pro-
vided with signi fi cantly lower use of energy and materials, which should in turn 
allow societal metabolism to be decoupled from economic development (Weizsäcker 
et al.  1995  ) . In connection with a way of life that entails lower consumption and the 
use of new and carbon-free sources of energy, from wind power to solar electricity 
and nuclear energy, it should remain possible to have economic growth while 
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  Fig. 15.5    CO 
2
  emissions resulting from combustion of fossil energy sources and cement production 

in selected countries. Data given in tonnes of carbon (C) per capita and year. ( a ) Industrialised 
countries ( b ) Southern hemisphere countries (Source: Authors’ own calculations based on Marland 
et al.  2007  (CO 

2
  emissions); Maddison  2008  (population))       
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simultaneously reducing the pressure on the global climate and the environment in 
general. Finally, there are also more radical ideas that envision a complete renun-
ciation of the established paradigm of growth ( de-growth ) and thus call for a new 
model of society, since this would be the only way to sustain the physical condi-
tions for the living requirements of a growing world population in the longer term 
Jackson ( 2009 ). 14  

 A long-term socio-ecological perspective delivers no clear answer here, but it 
does provide important insights. It becomes clear that the industrial society’s high 
demand for material and energy resources is structurally determined and cannot be 
reduced simply by a more frugal use of resources. In the industrial sociometabolic 
regime, economic development and metabolism are as closely interlinked as it is 
possible to be, and gains in ef fi ciency, although sometimes enormous, have never in 
the past led to a reduction in metabolism but have rather driven further growth 
(Ayres and Warr  2009  ) . Although the historical perspective shows that technological 
solutions have often come into play in the past, it also reveals that these very 
solutions create new types of problems and that a spiral of risk continues to turn. 
Finally, society will have to recognise that physical growth is limited and that it is 
thus more important to decouple the quality of human life from further material and 
energy use. This will not be achieved by means of technological solutions alone but 
rather requires far-reaching changes to be made in society. Such changes will occur, 
irrespective of whether the relevant political and economic actors wish them to do 
so. Those who advocate the concept of sustainable development believe that it 
would be wiser to organise such a change proactively.      
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    16.1   Introduction: A Building Tour 

 In this chapter, we address the challenge of building long-term social-ecological 
research (LTSER) platforms and programmes in urban areas. The motivation for 
addressing this challenge is that there is growing scienti fi c interest, practical need, 
and substantial support for understanding urban and urbanising areas in terms of 
their long-term social and ecological trajectories: past, present, and future. 

 We present this overview of our experiences as a point of reference for other 
ecologists and social scientists embarking on or consolidating LTSER research in 
hopes of sharing what we have learned and stimulating comparisons and collabora-
tions in urban, agricultural, and forested systems. Our experience emerges from 
work with two urban LTSERs: the Baltimore Ecosystem Study (BES) and the 
District of Columbia-Baltimore City Urban Long-Term Ecological Research Area-
Exploratory – DC-BC ULTRA-Ex – project. The two projects partially overlap in 
their geography, but are motivated and structured differently. Hence, this chapter 
bene fi ts from both similar and contrasting experiences. 

 We use the architectural metaphor of constructing and maintaining a building to 
frame the description of our experience with two these urban LTSERs. Considering 
each project to be represented as a building gives the following structure to the 
chapter (1) building site context, (2) building structure, and (3) building process and 
maintenance.  

    16.2   Building Site Context: Historical Origins 
of the Baltimore Ecosystem Study 

 The history of BES is an important thread in the emergence of urban ecological 
science in the United States. Although ecological thinking had been applied to 
American cities by specialists in social sciences, geography, planners, and urban 
designers, these important strands did not have very much empirical input from 
scientists trained in ecology. Urban wildlife ecology had been well developed, and 
there were also empirical studies to assess effects of urban contaminants (Vandruff 
et al.  1994  ) , yard management (Loucks  1994  ) , or urban metabolism (Boyden 
 1979  ) . Calls for concerted action in the 1970s were cogent and forward looking, 
but ultimately they did not fundamentally expand the focus of ecological science 
to cities (Stearns  1970 ; Stearns and Montag  1974  ) . In this relative empirical desert 
BES was established. 

 The roots of BES are in comparative ecological science conducted in the New 
York metropolitan region. Dr. Mark McDonnell, then of the Cary Institute of 
Ecosystem Studies in his role as forest ecologist for the New York Botanical Garden 
(NYBG) in the Bronx, New York, planted a seed which prepared the way for BES 
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and which we believe was crucial in establishing contemporary urban ecological 
science in the US. When he and Dr. Carl White attempted to compare the nitrogen 
metabolism in the old growth forest on the grounds of the NYBG in 1985, they 
discovered the soils to be hydrophobic. Although this phenomenon was known from 
other cities, the  fi nding stimulated McDonnell to broaden his comparison between 
the urban forest and other oak forests on similar substrates but located at greater 
distances from the New York City urban core. Ultimately, this comparison became 
known as the Urban-rural Gradient Ecology (URGE) project, and was advanced by 
interactions with Dr. Richard Pouyat, and an increasingly broad group of ecological 
researchers such as Dr. Margaret Carreiro. 

 With support from the Cary Institute of Ecosystem Studies under the leadership of 
Dr. Gene Likens, a postdoctoral researcher in geography, Dr. Kimberly Medley was 
hired as the  fi rst expert in social structures and processes to join the collaboration. 
The URGE project could soon claim a plethora of  fi ndings concerning soil contami-
nation, nitrogen loading, denitri fi cation, the role of exotic earthworms and different 
fungi, and forest structure along the gradient, for example (McDonnell et al.  1997 ; 
Pouyat et al.  2009  ) . Attempts to increase the scope of the study by adding social 
science and economic collaborators beyond the expertise provided by Medley met 
with little success, due perhaps to limited interactions at the time between the social 
sciences and ecological sciences in general, and to the high level of prior commitment 
that characterised the social scientists McDonnell and colleagues approached. 

 In 1993, McDonnell became director of the Bartlett Arboretum, the Connecticut 
State Arboretum. Research on the New York metropolitan URGE project began to be 
carried out in diverse institutional homes of the established collaborators and as 
graduate students and post-doctoral associates moved on to other positions. Continued 
efforts to establish working relationships with social scientists bore fruit when Pouyat 
introduced McDonnell and Steward Pickett to his colleague in the USDA Forest Service, 
Dr. J. Morgan Grove, and through him to the social ecologist Dr. William R. Burch, 
Jr., from Yale University’s School of Forestry and Environmental Studies and to their 
decade long research project in Baltimore, Maryland (Grove and Hohmann  1992  ) . 
The desire of Grove and Burch to familiarise the ecologists with their social science 
research and community engagement resulted in a  fi eld trip to Baltimore. It became 
clear that these social scientists had established extensive social capital, including 
“street cred” in Baltimore. Their social networks with communities, action-oriented Non-
Governmental Organisations (NGOs), and key environmentally relevant Baltimore city 
agencies were a precious and site-speci fi c resource. If the desire to increase integra-
tion between biophysical science and social science were to be ful fi lled, Baltimore 
seemed to be an ideal place to realise that goal. Pickett’s position permitted him the 
freedom to pursue funding opportunities using Baltimore as a research arena. Over 
the next few years, colleagues interested in Baltimore, some from Baltimore area 
institutions like the University of Maryland, Baltimore County, and Johns Hopkins 
University were courted and became contributors to an emerging intellectual frame-
work to support integrated biophysical and social research and outreach in Baltimore. 

 These efforts positioned the informal network of researchers to respond 
forcefully to the National Science Foundation’s (NSF) call for proposals for up to 
two urban Long-Term Ecological Research sites in the United States. These urban 
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sites would complement some two dozen other LTER sites that had been established 
across the United States to understand the structure and functioning of forested, 
grassland, agricultural, coastal, lake, river, and tundra ecosystems. The programme 
of fi cers at NSF, especially the late Dr. Thomas Callahan, were convinced that 
ignoring urban systems left a gap in the understanding of America’s diversity of 
ecological systems. 

 The initial team that produced the proposal included soil scientists, vegetation 
ecologists, ecological economists, social scientists, educators, landscape ecologists, 
spatial analysts, paleoecologists, hydrologists, microbial ecologists, climatologists, 
geomorphologists, and wildlife ecologists. The team included graduate and postdoctoral 
students, leaders in the NGO Parks & People Foundation, senior researchers from 
academic institutions and federal agencies including the USDA Forest Service and 
the US Geological Survey. Indeed, as budget planning proceeded, it became clear 
that the in-kind support for research and staff time from the USDA Forest Service 
under the leadership of Dr. Robert Lewis of the (then) Northeastern Research Station 
would exceed the funds available from NSF. Partnerships were sought with manag-
ers and policy makers from Baltimore City, Baltimore County and the State of 
Maryland, including environmental of fi cers and school of fi cials. 

 Various options for a Baltimore home, given that the proposed grantee institution 
would be the Cary Institute of Ecosystem Studies in Millbrook, NY, were sought. 
Ultimately the enthusiastic support of Dr. Freeman Hrabowski, III, President of the 
University of Maryland, Baltimore County to host the Baltimore of fi ces and labs of 
the new urban LTER led to the establishment of a convenient and intellectually 
engaging home for the project. The Baltimore Ecosystem Study, named analogously 
to the Hubbard Brook Ecosystem Study LTER from which we drew inspiration for 
the experimental watershed approach, was established in November of 1997. As a 
result of the same competition, the NSF also funded the Central Arizona-Phoenix 
LTER, headquartered at Arizona State University and led by stream ecosystem 
ecologist Dr. Nancy Grimm, and archaeologist Dr. Charles Redman.  

    16.3   Building Structure 

    16.3.1   Why We Seek to Know 

    16.3.1.1   Practical Motivations 

 There are several motivations for developing LTSER research focused on urban 
and urbanising areas. From a practical perspective, it is essential to recognise that 
 the Earth is an urban planet . In 1800, about 3% of the world’s human population 
lived in urban areas. By 1900, this proportion rose to approximately 14% and 
exceeded 50% by 2008. Every week nearly 1.3 million additional people arrive in 
the world’s cities, amounting to a total of about 70 million a year (Brand  2006 ; 
Chan  2007  ) . The urban population of the globe is projected by the UN to climb to 
61% by 2030 and eventually reach a dynamic equilibrium of approximately 80% 
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urban to 20% rural dwellers that will persist for the foreseeable future (Brand  2006 ; 
Johnson  2006  ) . This transition from 3% urban population to the projected 80% 
urban is a massive change in the social-ecological dynamics of the planet (Brand 
 2009 ; Seto et al.  2010  ) . 

 The spatial extent of urban areas is growing as well. In industrialised nations the 
conversion of land from wild and agricultural uses to urban and suburban settlement 
is growing at a faster rate than the growth in urban population. Cities are no longer 
compact (Pickett et al.  2001  ) ; they sprawl in fractal or spider-like con fi gurations 
(Makse et al.  1995  )  and increasingly intermingle with wild lands. Even for many 
rapidly growing metropolitan areas, suburban zones are growing faster than other 
zones (Katz and Bradley  1999  ) . The resulting new forms of urban development 
include edge cities (Garreau  1991  )  and a wildland-urban interface in which housing 
is interspersed in forests, shrublands, and desert habitats. 

 An important consequence of these trends in urban growth is that cities have 
become  the dominant global human habitat  of this century in terms of geography, 
experience, constituency and in fl uence. Accompanying the spatial changes are 
changes in perspectives and constituencies. Although these urbanising habitats were 
formerly dominated by agriculturists, foresters and conservationists, they are now 
increasingly dominated by people possessing resources from urban systems, draw-
ing upon urban experiences and expressing urban habits. This reality has important 
consequences for social and ecological systems at global, regional and local scales, 
as well as for natural resource organisations attempting to integrate ecological 
function with human desires, behaviours and quality of life. 

      From Local to Global, Cities Play a Critical Role in Climate Change 
Vulnerabilities, Mitigation, and Adaptation 

 Urbanisation creates both ecological vulnerabilities and ef fi ciencies. For instance, 
coastal areas, where many of the world’s largest cities occur, are home to a wealth 
of natural resources that are rich with diverse species, habitat types and productive 
potential. They are also vulnerable to land conversion, changes in hydrologic  fl ows, 
out fl ows of sediment and waste and sea level rise (Grimm et al.  2008  ) . In the US, 10 
of the 15 most populous cities are located in coastal counties (NOAA  2004  )  and 23 
of the 25 most densely populated US counties are in coastal areas. These areas have 
already experienced ecological disruptions (Couzin  2008  ) . 

 While ecological vulnerabilities are signi fi cantly associated with urban areas, 
urbanisation also fosters ecological ef fi ciencies. The ecological footprint of a city, 
i.e., the land area required to support it, is quite large (Folke et al.  1997 ; Johnson 
 2006 ; Grimm et al.  2008  ) . Cities consume enormous amounts of natural resources, 
while the assimilation of their wastes – from sewage to the gases that cause global 
warming – are also distributed over large areas. London, for example, occupies 
1,70,000 ha and has an ecological footprint of 21 million hectares – 125 times its 
size (Toepfer  2005  ) . In Baltic cities, the area needed from forest, agriculture, and 
marine ecosystems corresponds to approximately 200 times the area of the cities 
themselves (Folke et al.  1997  ) . 
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 Ecological footprint analysis can be misleading, however, for numerous reasons 
(Deutsch et al.  2000  ) . It ignores the more important question of ef fi ciency, de fi ned 
here as persons-to-area: how much land area (occupied area and footprint area) is 
needed to support a certain number of persons? From this perspective, it becomes 
clear that urbanisation is critical to delivering a more ecologically sustainable and 
resource-ef fi cient world because the per-person environmental impact of city dwell-
ers is generally lower than people in the countryside (Brand  2006 ; Johnson  2006 ; 
Grimm et al.  2008  ) . For instance, the average New York City resident generates 
about 29 % of the carbon dioxide emissions of the average American. By attracting 
9,00,000 more residents to New York City by 2030, New York City can actually 
save 15.6 million metric tons of carbon dioxide per year relative to the emissions of 
a more dispersed population (Chan  2007  ) . The effects of urbanisation on ecological 
ef fi ciency may mean that social-ecological pressures on natural systems can be dra-
matically reduced in terms of resources used, wastes produced, and land occupied. 
This may mean that cities can provide essential solutions of mitigation and adapta-
tion to the long-term social-ecological viability of the planet, given current popula-
tion trends for this century. 

 Current global demographic trends are paralleled by changing conceptions of 
cities and urbanisation. In very broad historical terms we have begun a new para-
digm for cities. Since the 1880s, a great deal of focus has centred on the “Sanitary 
City,” with concern for policies, plans and practices that promoted public health 
(Melosi  2000  ) . While retaining the fundamental concern for the Sanitary City, we 
have begun to envelop the Sanitary City paradigm with a concern for the “Sustainable 
City,” which places urbanisation in a social-ecological context at local, regional and 
global scales (Pincetl  2010  ) . 

 Urban ecology and long-term studies have a signi fi cant role to play in this con-
text. Already, urban ecology has an important applied dimension as an approach 
used in urban planning, especially in Europe. Carried out in city and regional agen-
cies, the approach combines ecological information with planning methodologies 
(Hough  1984 ; Spirn  1984 ; Schaaf et al.  1995 ; Thompson and Steiner  1997 ; Pickett 
et al.  2004 ; Pickett and Cadenasso  2008  ) . 

 Major investments in urban ecology theory, data, and practices are required to 
meet the needs of cities and urbanising areas. Cities face challenges that are increas-
ingly complex and uncertain. Many of these complexities are associated with 
changes in climate, demography, economy, and energy at multiple scales. Because 
of these complex, interrelated changes, concepts such as resilience (Gunderson 
 2000  ) , vulnerability (Turner et al.  2003  ) , and ecosystem services (Bolund and 
Hunhammar  1999  )  may be particularly useful for addressing both current issues and 
preparing for future scenarios requiring long-term, and frequently capital-intensive, 
change. 

 Cities have already begun to address these challenges and opportunities in terms 
of policies, plans, and management. For example, on June 5th, 2005, mayors from 
around the globe took the historic step of signing the Urban Environmental Accords – 
Green City Declaration with the intent of building ecologically sustainable, eco-
nomically dynamic and socially equitable futures for their urban citizens. The 
Accords covered seven environmental categories to enable sustainable urban living 
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and improve the quality of life for urban dwellers: (1) energy, (2) waste reduction, 
(3) urban design, (4) urban nature, (5) transportation, (6) environmental health, 
and (7) water (  http://www.citymayors.com/environment/environment_day.html    ). 
International associations such as  ICLEI-Local Governments for Sustainability  
(  http://www.iclei.org/    ) are developing and sharing resources to address these issues. 
The ability to address these seven categories will require numerous, interrelated 
strategies and scienti fi c domains.   

    16.3.1.2   Scienti fi c Motivations 

 There are diverse scienti fi c motivations for examining urban areas as LTSERs. 
Stokes  (  1997  )  offers a useful heuristic,  Pasteur’s Quadrant  (Fig.  16.1 ), for different 
motivations or categories of scienti fi c research. Three of these quadrants are of 
particular interest for urban LTSERs. The two most familiar quadrants may be the 
 fi rst and third quadrants. Stokes de fi nes the  fi rst quadrant, Pure Basic Research, as 
science performed without concern for practical ends. This quadrant is labelled 
Bohr’s Quadrant since physicist Nils Bohr had no immediate concern for use as he 
worked to develop a structural understanding of the atom. In this quadrant LTSERs 
work to understand physical, biological, and social laws that advance our funda-
mental understanding of the world. For instance, urban systems can be useful end 
members for understanding the effects of altered climates, organismal components, 
substrates and land forms (Zipperer et al.  1997 ; Carreiro et al.  2009  ) , or changes in 
livelihoods and lifestyles on consumption, social institutions, identity and status. 
The third quadrant, Pure Applied Research, is de fi ned as science performed to solve 
a social problem without regard for advancing fundamental theory or scienti fi c 
method. Stokes labelled this Edison’s Quadrant, since inventor Thomas Edison 
never considered the underlying implications of his discoveries in his pursuit of 
commercial illumination. In this quadrant LTSERs work to develop solutions to 
speci fi c problems, such as bio-retention systems for removing pollutants from 

Considerations of use?

YesNo

Pure applied
research
(Inventor
Edison)

--No

Use-inspired
basic research
(Biologist
Pasteur)

Pure basic
research
(Physicist
Bohr)

Yes

Quest for
fundamental
understanding?

Applied and Basic Research

YesNo

--No

Yes

  Fig. 16.1    In  Pasteur’s Quadrant , Stokes categorises four different types of research. Most research 
associated with BES would be located in Pasteur’s quadrant: Use-inspired basic research (Adapted 
from Stokes  1997  )        
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stormwater or social marketing to increase household participation in tree planting 
programmes.  

 Stokes de fi nes the second quadrant, Use-inspired Basic, as science that is 
designed to both enhance fundamental understanding and address a practical issue. 
This quadrant is labelled Pasteur’s Quadrant, because biologist Louis Pasteur’s 
work on immunology and vaccination both advanced our fundamental understand-
ing of biology and saved countless lives. In this quadrant LTSERs work to advance 
scienti fi c theories and methods while addressing practical problems; for example, 
how do households’ locational choices affect ecosystem services and vulnerabilty 
to climate change or how do ecological structures and social institutions interact 
over the long term to affect urban resilience and sustainability? While BES research 
can be located in each of these quadrants, most BES research is Use-inspired Basic 
located in Pasteur’s Quadrant and addresses many of the practical motivations 
identi fi ed earlier (Pickett et al.  2011  ) .   

    16.3.2   What We Seek to Know: From an Ecology in Cities 
to an Ecology of Cities 

 A driving idea for the design of the BES has been to promote the transition from an 
“Ecology  in  Cities” to an “Ecology  of  Cities.” The study of social-ecological  systems 
in general, and urban systems in particular has been an emerging area of signi fi cant 
attention over the past 15 years. During this time, a body of research and applica-
tions emerged that may be labelled “The Ecology  of  Cities”. This corpus of work 
may be best described as the transition in the study of urban systems from an 
“Ecology  in  Cities” to an “Ecology  of  Cities,” (Pickett et al.  1997a ; Grimm et al.  2000  )  
where the study of the “Ecology  in  Cities” focused historically on ecologically 
familiar places and compared urban and non-urban areas: parks as analogues of 
rural forests (e.g. Attorre et al.  1997 ; Kent et al.  1999  )  and vacant lots as analogues 
of  fi elds or prairies (Vincent and Bergeron  1985 ; Cilliers and Bredenkamp  1999  ) . 
Urban streams and remnant wetlands were the object of ecological studies similar 
in scope and method to those conducted in non-urban landscapes. 

 An “Ecology  of  Cities” in its current form incorporates new approaches from 
ecology in general and ecosystem ecology in particular. An “Ecology  of  Cities” 
builds upon but is very different from an “Ecology  in  Cities.” First, the “Ecology  of  
Cities” addresses the complete mosaic of land uses and management in metropoli-
tan systems, not just the green spaces as rural analogues that were the focus of 
“Ecology  in  Cities”. Second, spatial heterogeneity, expressed as gradients or 
mosaics, is critical for explaining interactions and changes in the city. Third, humans 
and their institutions are a part of the ecosystem, not simply external, allegedly 
negative in fl uences. Finally, the role of humans at multiple scales of social organisa-
tion, from individuals through to households and neighbourhoods, and to complex 
and persistent agencies, is linked to the biophysical scales of urban systems. Thus, 
an Ecology of Cities opens the way towards understanding feedbacks among the 
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biophysical and human components of the system, towards placing them in their 
dynamic spatial and temporal contexts, and towards examining their effects on 
ecosystem inputs and outputs at various social scales, including individuals, house-
holds, neighbourhoods, municipalities, and regions (Grove and Burch  1997  ) . 

 The shift to addressing the complete mosaic of land uses and management in 
metropolitan systems is also important to the practical needs of enhancing urban 
sustainability. Most of the land in urban areas is not in “urban-rural” analogues. 
For example, the division between public and private ownership in the City of 
Philadelphia is 33% public and 67% private. Of those private lands, 85% are 
residential lands, with 459,524 individual parcels. Thus, in many cases, the new 
“forest owner” in urban areas is most often a residential homeowner. The shift to 
an “Ecology  of  Cities” provides a much better scienti fi c understanding of the social 
and ecological characteristics of diverse ownerships and the dominant ownership 
type, which is required in order to enhance urban sustainability.  

    16.3.3   How We Seek to Know: Integrative Tools 

 To facilitate the transition from an Ecology  in  Cities to an Ecology  of  Cities, we 
employ a suite of integrative tools in our LTSER toolbox: (1) An Ecosystem 
Approach and LTSER Frameworks, (2) Patch Dynamics, (3) Complexity in Social-
Ecological Systems, (4) Scalable Data Platforms, and (5) Watersheds. Many research 
projects have attempted to bring mainstream ecology and crucial social sciences 
more closely together (Pickett et al.  1997b ; Grimm et al.  2000 ; Alberti et al.  2003 ; 
Redman et al.  2004 ). 1  

    16.3.3.1   An Ecosystem Approach and LTSER Frameworks 

 We employ the ecosystem concept because of its utility for integrating the physical, 
biological, and social sciences (Pickett and Grove  2009  )  and addressing (1) differ-
ences among land uses and variations in management within and among land uses in 
terms of  fl uxes of individuals, energy, nutrients, materials, information and capital, 
and (2) ecological structures and social institutions that may regulate those  fl uxes. 

 The ecosystem concept owes its origin to Tansley  (  1935  ) , who noted that ecosys-
tems can be of any size, as long as the concern was with the interaction of organisms 
and their environment in a speci fi ed area. Further, the boundaries of an ecosystem 

   1 When we began to contribute to this research agenda through the Baltimore Ecosystem Study in 
1997, it was important to employ familiar concepts that each discipline could embrace. Hence, 
we began with ecosystems, watersheds, and patch dynamics as tools to organize research and 
conceptualize an urban area as an interdisciplinary research topic (Cadenasso et al. 2006). The 
sequence of integrative tools we present in this chapter is different from their historical develop-
ment in BES. However, we chose the sequence presented here because watersheds are a particular 
application of the preceding four tools.  
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are drawn to answer a particular question. Thus, there is no set scale or way to 
bound an ecosystem. Rather, the choice of scale and boundary for de fi ning any 
ecosystem depends upon the question asked and is the choice of the investigators. 
In addition, each investigator or team may place more or less emphasis on the chem-
ical transformations and pools of materials drawn on or created by organisms; or on 
the  fl ow, assimilation, and dissipation of biologically metabolisable energy; or on 
the role of individual species or groups of species on  fl ows and stocks of energy and 
matter. The fact that there is so much choice in the scales and boundaries of ecosys-
tems, and how to study and relate the processes within them, indicates the profound 
degree to which the ecosystem represents a research approach rather than a  fi xed 
scale or type of analysis (Allen and Hoekstra  1992 ; Pickett and Cadenasso  2002  ) . 

      The Human Ecosystem Framework 

 When Tansley  (  1935  )  originated the term ‘ecosystem’, he noted carefully that 
“…  ecology must be applied to conditions brought about by human activity. The 
“natural” entities and the anthropogenic derivatives alike must be analyzed in 
terms of the most appropriate concepts we can  fi nd .” An explicit conception of the 
human ecosystem brings all the resilient ideas in Tansley’s original, core ecosystem 
concept together. Tansley’s core de fi nition of ecosystem was focused on the main 
ecological topics of his day: organisms and the physical environment. That way of 
conceiving of the ecosystem is outlined in the inner, dashed box in Fig.  16.2 . 
However, if ecologists are to account for all the kinds of patterns, processes, and 
interactions that have been identi fi ed for social-ecological research (Machlis et al. 
 1997 ; Redman et al.  2004 ; Collins et al.  2011  ) , then it is useful to include two 
additional “complexes” within the idea of the ecosystem appropriate for the 
twenty- fi rst century (Fig.  16.2 ).  

  Fig. 16.2    The human ecosystem concept, bounded by the  bold line , showing its expansion from 
the bioecological concept of the ecosystem as proposed originally by Tansley  (  1935  )  in the  dashed 
line . The expansion incorporates a social complex, which consists of the social components and a 
built complex, which includes land modi fi cations, buildings, infrastructure, and other artefacts. 
Both the biotic and the physical environmental complexes of urban systems are expected to differ 
from those in non-urban ecosystems (Figure copyright BES LTER and used by permission (Pickett 
and Grove  2009  ) )       
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 It is important to note that each complex shown in Fig.  16.2  can be disaggregated. 
In the case of the social complex, social scientists have focused on interactions between 
humans and their environments since the origin of their disciplines. Further, social 
scientists have focused speci fi cally on an expanded view of the ecosystem approach 
that includes humans along a continuum from urban areas to wilderness since the 
1950s (Hawley  1950 ; Schnore  1958 ; Duncan  1961,   1964 ; Burch and DeLuca  1984 ; 
Machlis et al.  1997  ) . Recently, the social and medical sciences have focused increas-
ingly on the ecosystem concept because of its usefulness for natural resource policy 
and management (Rebele  1994  )  and public health (Northridge et al.  2003  ) . 

 Frameworks for urban ecosystems need to recognise the reciprocal relationships 
of biological structures and processes, socioeconomic structures and processes, 
slowly changing historical or evolutionary templates, and global or regional exter-
nal drivers. Furthermore, they need to acknowledge the role of social differentiation 
and the perception by individuals or institutions as mediators of the interactions 
between biophysical and socioeconomic patterns and processes. Feedbacks, often 
with time lags and indirect effects, are a part of the conceptual frameworks of urban 
ecosystems. 

 BES has used the Human Ecosystem Framework (Fig.  16.3 ) as the “disaggre-
gated” version of Fig.  16.2  (Burch and DeLuca  1984 ; Machlis et al.  1997 ; Pickett 
et al.  1997b  ) . Originally proposed by social ecologists Bill Burch, Gary Machlis and 
colleagues (Burch and DeLuca  1984 ; Machlis et al.  1997  ) , this analytical frame-
work identi fi es and describes the various structures and kinds of interactions that are 
important for including humans as components of ecosystems. The framework 
identi fi es the resource base of the ecosystem, which includes biophysical and social 
resources and the kinds of ways in which people organise themselves to exploit and 
manage those resources in order to accomplish the various functions of life 
(Fig.  16.3 ). The framework also recognises that individuals and institutions change 
over time, based on inherent human physiological rhythms and institutional ‘timing 
cycles’ (Fig.  16.3 ).  

 This analytical framework is not a theory or model in and of itself. Rather we 
have used it in BES to identify the speci fi c kinds of variables and interactions to be 
included in our urban ecological research and applications. Machlis et al.  (  1997  )  
note that some features of the framework are “orthodox to speci fi c disciplines and 
not new”. They also indicate, however, that the framework contains some less com-
monplace features such as myths as cultural resources, or justice as a critical institu-
tion. We adopt their view that the human ecosystem framework is a coherent entity 
that is useful in structuring the study of human ecosystems. 

 The Human Ecosystem Framework is crucially important for reminding all par-
ticipants in BES that they are studying, explaining, or contributing to the manage-
ment of a complex, human inhabited ecosystem (Machlis et al.  1997  ) . This has been 
especially important in linking our biophysical and social scientists, engineers, urban 
designers, and decision makers (Grove and Burch  1997 ; Pickett et al.  2001 ; Grove 
et al.  2005  ) . There are several elements that are critical to the successful application 
of this framework. First, it is important to recognise that the primary drivers of human 
ecosystem dynamics are both biophysical and social. Second, there is no single, 
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determining driver of anthropogenic ecosystems. Third, the relative signi fi cance of 
drivers may vary over time. Fourth, components and their interactions with each 
other need to be examined simultaneously (Machlis et al.  1997  ) . Finally, researchers 
need to examine how dynamic biological and social allocation mechanisms such as 
ecological constraints, economic exchange, authority, tradition and knowledge, affect 
the distribution of critical resources including energy, materials, nutrients, popula-
tion, genetic and non-genetic information, labour, capital, organisations, beliefs and 
myths, within any human ecosystem (Parker and Burch  1992  ) .  

      Press-Pulse Dynamics Framework 

 We include the Press-Pulse Dynamics Framework (PPD) as a complimentary, 
interactive framework to the Human Ecosystem Framework (HEF). The PPD was 
developed over a 3-year period by members from ecological and social science 

  Fig. 16.3    The human ecosystem framework. This conceptual framework identi fi es the compo-
nents of the resource and human social systems required by inhabited ecosystems. The resource 
system is comprised of both biophysical and social resources. The human social system includes 
social institutions, cycles, and the factors that generate social order. This is a framework from 
which models and testable hypotheses suitable for a particular situation can be developed. It is 
used to organise thinking and research and is a valuable integrating tool for the BES (Re-drawn 
from Machlis et al.  1997  )        
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communities in the United States to promote long-term social ecological research 
(Collins et al.  2007,   2011  ) . Like the Human Ecosystem Framework, the PPD 
(Fig.  16.4 ) is not a theory nor a model in and of itself. And like the Human Ecosystem 
Framework, the PPD incorporates methods and data from the geophysical, biologi-
cal, social, and engineering sciences. The PPD differs from the Human Ecosystem 
Framework because of its focus on (1) “press and pulse events” that may drive 
socio-ecological systems and (2) the linkages between social and ecological tem-
plates in terms of changes in the quantity and quality of ecosystem services. The 
PPD adds to the traditional topics of existing long-term ecological research – i.e. the 
biophysical template (structure and function) and regulating and provisioning 
ecosystem services shown in Fig.  16.4  – by including topics such as cultural and 
supporting ecosystem services; the social template; social pulse and press drivers; 
and the relationships between these topics. The PPD and the HEF are complemen-
tary because the PPD provides a template for  fl ows, interactions and connections of 
the entities and processes identi fi ed by the Human Ecosystem Framework.  

 The intention of the PPD is to provide a generalisable, scalar, mechanistic, 
and hypothesis-driven framework to promote socio-ecological research within 

  Fig. 16.4    Press–pulse dynamics framework ( PPD ). The PPD framework provides a basis for 
long-term, integrated, socio–ecological research. The  right-hand side  represents the domain of 
traditional ecological research; the  left-hand side  represents traditional social research associated 
with environmental change; the two are linked by pulse and press events in fl uenced or caused by 
human behaviour and by ecosystem services, top and bottom, respectively (Collins et al.  2011  ) . 
Individual items shown in the diagram are illustrative and not exhaustive       
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existing long-term ecological research projects, the development of new long-term 
socio-ecological research, and comparisons among existing and new projects. 
The PPD can be used to focus a long-term socio-ecological research agenda through 
the identi fi cation of and connections among six strategic research questions (Collins 
et al.  2011  ) :

    1.    How do long-term press disturbances and short-term pulse disturbances interact 
to alter ecosystem structure and function (H1)?  

    2.    How can biotic structure, including built structure, be both a cause and conse-
quence of ecological  fl uxes of energy and matter (H2)?  

    3.    How do altered ecosystem dynamics affect ecosystem services (H3)?  
    4.    How do changes in vital ecosystem services alter human outcomes (H4)?  
    5.    How do changes in human perceptions and outcomes affect human behaviours 

and institutions (H5)?  
    6.    Which human actions in fl uence the frequency, magnitude or form of press and 

pulse disturbance regimes across ecosystems and what determines these actions 
(H6)?     

 Because the PPD framework focuses on press and pulse types of disturbance, 
we feel it is important to de fi ne the term. Disturbance is a technical term when used 
in socio-ecological research. It was originally used to refer to events with sharp 
onset and short duration, and with the ability to affect the physical structure of any 
ecological system. The term was provocative when  fi rst introduced because such 
events, although they disrupted some aspects of ecological systems, generated 
results that were positive for some other features of ecological systems. For example, 
disturbance often created opportunities for disadvantaged species to persist or enter 
an ecosystem, or provided locations in which resource conversion rates increased, 
facilitating access by suppressed or newly establishing organisms. Disturbance as 
originally introduced was distinct from ecological stress, which was often a longer 
lasting event that directly affected the function or metabolism of a system. Both 
disturbance and stress can be uni fi ed as perturbations, and this term reminds 
researchers that the effects on any speci fi c system component or entire system may 
be positive, negative, or neutral. Since its introduction in the mid-1980s, the concept 
of disturbance has been re fi ned, and has led to a new consideration of ecological 
events in general. Events are now considered to be complex occurrences character-
ised by an onset, a duration in time, and potentially a later decline. Ecologists 
recognise that the complexities of onset, duration, and demise of events will result 
in different effects. A short  fl ood may not kill many plant species on a  fl oodplain, 
while an unusually long  fl ood may cause mortality and may even remove sensitive 
species from the system. 

 The complexity of ecological events can be abstracted in the contrast of pulses 
and presses. While this contrast does not consider all possible combinations of 
sharpness of onset, length of duration, or existence or rate of decline (Pickett and 
Cadenasso  2009  ) , it focuses attention on two end members of that rich array of 
events: those that are transient and those that are persistent, at least for a relatively 
long time. Pulse events have sharp attack and quick demise, though they may have 
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substantial effects on ecological systems. An earthquake is a good example of a 
pulse event. Press events alter the conditions in a system over a long time period, 
and may in fact be more akin to stresses. A shift in a climate regime from wet to dry, 
or the injection of a new level of resource supply through pollution are examples of 
biological pulses. Social pulses and presses are also important. New investment in a 
neighbourhood may be a pulse. A shift in demographic composition in a district of 
a city would illustrate a press. Presses and pulses are raw material for advancing 
integration between bioecological and social structures and processes in human 
ecosystems. The human ecosystem (Fig.  16.2 ) is a general concept that can be made 
operational by using a framework of potential components in the form of the Human 
Ecosystem Framework (Fig.  16.3 ), and a hypothetical model of connections and 
interactions in the form of the PPD (Fig.  16.4 ). How such models can be applied to 
spatially heterogeneous ecosystems such as urban areas is the concern of the next 
major framework used by BES.   

    16.3.3.2   Patch Dynamics 

 Patch dynamics is the second integrative tool employed by BES. It is important to 
the transition from an Ecology  in  to an Ecology  of  Cities because it can be used to 
account for the spatial heterogeneity of different lands uses and variations in man-
agement within land uses in terms of  fl uxes of (1) individuals, (2) energy, (3) nutri-
ents, (4) materials, (5) information, and (6) capital and the ecological mechanisms 
and social institutions that control the  fl ux of those resources across space. 

 Patch dynamics recognises that spatial heterogeneity is a key attribute of eco-
logical systems. Emerging in the late 1970s, and originating from much the same 
impetus as the spatially focused discipline of landscape ecology, patch dynamics 
was used to describe the spatial structure of areas, the  fl ows of materials, energy, 
and information across spatial mosaics, and the changes in individual spatial com-
ponents of the mosaic as well as in the mosaic as a whole (Pickett et al.  2001  ) . In 
other words, patch dynamics is concerned with the spatial structure, function and 
change of mosaic systems. At a particular scale, the heterogeneity can be resolved 
into patches that differ from each other. Although the patches may be heterogeneous 
at  fi ner scales, at the scale of interest they are internally homogeneous relative to 
one another (Cadenasso et al .   2003  ) . Examples include forest and  fi eld patches dis-
criminated at the scale of km, or, at the scale of metres, tree fall pits and mounds in 
old growth forests (Pickett and White  1985  ) . It is important to note that the mosaics 
can comprise discrete, bounded patches, or can be conceived of as gradients or 
 fi elds de fi ning continuous surfaces of differentiation. Patch dynamics can also be 
applied within a hierarchical structure, with different types of patches identi fi ed 
with processes at nested scales (Wu and Loucks  1995 ; Grove and Burch  1997  ) . 

 Patch dynamics is important in urban systems as well because urban social-
ecological systems are notoriously heterogeneous or patchy (Jacobs  1961 ; Clay 
 1973  ) . Biophysical patches are a conspicuous layer of heterogeneity in cities. The 
basic topography, although sometimes highly modi fi ed, continues to govern important 
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processes in the city (Spirn  1984  ) . The watershed approach to urban areas has 
highlighted the importance of slopes, and of patchiness along slopes, in water  fl ow 
and quality (Band et al.  2006  ) . Steep areas are often the sites of remnant or succes-
sional forest and grassland in and around cities. Soil and drainage differ with the 
underlying topography. Vegetation, both volunteer and planted, is an important 
aspect of biophysical patchiness. The contrast in microclimate between leafy, green 
neighbourhoods versus those lacking a tree canopy is a striking example of biotic 
heterogeneity (Nowak  1994  ) . Additional functions that may be in fl uenced by such 
patchiness include carbon storage (Jenkins and Riemann  2001  )  and animal biodi-
versity (Adams  1994 ; Hostetler  1999 ; Niemela  1999  ) . 

 Social differentiation and its spatial manifestation in terms of patches is also 
pronounced in and around cities and is not limited to categories such as land use 
(Grove and Burch  1997  ) . Social patchiness can exist in such phenomena as eco-
nomic activity and livelihoods, family structure and size, age distribution of the 
human population, wealth, educational level, social status, and lifestyle preferences 
(Burch and DeLuca  1984 ; Field et al.  2003  ) . Social differentiation is important for 
human ecological systems because it affects both locational choices and the alloca-
tion of critical resources, including natural, socioeconomic, and cultural resources. 
In essence, social differentiation determines “who gets what, when, how and why” 
(Lenski  1966 ; Parker and Burch  1992  ) . This allocation of critical resources is rarely 
equitable, but instead results in rank hierarchies. Unequal access to and control over 
critical resources is a consistent fact within and between households, communities, 
regions, nations and societies (Machlis et al.  1997  ) . Environmental justice scholar-
ship is a particular application of social differentiation research. Environmental 
justice research has demonstrated that disadvantaged groups, especially racial and 
ethnic minorities, are disproportionately burdened with environmental disamenities 
and enjoy fewer amenities compared to the privileged majority (Mohai and Saha 
 2007  ) . These inequitable outcomes are typically the result of unjust procedures that 
burden racial and ethnic minorities with the most polluted and hazardous environ-
ments close to where they live (Bolin et al.  2005 ;    Lord and Norquist  2010 ; but see 
Boone et al  2009  ) . 

 Temporal dynamics are just as important as spatial pattern, since socio-ecological 
patterns are not  fi xed in time. For example, a city patch possessing a tree canopy 
will change as the trees mature and senesce, reducing canopy extent. Patches can 
also exhibit social dynamics, as when a neighbourhood of predominantly older 
residents shifts to dominance by young families. In these contrasting states, the 
patch makes different demands on the infrastructure and government. For example, 
young families may want playgrounds and access to schools while elderly residents 
may demand access to health services and passive recreation. The social require-
ments of speci fi c patches will thus shift through time. 

 It is also critical to include the built nature of cities as a component of patch 
dynamics as well. Most people, and indeed most architects and designers, assume 
that the built environment is a permanent  fi xture. However, buildings and infrastruc-
ture change, as do their built and biophysical context. This elasticity in the urban 
system suggests a powerful way to re-conceptualise urban design as an adaptive, 
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contextualised pursuit (Pickett et al.  2004 ; Shane  2005 ; Colding  2007 ; McGrath 
 2007 ). Such dynamism combines with the growing recognition of the role of urban 
design in improving the ecological ef fi ciencies and processes in cities, particularly 
as existing structures may offer challenges to realising these ef fi ciencies. Although 
this application of patch dynamics is quite new, it has great promise to promote the 
interdisciplinary melding of ecology and design and to generate novel designs with 
enhanced environmental bene fi t (McGrath et al.  2007  ) . Thus, patches in urban sys-
tems can be characterised by physical structures, biological structures, social struc-
tures, built structures, or a combination of the four over time (Cadenasso et al.  2006  )  
(Fig.  16.2 ).  

    16.3.3.3   Complexity in Socio-ecological Systems: Types and Levels 

 A third integrative tool in BES is a framework for examining complexity in terms of 
three types of complexity and levels of complexity within each type (Cadenasso 
et al.  2006  ) . This complexity framework is useful in making the transition from an 
Ecology  in  Cities to an Ecology  of  Cities because it builds upon our patch dynamics 
approach by further developing its spatial and temporal dimensions and by adding a 
multi-scalar dimension to the types and levels of understanding social-ecological 
systems. In essence, this structural approach to socio-ecological systems can be 
used to ask what pieces are there and how are they arranged, how do the pieces 
interact, and how do they change through time (Fig.  16.5 )? The complexity frame-
work thus permits researchers to examine three realms: (1) the spatial heterogeneity 
of the urban system, (2) the organisation and connectivity of the spatially arrayed 
components, and (3) the role of history, contingency, and path dependency on the 
dynamics of urban ecosystems (Cadenasso et al.  2006  ) .  

 The  fi rst type of complexity is spatial heterogeneity. Complexity of spatial 
heterogeneity increases as the perspective moves from patch type and the num-
ber of each type, to spatial con fi guration, and to the change in the mosaic through 
time (Wiens  1995 ; Li and Reynolds  1995  )  (Fig.  16.5 ). At the simplest structural 
end of the spatial axis, systems can be described as consisting of a roster of patch 
types. Richness of patch types summarises the number of patch types making up 
the roster. Structural complexity is increased as the number of each patch type is 
quanti fi ed. This measurement is expressed as patch frequency. How those patches 
are arranged in space relative to each other increases the complexity of under-
standing the heterogeneity or structure of the system (Li and Reynolds  1993  ) . 
Finally, each patch can change through time. Which patches change, and how 
they change and shift identity constitutes a higher level of spatial complexity. 
The most complex understanding of system heterogeneity is acquired when the 
system can be quanti fi ed as a shifting mosaic of patches, or when the patch 
dynamics of the system is spatially explicit and quanti fi ed (Fig.  16.5 ). Although 
the passage of time is an element at the highest level of spatial complexity, this 
is distinct from historical complexity, where the function of such phenomena as 
lags and legacies is the concern (Cadenasso et al.  2006  ) . 
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 The second type of complexity is organisational connectivity. The organisational 
axis re fl ects the increasing connectivity of the basic units that control system dynam-
ics within and between levels of organisation. Within organisational hierarchies, 
causality can move upward or downward (Ahl and Allen  1996  ) . Organisational 
complexity drives system resilience, or the capacity to adjust to shifting external 
conditions or internal feedbacks (Holling and Gunderson  2002  ) . Following our 
structural approach, we can return to the patch as an example of the basic functional 
unit of a system to explain this axis more fully. In this case, the simplest end of the 
connectivity axis is within-patch processes. As the interaction between patches is 
incorporated, complexity increases. Understanding how that interaction may be 
regulated by the boundary between patches constitutes a higher level of complexity. 
The organisational complexity axis continues to increase with recognition that patch 
interaction may be controlled by features of the patches themselves in addition to 
the boundary. Finally, the highest level of structural complexity on the organisa-
tional axis is the functional signi fi cance of patch connectivity for patch dynamics, 

  Fig. 16.5    Framework for complexity of socio-ecological systems. The three dimensions of com-
plexity are spatial heterogeneity, organisational connectivity and temporal contingencies. 
Components of the framework are arrayed along each axis increasing in complexity. For example, 
a more complex understanding of spatial heterogeneity is achieved as quanti fi cation moves from 
patch richness, frequency and con fi guration to patch change and the shift in the patch mosaic. 
Complexity in organisational connectivity increases from within unit process to the interaction of 
units and the regulation of that interaction to functional patch dynamics. Finally, historical contin-
gencies increase in complexity from contemporary direct effect through lags and legacies to slowly 
emerging indirect effects. The  arrows  on the  left  of each illustration of contingency represent time. 
While not shown in the  fi gure, connectivity can be assessed within and between levels of organisa-
tion (Cadenasso et al.  2006  )        
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both of a single patch and of the entire patch mosaic (Fig.  16.5 ). Note that from the 
perspective of complex behaviour, each range of this axis would be considered a 
structure whose complex behaviour could be evaluated and compared to other 
ranges of the gradient (Cadenasso et al.  2006  ) . 

 The third type of complexity is historical contingency. Historical contingency 
refers to relationships that extend beyond direct, contemporary ones. Therefore, the 
in fl uence of indirect effects, legacies or apparent memory of past states of the system, 
the existence of lagged effects, and the presence of slowly appearing indirect effects 
constitute increasing historical complexity (Fig.  16.5 ). To explain the steps of this 
axis we start with the simple or contemporary ones. Contemporary interactions 
includes those interactions where element A in fl uences element B directly. Indirect 
contemporary interactions involve a third component, C, to transmit the effect of 
A on B. An interaction is lagged if the in fl uence of element A on element B is not 
immediate but manifested over some time period. A higher level of temporal 
complexity is invoked by legacies. Legacies are created when element A modi fi es 
the environment and that modi fi cation, whether it be structural or functional, 
eventually in fl uences element B. At the high end of the temporal complexity axis 
are slowly emerging indirect effects. These types of interaction occur when the 
apparent interaction of elements A and B is illusory and element B is actually 
in fl uenced by some earlier state of element A and that in fl uence is mediated through 
an additional element, C (Fig.  16.5 ) (Cadenasso et al.  2006  ) .  

    16.3.3.4   Scalable Data Platform 

 The spatial, temporal, and hierarchical dimensions of socio-ecological systems 
require a scalable data platform to integrate biophysical and social patterns and 
processes in urban regions. The BES and DC-BC ULTRA-Ex use a parcel-relevant 
sampling approach that combines both plot-based and pixel-based data in an exten-
sive-intensive sampling framework, with pixels as a type of extensive data, plots as 
a type of intensive data, and parcels as a scale of analysis. 

 There are several motivations for using parcels as a crucial unit of sampling and 
analysis. First, parcels are a complete census of an entire urban area and all owner-
ship types. Since most of the land in urban areas is not in “urban-rural” analogs, the 
use of parcels is critical for the shift to an “Ecology  of  Cities.” Second, parcels are a 
basic unit of decision-making associated with household and  fi rm locational choices 
and behaviours. Third, parcels and their owners have social and ecological histories, 
and their geographies and attributes can be documented and described over time 
through a variety of sources (Boone et al.  2009 ; Lord and Norquist  2010 ; Buckley 
and Boone  2011  ) . Fourth, parcels can be aggregated into other units of analysis, such 
as patches, neighbourhoods, watersheds, and municipalities (Grove et al.  2006a  ) . 
Disaggregation is also possible, for example, to investigate differences between 
biophysical and social features of front and back residential yards (Loucks  1994  ) . 

 An extensive – intensive sampling framework provides the capacity for linking 
pattern and process (Figs.  16.6  and  16.7 ). In general, extensive sampling may be 
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more useful for measuring pattern and inferring process, while intensive sampling 
may be more appropriate over time for the direct measurement and quanti fi cation of 
process and mechanism, particularly the motivations of social actors. An extensive – 
intensive data framework provides complementary sampling opportunities. Extensive 
sampling provides a basis for developing strategies for more intensive sampling, 
including the formulation of strati fi ed sampling plans across space and time. Intensive 
sampling can be used to validate extensive data because the same phenomenon can 
be measured both extensively and intensively. For instance, vegetation productivity 
can be measured using both remote sensing and  fi eld-based measurements. Intensive 
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sampling can be used to generate more detailed, process-based and mechanistic models. 
Subsequently, extensive sampling provides the basis for generalising these process-
based models across space and time.   

 The empirical ability to examine and integrate social and ecological characteris-
tics in an extensive-intensive framework is relatively new in the United States. The 
widespread adoption of Geographic Information Systems (GIS) by federal, state, 
and local governments and recent advances in remote sensing have greatly increased 
the availability of high-resolution geospatial data (<1 m). In particular, cadastral 
information maintained by local governments in hardcopy format is increasingly 
available digitally (Troy et al.  2007  ) . These cadastral maps include a variety of 
information such as the boundaries and ownership of land parcels and infrastructure 
such as streets, storm drains, and retention ponds. High resolution imagery can be 
used to derive vegetation cover and combined with cadastral data and digital surface 
water data to distinguish vegetation extent, structure, and productivity between 
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private property and public rights-of-way, including along streets. These parcel data 
also include attributes such as building type, building age, and building characteristics 
such as the number of bedrooms and bathrooms, building condition, transacted 
value, owner, land use and zoning (Zhou et al.  2009a,   b  ) . 

 These empirical advances provide a foundation for combining traditional social 
and ecological data. For instance, different types of social and ecological surveys 
can be linked to these data by both a unique address and by latitude and longitude. 
In the case of telephone surveys, telephone lists can include address and spatial 
location, while  fi eld observations and interviews can record both address and Global 
Positioning System (GPS) location as surveys are conducted. All of these data can 
be linked to Census geographies, which provide the basis for including demographic 
and socioeconomic data from the Census and commercial marketing data that are 
available at the Block Group level. Some of these marketing data include residential 
land management behaviours such as household expenditures on lawncare supplies 
and services (Zhou et al.  2009b  ) . These data can be further combined with a variety 
of present and archival data that are address based, including real estate transac-
tions, business directories, legal and health records, biographies and diaries, photo-
graphs and neighbourhood association minutes, for example (Merse et al.  2009  ) .  

    16.3.3.5   Watersheds 

 We use the watershed approach in Baltimore because of its proven success and 
general application in ecology (e.g .  Bormann and Likens  1979  ) , its integrative role 
as a particular application of an ecosystem and patch dynamics approach (Band 
and Moore  1995 ; Law et al.  2004  ) , and its practical relevance to decision making. 

 Hydrologists examine how the abiotic attributes of different patches within a 
watershed, such as temperature and physical characteristics including topography, 
soil properties, water table depth and antecedent soil moisture, contribute variable 
amounts of water and nutrients to stream fl ow, depending upon their spatial location 
in the watershed (Black  1991  ) . Hydrologists have summarised mosaics of the 
characteristics listed above using the Variable Source Area (VSA) approach. The 
VSA approach can be integrated with a delineation of patches based upon the biotic 
attributes of the watershed such as vegetation structure and species composition 
(Bormann and Likens  1979  ) , and the social attributes of the watershed such as 
indirect effects from land-use change, forest/vegetation management and direct 
effects from inputs of fertilisers, pesticides, and toxins to examine how the abiotic, 
biotic, and social attributes of different patches within a watershed contribute vari-
able amounts of water and nutrients to stream fl ow (Grove  1996  ) . This integrated 
approach builds on the VSA approach introduced by hydrologists to combine nested 
hierarchies of land use and land cover, socio-political structures and hydrological 
heterogeneity. By dividing watersheds into areas that differ in their ability to absorb 
or yield water, a more mechanistic understanding of the water yield from a water-
shed can be achieved. 
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 One of the powers of the watershed approach is that large catchments can be 
divided into smaller catchments, or aggregated into still larger drainages. In other words, 
the source areas can be subdivided or grouped together. Therefore, the watershed 
approach can be scaled to match the extent or grain of the research question, or of 
the model or theory used to link with another discipline. This approach resonates 
with the hierarchical patch dynamics approach (Wu and Loucks  1995 ; Grove and 
Burch  1997  ) . 

 A focus on watersheds also facilities interactions between scientists and deci-
sion makers, which we discuss later in this chapter. In Baltimore, watersheds are 
increasingly a management focus. The Chesapeake Bay, on which Baltimore is 
located, is the largest estuary in the United States, drawing on a watershed that 
intersects seven states. Although it is vast, the Bay is shallow, and pollution has 
reduced its water and habitat quality (Kennedy and Mountford  2001  ) . Policy and 
management decisions are promulgated by public agencies and NGOs such as 
watershed associations and neighbourhood groups in order to reduce nitrogen 
pollution and sedimentation to the Bay. 

 In BES, we focus on a diverse set of watersheds draining the City of Baltimore 
and much of adjacent Baltimore County. These watersheds present a range in size, 
condition, use and history: from industrial and commercial lands along the Inner 
Harbor; to established residential patches of varying densities, structures, and ages; 
to commercial strips and zones; to stable agriculture; rural forests preserves; and 
agricultural land actively being converted into suburban housing and business uses. 
Small catchments have been selected in each of these areas, and the cumulative 
effect of urbanisation on water quality and the pattern of water  fl ow has been sam-
pled and monitored to assess the ecological structure and function throughout the 
metropolis (Fig.  16.8 ).  

 The Gwynns Falls is the largest of our intensively sampled watersheds, covering 
17,150 ha. Gwynns Falls is sampled by three stations on the main stem of the stream, 
focusing on headwaters, middle and upper reaches, and the downstream reach. The 
sampling stations represent a gradient of urbanisation, and the downstream reach 
represents the net output of the watershed. The contribution of the upper reaches can 
be assessed by subtraction. In addition, four tributary subwatersheds of Gwynns 
Falls, representing contrasting land covers, are sampled. The tributary watersheds 
represent (i) dense urban, with industrial and commercial as well as residential land; 
(ii) early twentieth century rowhouse suburbs; (iii) agricultural land in a suburban 
matrix; and (iv) recent low density suburban development. All Gwynns Falls sta-
tions are sampled weekly for water  fl ow and quality. 

 Pond Branch, a tributary of the Baisman Run, serves as the forested reference 
watershed for comparison to the more built-up watersheds. This gauged catchment 
has been sampled weekly for  fl ow and water chemistry. Smaller watersheds were 
added to the sampling network to address speci fi c situations of land cover and man-
agement. The remainder of Baisman Run represents recent large-lot, suburban 
development. Moore’s Run is the location of the atmospheric eddy  fl ux tower, and 
drains heavily wooded older suburbs. Mine Bank Run is the site of a restoration 
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project conducted by Baltimore County, in which BES scientists measure variables 
that can assess the success of the restoration. The Minebank Run project seeks to 
restore stream channel geomorphology, riparian function, and in-stream nutrient 
and organic matter retention. Finally, a 367-ha storm drain catchment, Watershed 
263, in Baltimore City has recently been added to the network. Sampling is con-
ducted in the storm drain pipes in two subwatersheds on the same schedule as the 
major surface drainages. Watershed 263 is an urban restoration and greening project 
to test the impact of extensive tree planting and removal of impervious surfaces on 
storm water quality.    

  Fig. 16.8    BES has instrumented a set of nested and reference watersheds that vary in current, 
historical, and future land use and condition (Figure copyright BES LTER and used by permission 
from O’Neil-Dunne)       

 



39316 Building an Urban LTSER: The Case of the Baltimore Ecosystem Study...

    16.4   Ways of Knowing: Analytical Strategies 

 We employ three analytical strategies, or “ways of knowing” in combination with 
our integrative tools. These three analytical strategies are: (1) Carpenter’s Table, 
(2) Environmental History, and (3) Linkages between Scientists and Decision 
makers. 

    16.4.1   Carpenter’s Table: Long-Term Monitoring, 
Experimentation, Comparative Analyses, and Modelling 

 Research in BES is organised around the idea that long-term social-ecological 
research can be viewed as a table with four legs: long-term monitoring, experi-
ments, comparative analyses, and modelling. This strategy is modi fi ed from an 
analysis by Carpenter  (  1998  ) . The table metaphor suggests that the largest goal of 
the scienti fi c enterprise is understanding or theory, represented by the table top. 
For complete understanding of a topic, such as socio-ecological systems in the 
long term, all four activities must be conducted. To the extent that one or more of 
the activities are absent or poorly developed, understanding will be incomplete 
(Fig.  16.9 ).  
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  Fig. 16.9    LTSER Platforms are similar to a table with four legs essential to the integrity of the 
whole: long-term monitoring, experimentation, comparative analyses, and modelling (Figure 
adapted from Carpenter  1998 )       
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  Long-term monitoring . In BES, long-term monitoring includes a variety of social 
and biophysical data that are organised within our scalable data framework, includ-
ing both extensive and intensive data. Long-term monitoring is intended to con-
tinue for long periods into the future. Consistency of method, overlapping of 
methods when it is necessary to change instruments or approaches, regularity of 
sampling, and continual quality assurance and quality control are features of suc-
cessful long-term monitoring (Likens  1989  ) . The collection of long-term data 
include those from historical sources, such as archives and published records. 
Paleoecological approaches also extend long-term data into the past. 

  Experiments.  Traditional manipulative experiments are dif fi cult to carry out in 
urban watersheds due to concerns about environmental justice and constraints on 
human subjects research (Grove and Burch  1997 ; Cook et al.  2004  ) . However, spa-
tial variation in the nature and extent of land cover, i.e. the urban-rural gradient, 
provides numerous opportunities for experimental variation of factors controlling 
biophysical and social parameters. In addition, management initiatives such as 
efforts to improve sanitary sewer infrastructure, watershed restoration projects such 
as W263 (Fig.  16.8 ), Baltimore City’s Urban Tree Canopy Goal (Fig.  16.13 ), and 
conversion of abandoned lots to community-managed open space represent experi-
mental opportunities, which are sometimes called “natural” experiments in the 
social sciences. These management efforts provide strong opportunities for integra-
tion of biophysical and social sciences and for education and outreach. 

  Comparative analyses.  Comparative analyses occur between social and ecological 
geographies and periods of time within the BES research area. Comparative analy-
ses can also be made with other LTSER projects. 

  Modelling.  A long-term goal of social and biogeophysical modelling activities in 
BES is to establish an “end-to-end system” of models and observational instruments 
to gather and synthesise information on social and biogeophysical components of 
the human ecosystem represented in the PPD framework (Fig.  16.4 ). The objective 
of this synthesis is to understand how individual and institutional behaviours; the 
urban landscape and infrastructure; ecosystem services, other push/pull factors; and 
climate interact to affect water and biogeochemical storage and  fl ux in the urban 
hydrologic cycle; terrestrial and aquatic carbon and nutrient cycling and storage; 
and the regulation of surface energy budgets. BES uses biogeophysical models to 
simulate water, carbon, and nitrogen cycle processes and econometric and structural 
models to simulate locational choices and patterns of land development and change 
at multiple scales across the region. Coupling of these models is intended to provide 
predictive understanding of the feedbacks between environmental quality, ecosys-
tem services, locational choice, and land development and redevelopment. BES 
uses speci fi c policy scenarios aimed at enhancing sustainability in the Baltimore 
region related to water quality and carbon sequestration to motivate its coupled 
modelling and synthesis activities. These modelling activities are crucial for formal-
ising our existing knowledge of how the system functions over time as well as 
identifying gaps in our current theory and observational systems. These models can 
also be used with decision makers to test future scenarios comparing current condi-
tions, future trends, and possible policy interventions. 
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    16.4.1.1   Putting It All Together: From Carpenter’s Table to BES Temple 

 In BES we have taken the structural legs of Carpenter’s table and converted them 
into columns (Fig.  16.10 ). We make this change in order to represent more fully the 
emerging and essential structure for BES research, which combines our integrative 
tools, ways of knowing, and research themes. The visual representation of this 
framework is a classic Greek temple composed of three primary elements. The  fi rst 
element is the foundation of the temple, or scalable data framework, which provides 
the base for all BES activities. This base is made up of pixels, parcels, and plots that 
are organised using our extensive-intensive approach (Figs.  16.6  and  16.7 ). The sec-
ond element of our temple is the four columns to the temple, or research types 
(Fig.  16.9 ). These research types are supported by the data framework and, in turn, 
support the roof of the temple, or research themes from our current research foci. 
Each type of research uses our patch dynamics approach and pursues different types 
and levels of complexity (Fig.  16.5 ) appropriate to the research theme. The roof of 
the temple is made up of our BES research themes. Each theme can be located in 
one of Pasteur’s Quadrants (Fig.  16.1 ) and detailed using the PPD (Fig.  16.4 ).    

    16.4.2   Environmental History 

 Environmental history is a second way of knowing used by BES. Employing histori-
cal methods has several bene fi ts (see Winiwarter et al., Chap.   5     in this volume; Cunfer 
and Krausmann, Chap.   12     in this volume; Gingrich et al., Chap.   13     in this volume). 

  Fig. 16.10    The LTSER data temple, with speci fi c BES research themes included (Figure copyright 
BES LTER and used by permission from Grove)       
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 First, it is good practice for researchers focused on the present and future. We have 
found in our research that historical analyses provide a conducive environment for 
researchers who focus on contemporary systems to work together in understanding 
“why” and “how” socio-ecological processes have operated to produce present-day 
patterns (van der Leeuw  1998 ; Pickett et al.  1999 ; Foster et al.  2002  ) . The time spent 
in collaborating on background issues helps to build trust among researchers – an 
intangible but crucial and constructive element of integrated research. Second, 
historical analyses help build skills for understanding key dimensions of socio-
ecological systems because the past is already integrated (interdisciplinary) and 
phenomena can be located in space and time, and attributed to different social and 
ecological scales. Finally, current and future conditions are often in fl uenced by lags, 
legacies, and path dependencies (cp. Figs.  16.5  and  16.7 ). Thus, it is critical to under-
stand the past because it informs the present and the future.  

    16.4.3   Linking Decision Making and Science 

 A third way of knowing is based upon linking decision making and science. In this 
case, science located in Pasteur’s and Edison’s quadrants are most relevant to this 
discussion. We have found that there are two parts to linking decision making and 
science: a) a framework for identifying linkages between decision making, science, 
and monitoring and assessment, and b) understanding the dynamic feedbacks 
between decision making and science. We note that decision makers are potentially 
made up of a diverse set of actors, including government agencies, NGOs, commu-
nity groups, or individual citizens of all ages. 

    16.4.3.1   Linkages Between Decision Making, Science, and Monitoring 
and Assessment 

 There are several types of linkages between decision making, science, and long-term 
monitoring (Fig.  16.11 ). We describe these linkages with illustrations from BES.  

  Decision making and Science (A).  There are numerous opportunities for decision 
making and research to intersect, and these intersections will be either use-inspired 
basic research or pure applied research. Some examples of activities that are part of 
this intersection include research to understand the ability of riparian areas, forests 
and lawns to take up nitrogen (Groffman et al.  2003  ) , examining the relationship 
between residential land management and crime (Troy et al.  2007  ) , or studying the 
relationships among climate change, vector-borne diseases and public health 
(LaDeau et al.  2011  ) . 

  Decision making and Monitoring and Assessment (B).  Decision makers rely upon a 
variety of data to monitor and assess the effectiveness, ef fi ciency, and equity of their 
activities. These data can be associated with each of the human ecosystem complexes 
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described earlier (Fig.  16.2 ), such as climate,  fl ooding and air quality (physical), 
landcover, tree species and tree health (biological), public health, crime, employment 
and ownership (social), and the distribution and condition of buildings, roads, and 
sanitary and stormwater pipes (built). 

 Increasingly, local governments are making their data publicly available. In the 
case of Baltimore, OpenBaltimore has been developed to provide access to City 
data in order to support government transparency, openness and innovative uses that 
will help improve the lives of Baltimore residents, visitors and businesses. A goal of 
OpenBaltimore is to enable local software developer communities to develop 
applications that will help solve city problems (  http://data.baltimorecity.gov/    ). 

  Science and Monitoring and Assessment (C).  Scientists in BES contribute to long-
term monitoring and assessments. Like (B) above, these data are associated with 
each of the human ecosystem complexes. Further, BES data are structured using the 
scalable data framework described previously. Data are documented with metadata 
and publicly available (  http://www.beslter.org    ). Because BES collects data at parcel, 
neighbourhood, and county levels, and over the long term, comparisons can be made 
among these geographies for a speci fi c point in time, or in terms of trends over time. 

  Intersection of A + B + C (D).  The intersection of A, B, C occurs in D. Activities in 
D primarily involve coordinating activities among government agencies, NGOs, 
BES scientists and citizens. For instance, BES participates in and helps support a 
technical committee and workshops that include mid-level managers from govern-
ment agencies and NGOs focused on urban sustainability issues such as land man-
agement, storm water, and urban agriculture. 

 An important opportunity for decision makers and scientists is that decision 
makers’ policies, plans, and management represent important changes to the socio-
ecological system. In Baltimore, scientists can help monitor and assess past, current 
and future activities. Important lessons can be learned about the effectiveness, 
ef fi ciency and equity of decisions and the underlying social and ecological dynam-
ics of the region. Thus, coordinating activities in D can be helpful to alert scientists 
of decision makers’ plans and provide scientists and decision makers with time 
to initiate monitoring activities before decision makers begin to implement changes 

  Fig. 16.11    Linkages 
between decision making, 
science, and monitoring & 
assessment (Figure copyright 
BES LTER and used by 
permission from Grove)       
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in policies, plans, or management. Some examples of the intersection between 
decision making, science, and monitoring and assessment include research related 
to and technical assistance with the development of Baltimore City’s Urban Tree 
Canopy (UTC) policies, plans and management (   Grove et al.  2006a,   b ; Galvin et al. 
 2006 ; Troy et al.  2007 ; Locke et al.  2011  )  and with urban watershed reclamation 
projects, such as W263 (Fig.  16.8  and   http://www.parksandpeople.org/greening/
greening-for-water-quality/watershed-263/    ). In both cases, BES assists in the 
monitoring and assessment of the projects’ social, economic and ecological costs 
and bene fi ts.  

    16.4.3.2   Dynamic Feedbacks Between Decision Making and Science 

 LTSERs can lead to a dynamic coupling between scientists, interested parties and 
decision makers (Fig.  16.12 ). An example from BES illustrates this opportunity. 
The Baltimore region is characterised by ecologically functional watersheds and 
stream valleys that have contributed to Baltimore’s economic and cultural history. 

  Fig. 16.12    An abstracted cycle of interaction between research and management. The cycle 
begins with the separate disciplines of ecology, economics and social sciences interacting with a 
management or policy concern. In the past, ecology has neglected the urban realm as a subject of 
study, leaving other disciplines to interpret how ecological understanding would apply to an urban 
setting. A management or policy action (Action 

z
 ) results. Management monitors the results of the 

action to determine whether the motivating concern was satis fi ed. Contemporary urban ecology, 
which integrates with economics and social sciences, is now available to conduct research that 
recognises the meshing of natural processes with management and policy actions. Combining this 
broad, human ecosystem and landscape perspective with the concerns of managers can generate a 
partnership to enhance the evaluation of management actions. New or alternative management 
actions can result (Actions 

z+1
 ) (Pickett et al.  2007  )        
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An early test of the BES LTER project was to apply and demonstrate the utility of 
forested, watershed studies from the Coweeta, H. J. Andrews, and Hubbard Brook 
Experimental Forests/LTERs in the United States (Bormann and Likens  1979  )  to 
an urban watershed system. One of the initial questions that BES asked, using a 
watershed approach, was “do riparian zones, thought to be an important sink for N 
in many non-urban watersheds, provide a similar function in urban and suburban 
watersheds?”  

 Somewhat surprisingly, BES analyses found that rather than sinks, riparian areas 
had the potential to be sources of nitrogen in urban and suburban watersheds. This 
 fi nding could be explained by the observation that hydrologic changes in urban 
watersheds, particularly incision of stream channels and reductions in in fi ltration in 
uplands due to stormwater infrastructure, led to lower groundwater tables in ripar-
ian zones. This “hydrologic drought” created aerobic conditions in urban riparian 
soils which decreased denitri fi cation, an anaerobic microbial process that converts 
reactive nitrogen into nitrogen gases and removes it from the terrestrial system 
(Groffman et al.  2002,   2003 ; Groffman and Crawford  2003  ) . 

 Based upon these results, the Chesapeake Bay Program re-assessed their goals 
for riparian forest restoration in urban areas (Pickett et al.  2007  ) . Given that riparian 
zones in deeply incised urban channels were not likely to be functionally important 
for nitrate attenuation in urban watersheds, the programme focused instead on 
establishing broader urban tree canopy goals for entire urban areas (Fig.  16.13 ), 
with the idea that increases in canopy cover across the city would have important 
hydrologic and nutrient cycling bene fi ts to the Bay (Raciti et al.  2006  ) .  

 This science-decision making cycle is dynamic and iterative. The Urban Tree 
Canopy (UTC) example has already progressed through four cycles. After the estab-
lishment of Baltimore’s UTC goal, analyses of the relationship between property 
regimes and urban tree canopy found that an “All Lands, All People” approach 
would be critical for achieving the City of Baltimore’s urban tree canopy goal 
(Action 

z+2
 ). Private lands under the control of households are a critical component to 

achieving any vegetation management goal in the City. Total existing canopy cover 
is 20%, with 90% of that cover located on private lands. Likewise, about 85% of the 
unplanted land area, where potential planting could occur in the future, is on private 
land as compared to under 15% on public rights of way (Galvin et al.  2006  ) . 

 The importance of residential households to achieving Baltimore’s UTC goal led 
to research addressing the relationships between households, their lifestyle behav-
iours, and their ecologies (Grove et al.  2006a,   b ; Troy et al.  2007 ; Boone et al.  2009 ; 
Zhou et al.  2009b  ) . A critical  fi nding from this body of research was that although 
lifestyle factors such as family size, life stage and ethnicity may be weakly correlated 
with socioeconomic status, these lifestyle factors play a critical role in determining 
how households manage the ecological structure and processes of their properties. 
These  fi ndings suggested the need for novel marketing campaigns that differenti-
ated between and promoted UTC efforts to different types of neighbourhoods 
(Action 

z+3
 ). The need to “market” to different neighbourhoods led to the need to 

understand existing and potential gaps in stewardship networks (Dalton  2001 ; 
Svendsen and Campbell  2008 ; Romolini and Grove  2010  )  – both functional and 
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spatial dimensions of the network as a mechanism to communicate and organise 
local, private stewardship (Action 

z+4
 ). 

 Practical bene fi ts from urban LTSER projects are not limited to a LTSER site. 
The  fi ndings and methods developed in Baltimore through these successive science-
decision making cycles have had widespread utility in other urban areas. For 
instance, the tools developed in Baltimore to assess and evaluate existing and pos-
sible UTC have been disseminated through existing Forest Service networks and 
applied to more than 70 urban areas in the United States and Canada (  http://nrs.fs.
fed.us/urban/utc/    ).    

    16.5   Building Process and Maintenance: Platform 
and Programme 

 Platform and programme are like building structure and function. They emphasise 
two related parts of a research “design”. We do not talk much about platforms for 
relatively simple or focused research efforts, because the platform is such a familiar 

  Fig. 16.13    An example of the management-research interaction in Baltimore City watersheds. 
Traditional ecological information indicated that riparian zones are nitrate sinks. The management 
concern was to decrease nitrate loading into the Chesapeake Bay. In an effort to achieve that goal, 
an action of planting trees in riparian zones was proposed. Management monitoring indicated that 
progress toward decreasing Bay nitrate loadings was slow. Results from BES research suggested 
that stream channel incision in urban areas has resulted in riparian zones functioning as nitrate 
sources rather than sinks. In partnership with managers and policy makers in Baltimore City and the 
Maryland Department of Natural Resources, a re-evaluation of strategies to mitigate nitrate loading 
was conducted. This led to a decision to increase tree canopy throughout the entire Chesapeake Bay 
watershed. Baltimore City adopted an Urban Tree Canopy goal, recognising both the storm water 
mitigation and other ecological services such canopy would provide (Pickett et al.  2007  )        
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part of the culture that it hardly seems remarkable. For a single or small group of 
disciplinary investigators, the platform is the two or three bay university laboratory, 
or the experimental  fi eld plot or the glasshouse. Each of these familiar facilities has 
a standard set of  fi ttings and supporting infrastructure. Labs may have benches, gas, 
220 V electric service, fume hoods and the like. The simple  fi eld plot might consist 
of several hectares a few miles from the university campus on the edge of town, and 
equipped with a chain link fence, a padlocked gate and a small storage shed for 
some  fi eld gear. 

 In contrast, for large teams or multidisciplinary groups, or work requiring special 
technology, the platform becomes something quite complex and sometimes massive. 
Examples include the particle accelerators of physics, the telescopes of astronomy 
and the research vessels of oceanography. Even a university  fi eld station or an 
experimental forest is relatively complex. The largest of these are separate proper-
ties, often with administrative of fi ces, laboratories, motor pools, class and meeting 
rooms and dormitories. Field stations sometimes house sophisticated laboratory 
and analytic equipment that facilitate the work of research on site. The  fi ttings and 
support infrastructure for each of these platforms are an order of magnitude greater 
than those of a university lab, greenhouse, or  fi eld plot. A platform serves one or 
more complex questions, or a question that requires extraordinary technology. 
Platforms often, indeed most likely must, serve questions and researchers well 
beyond the identity of the founding investigators or questions. 

 A programme is the suite of research questions, experiments, comparisons, and 
models. Such activities are decided upon by the deliberations of a community of 
researchers, often in collaboration with a funding entity. Complex programmes have 
a number of characteristics. They may bind different disciplines together, reach 
across scales, or take the lead in employing radically different approaches to a 
research question or mission-oriented research problem. As the empirical base of the 
 fi eld(s) expands, and as data are generated through the use of the platform itself, the 
research questions will very likely evolve. New questions will be posed, and old ones 
will be answered or deemed uninteresting in light of advancing understanding. 

 Socio-ecological programmes have many characteristics that suggest the need 
for complex research and engagement platforms. Note that engagement with the 
communities, decision leaders, institutions of governance, government agencies in 
abutting or overlapping jurisdictions, and property holders and managers are require-
ments of successful socio-ecological research. Therefore, research platforms for 
socio-ecological projects must have the capacity and mandate for engagement with 
constituents and stakeholders. 

 Platforms consist of many elements. There are  fi eld sites and laboratories, of fi ces 
and meeting space, dedicated vehicles, instruments for measurement, facilities for 
data management, storage and dissemination, web-based communication and col-
laboration technologies, and analytic software. It is important to recognise that 
many aspects of these platforms are intangible and are more likely to be grounded 
in collaboration science than in engineering. The speci fi c form these components 
take re fl ects the speci fi c research needs, the funding availability, and the intellectual 
network assembled to address the research questions. 
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 This last point about platforms introduces the idea that a programme is inhabited 
by or emerges from a community of collaborators. While it may not be appropriate 
to speak about people as a part of the programme, the latter hardly exists separate 
from them. Hence, a community and its culture are essential to a programme. The 
culture and maintenance of the programme includes such features as the social net-
work of communication, a shared vocabulary, the habits of credit and collaboration, 
the recruitment and assimilation of new scientists and students, and the schedule 
and scope of formal and informal meetings within the project and between the pro-
gramme and interested parties beyond. Crucial to success in socio-ecological 
research is the willingness, training or ability of participants to listen and communi-
cate effectively across disciplinary boundaries, and to understand and respect the 
different expertises and approaches members represent (Pickett et al.  1999  ) . 

 In conclusion, programmes and platforms are inextricably linked as a research 
and engagement system. The platforms employed by vigorous research programmes 
become generators of new questions, new transdisciplinary knowledge, and new gen-
erations of researchers and scholars equipped for work at a farther frontier. Part of the 
challenge in developing an urban ecology research platform is the need to combine 
physical instruments (e.g., Hubble telescope or a NOAA ship) with people. The 
scienti fi c community is used to researchers making the case for building something 
physical. The fact that building an urban ecology research platform sounds too much 
like “community development” to many represents a challenge for this work.  

    16.6   Conclusion 

 We have offered a working blueprint for the design of urban LTSERs based upon 
our experiences since 1997 in Baltimore and more recently in Washington, D.C.. 
We note, however, that the approach to urban long-term socio-ecological research 
described here can apply to any such system. Our architectural metaphor of siting, 
constructing, and maintaining a “building” highlights processes that can support 
research in any socio-ecological system. Using common approaches to LTSER plat-
forms and programmes can help us develop overarching theories for understanding 
differences among urban areas, and among urban, agricultural, and forested sys-
tems. The need for and challenge to LTSERs for all types of systems will only grow 
as societies and ecologies become increasingly intertwined.      
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  Abstract   This chapter introduces place-based, Long-Term Socio-Ecological 
Research (LTSER) Platforms conceptually and in practice. LTER-Europe has put 
strong emphasis on utilising the data legacy and infrastructure of traditional LTER 
Sites for building LTSER Platforms. With their unique emphasis on socio-ecological 
research, LTSER Platforms add a new and important dimension to the four pillars 
of LTER-Europe’s science strategy (systems approach, process-oriented, long-term 
and site-based). In this chapter, we provide an overview of the regionalised or place-
based LTSER concept, including experiences garnered from Platform models tested 
within LTER-Europe, and we discuss the current status of LTSER Platforms on the 
European continent. The experiences gathered in 6 years of practical work and 
development of regional socio-ecological pro fi les as conceptual frameworks in the 
Austrian Eisenwurzen LTSER Platform will be used to assess weaknesses and 
strengths of two implementation strategies (evolutionary vs. strategically managed) 
and to derive recommendations for the future. The chapter represents the close 
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of the  fi rst substantive loop of LTSER research that began in 2003 from conceptualisation 
to implementation and, through the introspective analysis here, a reconsideration of 
the central concepts.  

  Keywords   LTER-Europe  •  LTSER Platforms  •  Eisenwurzen LTSER Platform  • 
 Socio-ecological research  •  Socio-ecological pro fi ling  •  Fuzzy cognitive mapping  • 
 Critical ecosystem services      

    17.1   LTSER as an Intrinsic Element 
of the LTER-Europe Design 

    17.1.1   The Development of LTSER in Europe 

 The emergence of Long-Term Socio-Ecological Research (LTSER) in Europe rep-
resented a profound shift in professional perceptions regarding how policy-relevant, 
proactive research should and could be conducted. The historical development in 
thinking that led to this paradigm shift and the conceptual background are elabo-
rated in detail by Redman et al.  (  2004  )  and in the introduction of this book. The 
following outline sets the stage for understanding the synergies and linkages between 
long-term ecosystem research (LTER) and LTSER as a crucial part of the next gen-
eration of LTER research. 

 Up to the 1990s, the LTER programme focused mainly on studying ecological 
structure and function. Small-scale sites (1 ha to 10 km 2 ) were selected according to 
ecosystem-speci fi c design criteria (e.g. hydrological catchments of small rivers and 
lakes), preferably in semi-natural or natural ecosystems. Based on site measure-
ments, traditional LTER has aimed to document and analyse ecosystem structures 
and processes in order to detect environmental change and its impacts on ecosys-
tems and their natural resources (Mirtl et al.  2009 ; Mirtl  2010  ) . Later in the LTER 
programme, urban LTER Sites were added, such as the US LTER Sites in Phoenix 
and Baltimore (Hobbie et al.  2003 ; Grove et al., Chap.   16     in this volume). However, 
due to the small scale of Sites and biases in Site selection, LTER was constrained in 
explaining cause-effect relationships and larger scale phenomena such as biodiver-
sity loss, often induced by human activities (Metzger et al.  2010 ; MEA  2005  ) . 

 At the end of the twentieth century, national and continental networks for LTER, 
established in the 1980s and 1990s, were assessed regarding their societal relevance. 
Reviews scrutinised the ef fi ciency of knowledge dissemination and adequacy of 
current designs in tackling urgent policy questions, including those related to the 
sustainable use of ecosystem services and the effects imposed on them by global 
environmental change (Hobbie et al.  2003  ) . In a review of two decades of US-LTER 
 (  2011  ) , the reviewers elaborated a list of 27 recommendations,  inter alia  those to 
establish interdisciplinary and cross-site projects and comparisons, to focus on syn-
thesis science and, importantly, to include a “human dimension” in LTER. 

http://dx.doi.org/10.1007/978-94-007-1177-8_16
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 In response to these reviews and on-going self-evaluations, teams in the USA 
and Europe started to promote LTSER to consider socioeconomic drivers of eco-
logical change observed in traditional LTER, such as historical changes in the 
economy, public perceptions of their environment, and land use (Haberl et al.  2006 ; 
Mirtl and Krauze  2007 ; Singh et al.  2010  ) . These efforts also built upon earlier 
publications advocating interdisciplinary research (IDR) among natural scienti fi c 
disciplines (Pickett et al.  1999  ) . 

 Given the timing of the developments outlined above, it became evident to the 
developing European regional group of the International Long-term Ecosystem 
Research (ILTER) network, which started in 2003, that they had to seize the win-
dow of opportunity in order to integrate socio-ecological research from the start of 
their activities (ILTER  2011  ) . In Europe, as elsewhere, researchers were increas-
ingly considering their landscapes as the ecological products of human activity – 
“cultural” landscapes that are contingent upon, and are the historical outcome of, the 
interplay between socioeconomic and biophysical forces (Wrbka et al.  2004  ) . Thus, 
it had become widely accepted that current structures and states of the environment 
across the European continent could not be properly interpreted without taking 
social, environmental and land-use history into account (EEA  2010  ) . Research 
demanded a new package of variables, including population density, land ownership 
settings, and patterns of use of ecosystem services at various scales by diverse and 
competing stakeholders and interactions with nature protection efforts. Accordingly, 
a range of applied interdisciplinary research approaches would be required, along 
with new questions regarding ecosystem valuation (Hein et al.  2006  ) . Thus, the lessons 
from the aforementioned reviews of LTER found fertile and receptive ground within 
the European LTER community. 

 A second key factor facilitated the establishment of LTER-Europe and its LTSER 
component: The Sixth Research Framework Programme (FP6) of the European 
Commission, launched in 2004, promoted a new type of project, called “Networks 
of Excellence” (NoE), which aimed to overcome disciplinary fragmentation and 
foster interdisciplinary integration in the European Research Area. The NoE A 
Long-term Biodiversity and Ecosystem Research and Awareness Network (ALTER-
Net), focused on biodiversity in the ecosystem context as a topical trigger, and pro-
vided a unique framework for (i) integrating the strengths of the existing, but 
fragmented, LTER infrastructure at the site level, (ii) developing a framework for 
identifying interdisciplinary research ideas, planning proposals and delivering 
syntheses on complex socio-ecological problems (Furman et al.  2009  )  and, (iii) working 
at the science-policy interface (Anon  2009  ) . 

 Under the auspices of ALTER-Net, the European regional group of the global 
LTER network (ILTER website), LTER-Europe, was set up with a strong focus on 
LTSER. The next step was the establishment of “ LTSER Platforms ” in hot-spot 
areas of ecological research, which moved LTER-Europe on from conceptualisation 
to implementation.  
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    17.1.2   Conceptual Common Denominators of LTSER 
and Traditional LTER 

 Socio-ecological research utilises inter- and transdisciplinary approaches and adopts 
a holistic conception of human-nature interactions in scrutinising complex cause-
effect relationships and feed-back cycles. It does not necessarily imply a speci fi c 
spatial scale or administrative level, nor must it necessarily extend over long periods 
of time. Framework models of socio-ecological research such as Press-Pulse 
Dynamics (PPD, Collins et al.  2011  ) , the Ecosystem Service Initiative (Shibata and 
Bourgeron  2011  )  or the Driver-Pressure-State-Impact-Response scheme (DPSIR; 
EEA  1999  )  are – on the contrary – generic concepts that aim to maximise the appli-
cability of the model(s) at varying dimensions in space and time. LTSER in Europe, 
in contrast, focused on the characteristics of the speci fi c research setting in terms of 
time and space. Having emanated in the context of evolving the next generation of 
LTER, LTSER strongly mirrors the conceptual pillars of LTER, including (Mirtl 
et al.  2009 ; US-LTER  2011  ) :

    • Systems approach:  LTER contributes to a better understanding of the complex-
ity of natural ecosystems and coupled socio-ecological systems.  
   • Focus on process:  LTER’s research aims at identifying, quantifying and study-
ing the interactions of ecosystem processes affected by internal and external 
drivers.  
   • Temporally long-term:  LTER dedicates itself to the provisioning, documenting 
and continuous collection and use of long-term data on ecosystems with a time 
horizon of decades to centuries.  
   • In situ:  LTER generates data at different spatial scales across ecosystem com-
partments of individual Sites and across European environmental zones and 
socio-ecological regions.    

 By de fi nition, socio-ecological research deals with systems and processes beyond 
the functioning of natural ecosystems (i.e. coupled social-ecological systems), as 
well interactions with other systems and external factors (Grove et al., Chap.   16     in 
this volume). 

 As with the traditional LTER approach, the time dimension is a crucial compo-
nent of the LTSER framework. Humans have been shaping the land and being 
shaped by the land throughout history. This interaction is complex, and includes 
feedbacks and legacies that would be overlooked without proper temporal depth of 
research. The interaction is dynamic at shorter time scales as well, which emphasises 
the need for temporally continuous research and data collection over time. 
Consequently, the paradigms of ecosystem services and sustainability are intrinsi-
cally linked with the time dimension (Nelson  2011 ; Lozano  2008  )  across human 
generations and therefore cannot be properly interpreted without consideration of 
the long term (WCED  1987 ; Costanza and Daly  1992  ) . 

 As with time, LTSER research requires large spatial scales to capture drivers and 
pressures and their long-term impacts, which could not be comprehensively investigated 

http://dx.doi.org/10.1007/978-94-007-1177-8_16
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on the spatial scale of hundreds of hectares (even in LTER-Europe’s network of over 
400 of Sites of that size covering Europe’s environmental zones). Aside from large 
spatial scales, LTSER requires a different focus regarding the location of research 
sites. In order to support fundamental research on ecosystem processes while 
attempting to minimise the effects of anthropogenic drivers and management, the 
selection of locations for traditional LTER Sites was biased in favour of natural or 
semi-natural ecosystems (Metzger and Mirtl  2008 ; Metzger et al.  2010  ) . But these 
anthropogenic drivers, sometimes perceived as ‘disturbances’ that should be 
excluded or at least minimised in LTER, are of special interest in LTSER. Thus, the 
characteristics of the LTER facilities as well as the disciplines involved in research 
do not suf fi ce to investigate socio-ecological systems (Redman et al.  2004  ) . LTSER 
research activities need to address spatial units on a sub-regional to regional scale 
that share a common land-use history and similar environmental conditions. 
Typically, such regions are in the range of 100–10,000 km 2  and more. 

 Nonetheless, due to the similarities between LTER and LTSER programmes and 
the particular evolutionary development of LTSER, it was natural to implement 
place-based LTSER in the context of LTER, thereby adding a new dimension to the 
unique combination of the core characteristics above. The interdisciplinary exper-
tise represented by the ALTER-Net consortium catalysed the development of the 
integrated networks of LTER Sites and LTSER Platforms under the umbrella of 
LTER-Europe. 

 An additional complimentarity between LTSER and LTER is that the former is 
context-driven, problem-focused and interdisciplinary (Mirtl et al.  2009  ) . It involves 
multidisciplinary teams brought together for limited periods of time to work on 
speci fi c, real-world problems collaboratively with stakeholders of concrete regions. 
Gibbons et al.  (  1994  )  labelled this type of work “ mode 2”  knowledge production as 
opposed to traditional “ mode 1 ” research, which is academic, investigator-initiated 
and discipline-based knowledge production. By contrast, mode 2 is problem-
focused, stakeholder-integrating and interdisciplinary. LTER-Europe, by initiating 
the LTSER programme alongside and complementing the continuing traditional 
LTER programme, provides an integrated framework for both types of knowledge 
production, maximising the use of existing infrastructure and data legacies.   

    17.2   From Conceptualisation to Regional Application: 
Place-Based LTSER Platforms 

 This section focuses on the creation of LTSER Platforms in which principles of 
socio-ecological research were put to practice in speci fi c geographic regions. 
“Socio” in this context refers to disciplinary approaches from the economic, social, 
and cultural sciences as well as the humanities. As the major advance here is the 
application of socio-ecological research in a speci fi c location, hereafter we distin-
guish between i) socio-ecological research as a conceptual framework as described 
in the introduction and part I of this book (concepts and methods) and ii) place-based 
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LTSER in regions at the scale of European landscapes representing units in terms of 
environmental history, land use and economic interactions as well as cultural iden-
tity (in the range of hundreds to thousands of square kilometres). LTER-Europe 
contributes to both by implementing LTSER on a regional scale and iteratively feeding 
practical experiences back into conceptual work. 

 Regionalising socio-ecological research in LTSER Platforms signi fi es a para-
digm shift regarding the methods and goals of research. This shift is not on the level 
of individual research projects, but refers to the cooperative and collective goal of 
developing a detailed and holistic understanding of how spatially explicit socio-
ecological systems work by integrating many projects across disciplines and over 
long time periods. This, of course, includes the investigation of socioeconomic 
components of the system and their interaction with the environment. The knowl-
edge that the research aims to generate pertains to (1) sustainable use of resources 
and (2) development of adaptive policies for study regions whose systems are 
changing due to anthropogenic local and global environmental change (e.g. climate 
change adaptation). 

 The quest for this knowledge leads to one of the fundamental components of 
LTSER: the two-directional  fl ow of information between actors in the region (stake-
holders) and researchers (scientists). The actors are any members of the regional 
population, or those who are not from the region but have a distinct interest in the 
region’s ecosystem services. They include any individuals or groups who have a 
vested interest in the area under research – whether that is economic, political, or 
social. The role of such stakeholders in LTSER is threefold: Firstly, the subjectively 
perceived knowledge gaps regarding sustainable use of ecosystem services have to 
be collected across actor groups (which is a scienti fi c challenge in itself, and distin-
guishes the two major approaches of LTSER implementation in Europe discussed 
further below). Secondly, stakeholders assist in de fi ning the key research questions, 
such that these questions are not solely generated from the scienti fi c point of view 
of individual disciplines, but in the framework of an agreed interdisciplinary and 
stakeholder-informed research agenda. Thirdly, in order to identify realistic options 
and limitations for dealing with global changes (e.g. climate change) at the regional/
local level, the region’s social and economic environment must be identi fi ed and 
analysed (threshold interactions across scales and sectors, see below). This  fi nal 
step responds to the apparently contradictory requests for regionalisation on the one 
hand and internationalisation on the other, both on the continental European scale 
and internationally. Developing ILTER global comparisons are attracting increasing 
interest as the LTSER approach is adopted and implemented by a growing range of 
networks (national LTERs and other LTER regional groups, Global Land Project). 

 The process of moving from conceptualising LTSER to the implementation of 
actual regionalised research platforms has proven to be profoundly challenging. In 
fact, each phase of implementation carries with it its own unique challenges, from 
identifying appropriate regions and de fi ning their boundaries to developing the 
common language indispensable for proper interdisciplinary research (Furman et al. 
 2009  ) . In many cases, even the underlying concepts of LTSER are revisited and 
modi fi ed by regional teams. Thus, the physical implementation of LTSER Platforms 
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has been a major long-term effort and requires both a shared vision and a division 
of tasks on the European scale. 

 At the network level, the strategic research intention of the LTSER component in 
LTER-Europe was to establish an infrastructure to facilitate and strengthen socio-
ecological research capacity in the European Research Area. The major socio-ecological 
systems of the European continent (see socio-ecological strati fi cation below, 
Metzger et al.  2010  )  would be represented by at least one LTSER Platform each, 
where exemplary research could take place including the participation in assessments 
and forecasts of changes in structure, functions and dynamics of ecosystems and 
their services, and de fi ning the socio-ecological implications of those changes. 
Regionalised LTSER also has as a goal to de fi ne and address key management 
issues according to local and regional settings. Aside from the research goals 
emphasised above, regionally implemented LTSER should support testing and fur-
ther development of tools and mechanisms for the communication and dissemina-
tion of knowledge across different cultural contexts and social gradients. 

 It is important to note that several additional research bodies have advocated the 
establishment of such a socio-ecological, place-based research programme 
(Carpenter et al.  2009  ) . The interdisciplinary Programme on Ecosystem Change and 
Society (PECS) of the International Council of Science (ICSU website) has recently 
advocated “Place-Based Long-Term Social-Ecological Research” as being key in 
investigating society-nature interactions. In co-operation with UNESCO, this con-
cept shall be fostered according to a 10-year action plan (ICSU 2010   , Programme 
on ecosystem change and society (PECS) – A 10-year research initiative of ICSU 
and UNESCO – Workplan 2010: draft technical paper, Steve Carpenter, chair of 
PECS, personal communication).  

    17.3   Functional Components of LTSER Platforms 

 Analysing the challenges outlined above, physical infrastructure, actors and stake-
holders, research activities and co-ordination/management have been identi fi ed as 
key components in the design of LTSER Platforms (Fig.  17.1 ).  

 In a nutshell, LTSER Platforms are regional hot spots of data and expertise, 
where infrastructure and monitoring, multiple research projects and regional stake-
holders interact synergistically in order to (i) increase knowledge of socio-ecological 
interactions relevant for a sustainable use of environmental resources and (ii) feed 
this knowledge into local and regional decision making and management in the 
pursuit of long-term sustainability. This implies a high level of co-ordination embed-
ding individual projects in a research framework and supporting them with data and 
relevant contacts. 

 The required components of LTSER Platforms are de fi ned according to broad 
research demands to represent functionally and structurally relevant scales and lev-
els on the one hand and characteristics speci fi c to the region on the other. Speci fi cally, 
the de fi nition of the components depends on individual regions’ landscape, habitat 
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types and administrative structures as well as economic, social and natural gradients 
within the target region. 

 The designs of LTSER Platforms that have been established so far in principle 
combine elements of these four functional components with varying priorities 
re fl ected in several chapters on regionalised LTSER in part II and part III of this 
book (Lavorel et al., Peterseil et al., Tappeiner et al., Furman and Peltola in Europe 
and Grove et al. and Chertow et al. in the USA). These priorities and the relative 
importance of individual components also re fl ect existing settings of research (e.g. 
data availabilities) and the complexity of targeted issues. 

    17.3.1   Physical Infrastructure and Spatial Design 

 Regarding physical infrastructure, LTSER Platforms represent clusters of facilities 
supporting LTER activities and providing data. In much previous socio-ecological 
research, studies designed to address interactions between society and natural 
resources suffered from a mismatch between the observed spatial units and the 
related spatial scale of management and political response (Dirnböck et al., Chap.   6     
in this volume). LTSER Platforms seek to avoid these  fl aws by developing nested, 
scale- and level-explicit designs according to comprehensive socio-ecological 
pro fi les (example below). 

  Fig. 17.1    The functional components of LTSER Platforms       
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 With respect to infrastructure, LTSER Platform design distinguishes between 
(i) grid points of regional, national or international monitoring schemes, (ii) local 
infrastructure, such as research centres, museums or laboratories (iii) site-level 
activities representing in-depth ecological research and monitoring in primary habi-
tat types of the Platform region, containing speci fi c sampling or experimental plots 
at  fi ner spatial scales, (iv) intermediate-scale elements such as national parks, bio-
sphere reserves or meso-catchments, and  fi nally (v) landscapes (Fig.  17.2 ). The 
hierarchical design from the site- to the landscape-level and cascaded, harmonised 
sampling and parameter sets enable the systematic assessment of the representative-
ness of individual plots or sites. Elements belonging to higher scale activities, 
including national and international monitoring schemes, are functionally linked for 
further up- and downscaling and crosswise validation (e.g. biodiversity indicators).  

 The adequacy and appropriate composition of existing research infrastructures is 
assessed by means of land cover statistics, habitat and landscape type distributions, and 
environmental parameter gradients (e.g. predominant land use sectors like agriculture 
ought to be covered by applied research on the effects of current and alternative man-
agement practices). 

 In terms of socio-ecological interactions, administrative units such as munici-
palities, districts and provinces offer alternatives for delineating the boundaries of 
the LTSER Platform, or research units within them. The target is to provide correlat-
ing economic, demographic and environmental data with best possible resolution, 
better than the European Units for Territorial Statistics geocode standard NUTS-3 
(Nomenclature d’Unités Territoriales Statistiques; 0.15–0.8 Mio inhabitants) and 

  Fig. 17.2    Infrastructural elements of LTSER Platforms across spatial scales within a LTSER 
Platform region       
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preferably LAU-2, representing the level of individual municipalities (NUTS  2011  ) . 
In one promising example, the project IP SENSOR (Sixth Research Framework 
Programme, European Commission) has managed to collate and integrate national 
census data with national environmental monitoring data on the scale of the entire 
Eisenwurzen LTSER Platform. Based on that matching, project researchers have 
developed sustainability indicators for former mining areas (Putzhuber and 
Hasenauer  2010  ) .  

    17.3.2   Actors and Stakeholders 

 Actor/stakeholder integration into research is one of the most important charac-
teristics that distinguish LTSER research from LTER work. In order to identify 
relevant actors and stakeholders, the geographic extent of the LTSER must be 
identi fi ed, as discussed in the section above and in further practical detail below. 
Actor analyses identify the corresponding interest groups engaged in regional and 
local decision-making, management, administration, regional development, edu-
cation, monitoring, primary research, enterprises, and stakeholders of predominant 
economic and land use sectors. In consultation with key actors/stakeholders, 
socio-ecological pro fi ling (see below) is used to reveal key ecosystem services, 
environmental and economic sectors and social factors and trends driving changes 
in the system. Structured access to these key groups allows for the ef fi cient 
identi fi cation of research demands. Special attention should be given to established 
social networks and multipliers (e.g. regional development associations) and their 
media, which can provide substantive support in recruiting stakeholders, as well 
as disseminating research  fi ndings to the public. 

 Through the integration of stakeholders, LTSER Platforms encourage a process 
of reconciling national and international top down research priorities and policies 
with bottom up, stakeholder-de fi ned research needs of the particular region with 
regard to nature protection, economic development, and assessment and reporting 
of environmental conditions. Collaboration is essential at every stage of the process 
of identifying knowledge gaps, de fi ning research needs, analysing results and trans-
lating results into policy recommendations. Considering that environmental policy 
making is a social process that should re fl ect political realities, social values and 
economic needs in order to maximise potential for success (Cohen  2006  ) , the impor-
tance of integrating stakeholders into LTSER (ranging from local decision makers 
to regional developers to global conservation institutions) is self-evident.  

    17.3.3   The Research Component of LTSER Platforms 

 The research component of LTSER Platforms consists of research projects with best 
possible complementarity (Fig.  17.3 ), ranging from speci fi c disciplinary projects to 
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complex synthesis projects, both anchored in a research framework customised for 
the socio-ecological pro fi le of a speci fi c region (see section on socio-ecological 
pro fi ling below).  

 LTSER’s two major principles guiding its research programme are i) transdisci-
plinarity, i.e. the involvement of non-scienti fi c stakeholders into the research process 
aiming to support regional decisions towards sustainability (Haberl et al.  2006 , Haas 
et al., Chap.   22     in this volume) and, ii) interdisciplinarity, integrating natural sciences, 
social sciences and the humanities. Transdisciplinarity is particularly important in 
the de fi nition phase of projects and in the translation of results into knowledge-
based guidelines for administration and management, which might be supported by 
accessory implementation projects funded from sources other than the research 
itself (e.g. LEADER, LIFE+, Interreg in Europe). LTSER Platforms and their mul-
tidirectional space for communication are speci fi cally constructed for developing 
interdisciplinary research (IDR) on complex socio-ecological questions. The 
research programmes of Platforms involve more than one disciplinary approach and 
their research teams closely scrutinise the particular roles of each discipline and, 
crucially, their interlinkages. ALTER-Net has developed a framework for identify-
ing interdisciplinary research ideas, planning proposals and delivering syntheses 
(Furman et al.  2009  ) . This framework can be used when developing research strategies 
in the LTSER Platforms. 

 Thematic areas of research in LTSER Platforms include (i) process-oriented eco-
system research (basic scienti fi c research; investigation of functionally and structur-
ally important ecosystem components; long-term impacts of drivers and combinations 
of drivers upon ecosystem functions and services), (ii) biodiversity and conserva-
tion research (documentation of the status, trend and functional relationships of 
species; safeguarding the long-term survival of species, their genetic diversity, and 
ecological integrity; functionality of habitats and ecosystems) and (iii) socio-
ecological research (basic socio-ecological research: Society-nature interaction, 
socio-ecological transitions; land-use/land-cover change; social perceptions of 

  Fig. 17.3    Hierarchy of 
research projects in LTSER 
Platforms       
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environment and environmental change, changes in resource utilisation; environmental 
history and historical sustainability research; transdisciplinary and participative 
research; integrated socio-ecological modelling and scenarios) (Mirtl et al.  2010  ) . 

 Hardly any project of one thematic area does not overlap with others when deal-
ing with socio-ecological questions (e.g. the impact of game management on tree 
regeneration and forest species composition). In this sense, LTSER is an approach 
which challenges and changes the routines of academia. Although there have been 
many mainly programmatic discussions about these principles for decades, (“mode 
2-”, “mode 3-” and “post-normal science”, e.g. Funtowitz and Ravetz  1992  ) , major 
parts of the scienti fi c community in general still remain sceptical regarding the 
potential for interdisciplinary research to contribute to our understanding of the 
world. Inter- and transdisciplinarity are sometimes seen as competing against disci-
plinary excellence (experiences from the ALTER-Net project mentioned above and 
managers of European LTSER Platforms, according to the LTSER workshop held 
in Helsinki, June 2011). LTSER Platforms have the potential to serve as experimen-
tal laboratories in which classic disciplinary research is combined with inter- and 
transdisciplinary research towards both scienti fi c excellence and relevance to real-
life challenges. Continuous accompanying research (Kämäräinen  1999  )  within 
LTSER Platforms is one of the key instruments to enable that combination and to 
support researchers from different disciplines and stakeholders from several societal 
groups in moving LTSER forward. 

 In contrast to conventional evaluation processes, accompanying research within 
LTSER should be seen as the common responsibility of all researchers and stake-
holders involved and should focus on integration rather than on quantifying output. 
The responsibility for stimulating integration can be assigned to several individual 
researchers, who would be required for a certain time to travel and, by means of 
participant observation, to learn about the main points of research at different Sites. 
Although LTSER focuses on research relevant to its geographic area, coordination 
between LTSER Platform teams is crucial for maintaining a minimal level of com-
parability between Platforms. Project teams within and between LTSER Platforms 
should observe each other, looking for potentially con fl icting basic assumptions and 
for paradigms underlying their research, and functioning as an internal “quality 
control” body. Further, teams should attempt to maintain a degree of commonality 
between the Platforms, which is crucial to the larger continental and global goals of 
comparability and assessing the impact of global processes in the local setting (Mirtl 
et al.  2009  ) . 

 Conventional evaluation processes measure the scope of scienti fi c output (e.g. 
published papers in academic journals). LTSER Platforms could and should be 
evaluated with conventional instruments of this kind. However, the appropriate 
evaluation and competitive chances of LTSER projects are constrained, as long as 
the ability of LTSER to generate realistic environmental/natural resource policy 
recommendations for stakeholders – based on both their input and research results – is 
not, in addition to that, acknowledged based on its societal relevance.  
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    17.3.4   LTSER Platform Management, Co-ordination 
and Communication Space 

 It has been recognised by the LTER community that LTSER requires a Platform 
management and co-ordination team, secured for the long term and providing a 
wide range of services implied from the sections above. Amongst these services are 
communication space (meetings, website, bilateral contacts, local to global con-
tacts), conceptual work (see following chapter “Socio-ecological pro fi ling”), project 
development, networking across interest groups, disciplines and stakeholders both 
nationally and internationally, results dissemination, communication with the broader 
public, education, youth and researcher training, data integration and policy, data 
management, development and provisioning of IT tools, representation (nationally, 
internationally), lobbying and fundraising. An example for how these services have 
been implemented in detail is given by Peterseil et al. (Chap.   19     in this volume). 

 Successful LTSER depends strongly on internal factors, and  fi rst and foremost on the 
quality and content of scholarly exchange within the community. The conscious design 
of communication processes between different disciplines and between science and the 
public is crucial. Therefore, the “platform communication space,” must be a multidi-
mensional environment that allows for people from different technical and cultural 
backgrounds to understand one another. It uses a variety of media and communication 
formats to support the implementation of the transdisciplinary and participatory 
approaches necessary to adopt research agendas to regional and local needs and to 
achieve access to and involvement of the regional population, key stakeholders and 
decision-makers, all of whom can be seen as bene fi ciaries of the knowledge produced. 

 The same is true for science when it comes to the required data access and data 
 fl ows. Without central facilitation, providing required data for complex LTSER 
projects alone would exhaust individual projects, even if these data were available 
for free. LTSER requires quick data exchange, ideally based on IT solutions, and 
the integration of dispersed data sources (ontologies, tools for semantic mediation). 
The LTSER Platform must therefore secure funding for numerous aspects of man-
agement, initiating, supporting and documenting research. Basic funding has to be 
ensured by the committing institution or by national funding programmes. Additional 
funding may be necessary for instrumentation, data and projects running on the 
Platform. Once the LTSER Platform is up and running, periodic funding will also 
be needed for synthesis projects.   

    17.4   Socio-ecological Pro fi ling – Applying Tools and Various 
Conceptual Models to Socio-ecological Systems 

 The initiation of an LTSER Platform is aided by the adoption of conceptual models 
through which a socio-ecological pro fi le can be developed. Such a pro fi le distils the 
multiple social and ecological variables and their complex interactions operating 
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within the Platform into the primary components important to study. These components 
are de fi ned primarily through expert knowledge of the LTSER team and the local 
knowledge accrued through stakeholder mapping. The process of creating the pro fi le 
can be considered as part of the scienti fi c co-ordination activities of the Platform 
management. As a collective approach involving all actor groups, it is a typical 
outcome of the Platform’s communication space. Participants perceive it as a com-
mon reference point to anchor their activities and projects. 

 Mapping the socio-ecological pro fi le of a LTSER Platform region with the assis-
tance of several conceptual models has increased the robustness of the pro fi le in 
terms of acceptance and collective ownership by different disciplines and stake-
holders. Unifying concepts increase the potential to parameterise additional socio-
ecological models and helps establish a common research denominator across 
Platforms. Last but not least, the qualitative and semi-quantitative knowledge repre-
sented by several regionalised conceptual models form a sound basis for inter-
Platform comparisons, nationally, continentally and on the global scale. This is 
exempli fi ed below for the case of Eisenwurzen LTSER Platform in Austria (Peterseil 
et al., Chap.   19     in this volume), where researchers have shown how a regional socio-
ecological pro fi le can facilitate the identi fi cation of system properties (e.g. relevant 
ecosystem services) as well as similarities with other socio-ecological systems. 

    17.4.1   Overview 

 The entire research community and several stakeholders were involved in at least 
one of the following steps extending over 3 years: 

  Step 1: Fuzzy cognitive mapping  was used to develop an integrated view of key 
elements and their interactions (direction, strength), based on mindmaps of individual 
actors and stakeholders. The results of the cognitive mapping re fl ected a collective 
perception of the region, which then served as a primary input for parameterising an 
Integrated Science for Society and Environment (ISSE) model (Collins et al.  2007  ) . 

  Step 2: Critical ecosystem services : Identi fi cation of the critical ES, direction of 
change, primary drivers of change, public awareness of the ES, and institution(s) 
that manage the ES. 

  Step 3:  The  ISSE model  (Integrated Science for Society and the Environment): 
This framework has been proven to provide an excellent basis for interdisciplinary 
teams working in a region (Collins et al.  2007,   2011 ; Grove et al., Chap.   16     in this 
volume). As the Eisenwurzen Platform showed, an LTSER Platform is unlikely to 
conduct just one project covering all socioeconomic and ecological systems. More 
likely there will be several potential projects on de fi ned interfaces between the 
socioeconomic and the ecological system. The framework accentuates the short-
comings of disciplinary sciences. With the model available to all participants, the 
“bigger picture” of the system becomes clearer and linkages can be drawn by the 
scientists between their  fi elds and their work. 
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  Step 4: Threshold interactions:  Identi fi cation of threshold interactions between 
environmental and socioeconomic dynamics at multiple scales, and forecasting the 
effects of these interactions on ecosystem services and ecological resilience (Kinzig 
et al.  2006 ; Holling  2001  ) . 

  Step 5: Use of the robust socio-ecological pro fi le  in other conceptual models (e.g. 
DPSIR) and comparative assessments. 

 Steps 2–4 were done in the frame of the Ecosystem Services Initiative (ESI) 
within the ILTER Network. The Millennium Ecosystem Assessment utilised an 
approach to quantify ecosystem services in order to understand the value of ecosys-
tems to humans (MEA  2005  ) . In a similar vein, the ILTER Science Committee 
commenced the ESI to develop and apply threshold interaction models for selected 
biomes across the world. The initiative includes ISSE, Critical Ecosystem Services 
and Threshold Interactions as models and approaches for the understanding and 
rating of ecosystem services (Shibata and Bourgeron  2011  ) . These models were 
applied in LTSER Platforms and LTER Sites across Europe (Kiskunság, Hungary; 
Donana, Spain; Eisenwurzen, Austria; Gascogne, France; Leipzig-Halle, Germany; 
Uckermark, Germany; Lake Päijänne, Finland; Central Poland, Poland). A synthesis 
within and among biomes of culture-speci fi c, socioeconomic dynamics leading to 
increases or decreases in resilience of ecosystems is still ongoing. 

 We now expand on each of these steps as applied in the case of Eisenwurzen 
LTSER Platform in Austria.  

    17.4.2   Step 1: Fuzzy Cognitive Mapping: Collecting 
Socio-ecological Data from Stakeholders 

 Fuzzy cognitive mapping is a participatory modelling approach which allows the 
depiction of causal relations between important elements of coupled society-nature 
systems as they are perceived by stakeholders. A cognitive map like a Fuzzy 
Cognitive Map describes a system by showing the central factors and their causal 
relations, represented by weighted arrows, as a  directed graph.  Fuzzy cognitive 
maps are drawn by the stakeholders in an interview setting. Maps of different stake-
holders can be merged to gain a broader system view. Combined maps can also be 
used to run scenario-analysis (Kosko  1986 ; Özesmi and Özesmi  2004  ) . From 
autumn 2007 to spring 2009, six case studies were conducted in different LTSER 
Platforms across Europe using Fuzzy Cognitive Mapping. In order to analyse the 
fuzzy cognitive maps a freely available software was developed (  www.fcmapper.
net    ). In the context of the study the LTSER Platforms proved to be excellent work-
ing environments for this purpose due to established communication structures and 
good access to stakeholders (Wildenberg et al.  2010  ) . 

 Figure  17.4  shows a simpli fi ed FCM derived from two interviews in the 
Eisenwurzen LTSER Platform. If the ‘area under intensive farming’ increases, 
the ‘income of farmers’ will increase and ‘biodiversity’ is expected to decrease. On 
the other hand ‘biodiversity’ is in fl uenced positively by a ‘diverse landscape structure’ 
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which itself depends on the ‘number of active farmers’. The relatively weak link 
between ‘biodiversity’ and the ‘income of farmers’, which drives the ‘number of 
farmers’, re fl ects a low level of subsidies for using extensive farming techniques.  

 Experiences from using FCM in the LTSER Platform context showed that it is a 
promising explorative method for LTSER, as it depicts complex socio-ecological 
systems in terms of the perceptions and mind models offered by people living in an 
area. They represent a vital component in every linked human-nature system. 
Another strength of FCM is its interactive and social learning component and its 
ability to handle all kinds of knowledge systems, making it suitable for “mode 2 
research” (Gibbons et al.  1994  )  and stakeholder involvement for conservation plan-
ning or educational purposes. In the case of Eisenwurzen, FCM contributed to the 
development of decision trees for an agent based model (Gaube and Haberl, Chap.   3     
in this volume) and the conceptual models presented below. 

 Figures  17.5 ,  17.6 ,  17.7  and  17.8  are schematic representations of diverse con-
ceptual models. All were parameterised for the Eisenwurzen LTSER Platform 
region to assist in organising, clarifying and identifying the important elements and 
feedbacks within the socio-ecological system of the montainous    post-mining area 
(described in detail by Peterseil et al., Chap.   19     in this volume).     

 We selected one critical process in the region, a case study, as trigger to demon-
strate the stepwise elaboration and structured description of elements and their 
interactions across the models. 

 Due to: (i) the decline of the iron producing industry with its high energy demand, 
historically served by timber, and current low timber prices and (ii) land abandon-
ment caused by depopulation, forests have been continuously reclaiming the central 

  Fig. 17.4    Schematic fuzzy cognitive map derived from two interviews in the Eisenwurzen LTSER 
Platform – Austria       
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parts of the Eisenwurzen region since the nineteenth century. Relying on the scenic 
cultural landscape, tourism has become an important alternative source of income. 
However, closed forests reduce the beauty of the area as it is subjectively perceived 
by tourists and also give local inhabitants the impression of being “overgrown by 
forest”, a situation which is interpreted as signifying loss of importance and 
marginalisation.  

  Fig. 17.6    Interactions of key elements and factors in the socio-ecological system across sectors 
(environment in  greens  and  blue , economy and society in  white  and  grey ) and scales in the LTSER 
Eisenwurzen (Austrian contribution to the ILTER Ecosystem Service Initiative)       

Fresh water

Fibre(wood)

Recreation &
Eco-tourism

Sense of place

Natural hazard
regulation

Water 
regulation

-1

0

1
Freshwater

Fibre
(wood)

Recreation
& eco-
tourism

Sense of
place

Natural
hazard

regulation

Water
regulation

Historical

Eisenwurzen-
LTSER
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    17.4.3   Step 2: Critical Ecosystem Services 

 Ecosystem Services (ES) are widely regarded by LTSER teams as excellent com-
mon currency for cross-Platform comparisons (Dick et al.  2012  ) . ES are appropriate 
in several ways to trigger interactions in socio-ecological systems. They represent 
objects of concern to stakeholders, and they are the conceptual link in models 
between the human and the natural sphere (Costanza et al.  1997  ) . Key ecosystem 
services or “Critical Ecosystem Services” of the Eisenwurzen region were identi fi ed 
and scenarios for their relative importance in the future were developed,  inter alia , 
by the use of information on relative importance, form of interaction and stakeholder 
expectations for the future from the Fuzzy Cognitive Mapping in combination with 
interdisciplinary expert knowledge (see above). 

 In terms of our case study, we can identify the negative relations between  fi bre 
production and recreation and local identity (feeling at home) (Fig.  17.5 , left). 
Competing ecosystem services and related concerns of the local population with 
respect to afforestation are clearly re fl ected in the right part of Fig.  17.5 , showing 
that sustainable income is, in the future, expected from eco-tourism rather than from 
timber production (Gaube and Haberl, Chap.   3     in this volume) 

 The concept of ecosystem services can be used to link social and ecological sys-
tems into an integrated, multi-scaled socio-ecological system. In preparation for 

  Fig. 17.7    Socio-ecological pro fi le of the LTSER Eisenwurzen Platform according to the ISSE/
PPD framework (Collins et al.  2007,   2011  ) : The conceptual elements, described by Grove et al. 
(  Chap. 16     in this volume) are parameterised based on comprehensive analyses combining disci-
plinary scienti fi c expertise and primary stakeholders perception (Fuzzy Cognitive Mapping)       
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regionalising the ISSE model for the Eisenwurzen region, the interactions of key 
elements and factors in the socio-ecological system were mapped across sectors. 
The interplay described in our  case study  between forest encroachment, residential 
quality and income from tourism and forestry is again evident in the upper and central 
part of Fig.  17.6 , but is now embedded in the broader context of human-nature inter-
actions of the region. External drivers such as demographic change and transport 
infrastructure become visible (to the right).  

    17.4.4   Step 3: ISSE/PPD Feedback Loop Model 

 The ISSE (Integrative Science for Society and Environment) feedback loop model 
framework was developed in 2007 under the US-LTER strategic research initiative 

  Fig.17.8    Thresholds (T) and their interactions (I) across sectors (environment, economy, society) 
and scales in the Eisenwurzen LTSER region (Austrian contribution to the ILTER Ecosystem 
Service Initiative according to Kinzig et al.  (  2006  ) )       
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“Integrative Science for Society and the Environment” (ISSE, Collins et al.  2007  )  
and further developed into the PPD (Pulse and Pressure Dynamics) model (Collins 
et al.  2011  ) . Graphs and a detailed theoretical overview are given by Grove et al. 
(Chap.   16     in this volume). The framework identi fi es two fundamental linkages 
between social and ecological systems. On the one hand, the social system, encap-
sulating political, economic and demographic trends among others, has a direct 
impact on ecological systems via presses (steady long-term changes, such as agri-
cultural and urban expansion) and pulses (profound, non-routine changes, like 
wild fi res and oil spills). On the other hand, modi fi cations of ecological systems 
result in a change in the amount and types of ecosystem services provided to human 
societies. External factors, such as natural climate cycles, are also driving change in 
the ecological systems and therefore ecosystem services. 

 Regarding the case study, the elements presented needed to be assigned to the 
above categories. As seen in Fig.  17.7 , land cover such as closed forests belong to 
the ecosystem structure (biophysical template to the left) providing the ecosystem 
services of timber production and recreation (bottom). The social template on the 
left contains the use of the services, including generation of income from tourism 
and creation of infrastructure, such as streets for commuting. These contribute to the 
disturbance regimes (pulses and presses) in the centre. Depopulation and changes in 
land use act as long-term presses that impact upon biophysical components such as 
land cover, which closes the loop. External drivers, such as market prices for timber 
and steel, seen above complete the ISSE modelling of the case study.  

    17.4.5   Step 4: Threshold Interactions 

 Even though ISSE is a feedback loop model, it still provides a static picture of the 
socio-ecological system. Socio-ecological pro fi ling, however, aims at identifying 
potentially irreversible system alterations. Most accounts of thresholds between 
alternate regimes involve a single, dominant shift de fi ned by one, often slowly 
changing variable in an ecosystem. Kinzig et al.  (  2006  )  develop a “general model” 
of threshold interactions in socio-ecological systems across spatial scales. Their 
generalized model of threshold interactions as parameterised for the Eisenwurzen 
region (Fig. 17.8 . 8) shows all possible combinations of domains and scales and the 
possible interactions between regime shifts for various domain-scale combinations. 

 Revisiting the case study, we identify the transition between closed forest and a 
landscape mosaic on the top right (box T 3). This interacts (arrow I 3 to the right) 
with the threshold between attractive and unattractive landscape (T 10, bottom right) 
impacting (I 14) upon quality of life (T 9) at the bottom. Population density (T 8, second 
row from bottom) drives timber use and land cover (T 5 and T 6) above. The generic 
picture in Fig.  17.5  has been detailed and structured to a level enabling systematic 
documentation and comparisons with other systems. Moreover, strengths of interac-
tions and critical system conditions (thresholds) can be speci fi ed based on empirical 
regional knowledge (e.g. the critical level of forest coverage). 

http://dx.doi.org/10.1007/978-94-007-1177-8_16
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 The elaboration of the Eisenwurzen LTSER socio-ecological pro fi le represented 
a cornerstone in developing common ground for the LTSER community and regional 
stakeholders. Individual project leaders acknowledged the framework’s value in 
anchoring their respective projects within the system context and af fi rming and 
 reinforcing the social and policy relevance of the work. We stress that these models 
were either commandeered by or developed speci fi cally to suit the research needs of 
LTSER. In this way, LTSER has served as a laboratory for the increasingly emphatic 
demand for societally relevant ecological research.   

    17.5   Implementation of Individual LTSER Platforms – Process 
and Experiences 

 Although the LTSER concept is still in its infancy, the European LTER network 
has accrued signi fi cant experience over the past decade in setting up LTSER 
Platforms. In this section, we present best-practice guidelines for establishing 
Platforms, based on the accumulating experience of Platform management teams 
across Europe. 

 Selecting a suitable region for the LTSER Platform is recommended as a  fi rst 
step, and such decisions are often made due to practical, rather than theoretical con-
siderations (outlined in previous sections). Historically, the development of LTER-
Europe was, at the request of the European Commission, to be based on existing 
infrastructure wherever possible. So it was logical that the  fi rst step in de fi ning 
potential areas for LTSER capitalised on inventories of existing infrastructures at 
the national level such as LTER Sites, well-equipped sites of ecosystem monitoring 
schemes, protected areas, National Parks, Biosphere Reserves etc. carrying out tra-
ditional ecosystem research in habitats typical for the region (Mirtl and Krauze 
 2007 ; Mirtl et al.  2009 , Mirtl  2010  ) . LTSER Platforms are often, but not exclusively, 
established by building on existing LTER Sites, thus bene fi ting from the data legacy 
and associated facilities. 

  Selection criteria  for appropriate LTSER Platform regions beyond the infra-
structural component are:

   Well-documented land-use history, cultural and socioeconomic unity;  • 
  Active, well-established institutions (research institutions, non-governmental • 
agencies, private sector, and government agencies);  
  Research covering ecosystem services of relevance for the region;  • 
  Research on alternative management practices;  • 
  Availability of reference areas (undisturbed natural habitat(s), or at least the most • 
undisturbed possible, typical for the region);  
  Coverage of socio-ecological gradients of the biogeographical regions;  • 
  Interest among local stakeholders, government and policy makers for policy-• 
oriented research;  
  Eventual closure of network gaps on the European scale (see below).    • 
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 Once potential localities for Platforms have been identi fi ed, further pre-selection 
ought to consider (i) the LTER-Europe criteria/descriptors for LTSER Platforms 
(comprising aspects of infrastructure, data and data availability, access to key actor 
groups and streamlined activities) (LTER-Europe website, key documents), (ii) the 
scienti fi c interests and strengths of the national and local research communities and 
(iii) the importance of the environmental zone which the area represents (pressures, 
con fl icts, ecosystem services). From the European perspective, national networks 
are expected to help improve the coverage of the network as far as possible and 
eventually all environmental zones (EnS) and socio-ecological zones (LTER Socio-
Ecological Regions) should be represented by LTER Sites and LTSER Platforms. 
The coverage of European LTER facilities across 48 socio-ecological strata was 
tested by Metzger et al.  (  2010  )  and gaps identi fi ed. Each national decision on a new 
Platform enables the possible closure of such gaps in the network. 

 After the location of a new LTSER Platform is selected, the boundaries of the 
Platform region must be delineated. Because Platforms are to capture socio-ecological 
systems and their interactions, social (as well as ecological) boundaries must be 
considered. Therefore, Platforms may be delineated by political/administrative bor-
ders or by other existing borders (e.g. biospheres or national parks). Alternatively, 
the boundaries may be left only vaguely determined, and allow for individual 
research questions to determine boundaries. 

 In order to ensure the long-term administrative and economic stability of the 
Platform, a consortium of major regional research and policy institutions (e.g. uni-
versities, government agencies, major NGOs) often form the core group promoting 
and implementing LTSER Platforms. As their mission usually stretches over decades, 
they offer ideal settings for hosting LTSER Platform management. Ideally the 
Platform management is funded by the main bene fi ciaries of its services. Through 
promotional campaigns, workshops, and meetings with individuals and institutions, 
the LTSER concept and goals are advertised in relevant communities in order to 
invite interested parties and expand the LTSER Platform consortium. A Memorandum 
of Understanding (MoU) is written with the input of the growing management team 
and consortium, which should address the scienti fi c and practical goals, governance 
structure and data policy of the Platform. Stakeholders may receive a feeling of 
empowerment and “buy-in” if they can contribute to the memorandum. This docu-
ment will be useful, not only to clarify positions and aims, but also to lobby for the 
Platforms. The MoU will also guide the LTSER Platform management in setting up 
and providing speci fi c services as speci fi ed in the document. 

 Spatial delineation will also drive data collection. As empirical socio-ecological 
research capitalises on data and information from different realms, these data need to 
refer to the same spatial units. In most cases the best available economic and census 
data are provided with a resolution at the level of municipalities. However, when mov-
ing from LTER Sites to LTSER Platforms, problems arise when ecological and social 
borders do not match. The Platforms, with boundaries also delineated by research 
questions and policy needs, provide a  fl exible framework to deal with this problem. 

 De fi ning the goals and scope of the LTSER Platform is a most crucial phase in 
the establishment of the Platform. While the entire process should be  fl exible and 
iterative, a careful set of research goals will assist the LTSER team in remaining 



43117 Development of LTSER Platforms in LTER-Europe: Challenges...

focused on their objective, as well as in expressing themselves articulately to poten-
tial partners, funders and stakeholders. The LTSER team should match goals to the 
capacity of their team – academically, monetarily and taking uncertainties into 
account. A set of “meta-goals” will supplement and frame the local goals. These 
meta-goals shall serve as a common denominator for the comparison of data across 
LTSER Platforms. Meta-goals will be informed by the recommendations of the 
LTER-Europe Expert Panel Science Strategy and the international LTSER research 
agenda. This is crucial in the context of being part of a network, and for building the 
foundation for harmonisation of research activities and comparability of experi-
ences and research results across regions. Two concepts important for LTSER goal-
setting are that LTSER research programmes should adhere to the principles of 
sustainability science, and that LTSER research should be conducted using a com-
mon conceptual model (see previous sections). 

 There are two basic approaches in implementing LTSER Platforms:

   Strategically managed and all inclusive: as outlined above, especially in cases of • 
high complexity in terms of Platform size, number of participating institutions, 
actor groups, etc., the inclusion of stakeholders from the beginning is important 
for developing a user-oriented research agenda. This approach requires substan-
tial resources for co-ordination and central services.  
  Project-based, evolutionary: An alternative approach is to start from the bottom • 
in a project-oriented and iterative way. Here mainly research institutions develop 
a research strategy, plan research activities jointly and, if possible, build the mon-
itoring infrastructure necessary for the planned research. This approach is par-
ticularly bene fi cial where innovations in research approaches are required. One 
risk of a top-down approach dominated by one group, e.g. traditional ecological 
research is that the framing of the research might not open space and build moti-
vation for other disciplines to enter into LTSER research.    

 The LTSER Platforms established so far vary considerably in composition, size 
and targets. Whereas some follow an integrated regional approach considering the 
entire policy cycle from user-oriented knowledge generation to management and 
political measures, others are rather clusters of site-based research concentrated in a 
speci fi c area. There is clear evidence of a trend towards integrated approaches. As 
pointed out earlier, only structured – and where necessary, formalised – access to key 
actor groups allows for the identi fi cation of research demands as regionally perceived 
and for the dissemination and implementation in practice of research  fi ndings.  

    17.6   LTSER Platforms Across Europe – Status of the LTER-
Europe Network on the Continental Scale 

 Although implementing even a single LTSER Platform is a complex challenge, the 
European ambition was to build place-based socio-ecological research capacity in 
the European Research Area, where each of the major socio-ecological systems of 
the European continent (see below) would be represented by at least one LTSER 
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Platform in order to exemplarily investigate socio-ecological interactions. LTER-
Europe currently comprises formal national networks in 21 countries and emerging 
networks in about 5 countries (Fig.  17.9 ). The physical network consists of about 
400 LTER Sites and 31 LTSER Platforms (as of 2010).  

 For the LTER Socio-Ecological Strati fi cation (LTER-SER, Metzger et al.  2010  ) , 
the European environmental zones (EnS) used in the Millennium Assessment 
(Metzger et al.  2005 ; Jongman et al.  2006  )  were combined with a newly developed 
socioeconomic strati fi cation based on an economic density indicator. This enabled 
the LTER team to overcome both the limitations in data availability at the 1 km 2  
resolution across Europe and in distortions caused by using administrative regions 
(NUTS  2011  ) . The resulting 48 socio-ecological systems are re fl ected in the map of 
Europe depicted below in Fig.  17.10 .  

 In recent years, the LTSER component of LTER-Europe has developed quickly; 
In 2008, only 23 LTSER Platforms (5 as emerging) were registered in the LTER-
Europe Infobase (LTER-Europe website/information management). The 31 LTSER 
Platforms that are now operating are spread over 17 countries (Fig.  17.10 ) and cover 
all 48 socio-ecological regions (some Platforms are big enough to contain more than 
one socio-ecological region). A gap analysis in 2008 showed weak coverage in the 
Atlantic North because the few remaining countries without LTER were concen-
trated in this area (Belgium to Norway, see Fig.  17.9 ). Another gap in the 
Mediterranean South has started to close with the strong LTSER involvement of 
Israel. In addition, desert environments are now included through LTSER Platforms 
in Jordan (emerging network) and Israel. 

 According to the rules and governance of LTER-Europe, the national LTER net-
works are responsible for choosing the LTER Sites and LTSER Platforms in their 
respective countries. LTER-Europe provides a framework to assist in national net-
work building and decision-making. Under the auspices of ALTER-Net, a set of 
criteria for LTER networks, LTER Sites and LTSER Platforms was developed in 
2005 and formally adopted in 2008 (LTER-Europe website/key documents). Criteria 

  Fig. 17.9    Geopolitical coverage of LTER-Europe (as of 2010; Mirtl et al.  2010  )        
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are continuously updated according to accumulated experiences on feasibility and 
identi fi ed weaknesses. In the case of LTSER Platforms and given the early stage of 
the application of the LTSER concept, these “criteria” have so far been applied as 
“descriptors”, supporting comparative description of LTSER Platforms rather than 
as hard selection criteria. 

 LTER-Europe also provides cross-country analyses to promote decisions that 
optimise the division of tasks within the European Research Area. LTSER- and 
IDR-issues within LTER-Europe are governed by the Expert Panel on LTSER 
(  www.lter-europe.net    , Mirtl et al.  2009  ) .  

  Fig. 17.10    Location of 31 European LTSER Platforms in 2010 (including  fi ve preliminary 
Platforms). The map re fl ects the 48 socio-ecological systems of Europe (Metzger et al.  2010  ) . 
Environmental zones are colour-coded. The brightness of each colour varies according to the eco-
nomic density, varying between < 0.1 Mio €/km 2  (lightest) and > 0.1 Mio €/km 2  (darkest). The 
Platform labels are the unique LTER-Europe site codes. According to these site codes, details for 
each Platform can be found in Table   17.1        

 

http://www.lter-europe.net
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   Table 17.1    Overview of European LTSER Platforms, status as of 2010. The labels of platforms in 
Fig.  17.10  refer to the column “Site_Code” in this table   

 LTER_
Europe_
Site_Code  LTSER Platform name  Country 

 Biogeographic 
region 

 Ecosystem 
type  Size km 2  

 AT_001  LTSER Platform 
Eisenwurzen (EW) 

 Austria  Alpine  Forest  5,780 

 AT_002  LTSER Platform Tyrolean 
Alps (THA) 

 Austria  Alpine  Montane  3,689 

 AT_028  LTSER Neusiedler 
See-Seewinkel 

 Austria  Pannonian  Fresh water  634 

 BG_002  Belasitsa  Bulgaria  Sub-
mediterranean 

 Forest  111 

 CZ_001  LTSER Silva Gabreta 
(LTSER Silva Gabreta) 

 Czech 
Republic 

 Continental  Temperate 
forest 

 3,337 

 CZ_006  LTSER Krkonose/
Karkonosze (LTSER 
Krkonoše/Karkonosze) 

 Czech 
Republic 

 Continental  –  871 

 FI_001  Bothnian Bay LTSER 
Platform 

 Finland  Boreal  Coastal  58,439 

 FI_002  Helsinki Metropolitan Area  Finland  Boreal  Coastal  879 
 FI_008  Northern LTSER Platform  Finland  Boreal  Forest  118,656 
 FI_013  Kilpisjärvi LTSER  Finland  Alpine  –  3,691 
 FI_016  Kuusamo LTSER  Finland  Boral  –  5,790 
 FR_001  Alpes-Oisans  France  Alpine  Montane  1,037 
 FR_002  Alpes-Vercors  France  Mediterranean  Montane  1,890 
 FR_003  Côteaux de Gascogne  France  Atlantic  Agriculture  441 
 FR_004  Pleine-Fougères  France  Atlantic  Agriculture  132 
 DE_001  LTSER Leipzig-Hall  Germany  Continental  Fresh water  22,781 
 HU_001  Balaton LTER  Hungary  Pannonian  NONE  5,767 
 HU_003  KISKUN LTER  Hungary  Pannonian  Praire  7,270 
 IL_005  LTSER Northern Negev  Israel  Mediterranean  Desert  – 
 IL_015  Araval Platform (ARV)  Israel  Mediterranean  Desert  981 
 JO_001  SAWA Platform  Jordan  Mediterranean  Desert  – 
 LV_001  LTSER Engure  Latvia  Boreonemoral  –  178 
 LT_004  Lithuanian Coastal Site 

(LT-04 Nagliai, 
Curonian Spit NP) 

 Lithuania  Boreal  Coastal  – 

 PL_018  UNESCO/UNEP the Pilica 
River Demonstration Site 

 Poland  Continental  –  9,256 

 RO_001  Danube Delta Biosphere 
Reserve 

 Romania  Steppic  Wetland  3,120 

 SK_006  Tatra National Park  Slovakia  Alpine  Forest  – 
 SI_001  Kras  Slovenia  Continental  Montane  – 
 SI_002  Karst in the Ljubljanica 

River Basin 
 Slovenia  Continental  Montane  – 

 SI_003  Alpine Karst  Slovenia  Alpine  Montane  – 
 ES_001  Doñana/Huelva-Sevilla 

(ES-SNE) 
 Spain  Mediterranean  Wetland  2,732 

 SE_001  Nora LTSER  Sweden  Boreal  –  6,648 
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    17.7   Lessons Learned and Outlook 

 By establishing LTSER Platforms in 17 European countries, both implementation 
approaches, “strategically managed all inclusive” and “project based evolutionary 
bottom up”, could be tested. Here we summarise experiences as well as critical 
points and give recommendations. Figure  17.11  shows examples of con fl icting 
priorities and purposes that LTSER Platforms are facing. Implementation of LTSER 
Platforms has to navigate between these poles.  

 LTSER Platforms represent a huge potential for both science and practice. The 
large number of Platform-speci fi c projects and publications, also reported by sev-
eral authors in this volume provide evidence of how this potential has been used 
scienti fi cally in spite of the short operating time of LTSER Platforms to date. 
However, translating knowledge into practice presents a continuing, formidable 
challenge that is discussed further below. 

 So far, no comparable network has been set up to regionalise socio-ecological 
research and involve infrastructure, interdisciplinary research and regional actors 
and stakeholders in a collective process. However, setting up such a complex system 
is time- and resource-demanding. The complete “production cycle” of typical 
LTSER Platform products, from prioritising research questions to getting a research 
project accepted, producing the scienti fi c  fi ndings, translating them into applicable 
measures, disseminating these recommendations in accompanying implementation 
projects and assessing the effects in terms of increased sustainability of ecosystem 
service use, might stretch over a decade. The more complex regions and questions 

  Fig. 17.11    Con fl icting priorities in LTSER Platform implementation.  Left side : Cases requiring 
complex approaches in creating the framework for socio-ecological research.  Right side : Less 
demand for matrix functionalities and supporting services due to simpler settings       
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are, the longer the latency period for tangible “products”, if the successful establishment 
and operation of LTSER Platforms in itself is not accepted as a “product” in terms 
of increased scienti fi c entropy. 

 Big and/or complex LTSER Platform regions featuring a wide variety of habi-
tats, land-use forms, complementary stakeholders and use con fl icts pose numerous 
interesting research questions. On the other hand, complexity hampers (i) quick 
progress in setting up a complete Platform communication space (comprising all 
relevant actors), (ii) agreement on the research framework and (iii) smooth division 
of tasks (e.g. competing research teams within the Platform). In smaller LTSER 
Platform regions, which cover less internal environmental, social and economic gra-
dients, key problems might be more evident and could be tackled by one or a few 
institutions well integrated in the region and holding existing data without substan-
tial additional efforts to establish a LTSER Platform. 

 The trade-off between frictionless scienti fi c work and coping with heterogeneity 
could not be more evident than in LTSER Platforms:

   Up to a certain complexity of interdisciplinary research questions, the number of • 
institutions and a few research projects, overhead costs and required central ser-
vices can be kept to a minimum. Responsible and accessible funding instruments 
are clearer when questions are less complex and interdisciplinary. There are 
other advantages to smaller Platform teams. For example, established teams in 
one or a few institutions will most probably already have an interdisciplinary 
working culture established, reducing efforts needed to achieve a common lan-
guage across disciplinarily specialised institutions. When requisite data are 
mainly kept within one institution, necessary information management will be 
broadly covered by the general institutional data infrastructure, including data 
use rights. If the research institutions involved are located in or closely connected 
to the concerned region, the required stakeholder interfaces might be few and 
may have already been developed by the institution, including communication 
spaces and mechanisms for information dissemination.  
  With increasing heterogeneity, “small solutions” hit the wall due to increasing • 
demand for services (actor analysis, stakeholder involvement, establishment of a 
transdisciplinary communication space, development of interdisciplinary 
research teams across institutional borders, data management and integration). 
There is a threshold size of LTSER Platforms for covering regional processes 
(e.g. commuting), heterogeneity of habitats, land use and related management 
practices. Large Platforms and a lack of substantial funding may lead to a lack of 
projects covering the entire region and the risk of scattered activities across 
scales, hampering possibilities of upscaling, downscaling and extrapolation. 
Research  fi ndings might not  fi t the scale of management measures and/or the 
level of local, sub-regional and regional decision-making.    

 The multiple experiences in setting up LTSER Platforms, with their pronounced 
heterogeneity of initial conditions across Platform regions and countries, suggest 
that no general formula regarding the “right” way to initiate a platform can be pro-
vided at this stage. Nevertheless, mid-term implications of chosen approaches and 
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bottlenecks have become evident and merit precautionary advice and re-assessment 
of how LTSER Platforms are organised, managed and communicated:

   LTSER seems to be plausible and attractive to many stakeholders, but also has a • 
tendency to create unrealistic expectations in terms of delivery time. Moreover, 
expectations of what LTSER can and can’t deliver can vary wildly depending on 
the stakeholder. Regional development managers might after 2–3 years want to 
assess the relevance of project  fi ndings for sustainable regional development and 
the cost-ef fi ciency of proposed alternative management practices. Provincial 
governments could after 2 years of work request a report on regional impact as a 
precondition for the continuation of funding, whereas a village mayor – inspired 
by a facilitated LTSER workshop with stakeholders – might expect customised 
delivery of results supporting the application for an additional bus stop in the 
village (compilation and analysis of related national statistics), and might ask in 
disappointment why he cannot  fi nd this on the Platform website.  
  If performance criteria focus solely on the usual scienti fi c output (publications, • 
impact points per year) from the beginning, the project-based approach will sup-
port a traditional academic work routine. Only by considering the innovation and 
added values such as relevance for management, focus on stakeholder concerns, 
or open access to Platform data, will long-term, dependable support of the LTSER 
approach be assured. Because LTSER is not “traditional” science, Platform man-
agers are encouraged to establish funding mechanisms and calls for tender 
speci fi cally customised for the unique and innovative approach and goals of 
LTSER. Funding mechanisms must consider, for example, the intrinsic time lag 
between project implementation and the point at which society and – in the long 
term – science will bene fi t. Such a lag exists due to the unique combinations of 
expertise and data inherent in long-term, interdisciplinary socio-ecological 
research.  
  Universities and other academic institutions have neither the resources nor the • 
scope by themselves to provide Platform management and services. Neither do 
individual research projects foresee being able to pay for such services. Therefore, 
formalisation and institutionalisation are to some extent unavoidable in order to 
secure operation in the long term.  
  The transdisciplinary component of LTSER requires a special skills portfolio for • 
a wide range of non-scienti fi c activities, which need to be carried out by special-
ists educated in communication, facilitation, and public relations. In LTSER, 
Platform scientists typically overstretch themselves with non-scienti fi c work 
such as dissemination beyond scienti fi c publishing, translation, production of 
stakeholder-speci fi c material, participatory activities and lobbying beyond 
research proposals. Particularly idealistic and visionary people are therefore 
prone to self-exploitation, unrealistic planning assumptions and overload.  
  Efforts in team building, integration between disciplines and institutions are • 
hampered by competition between scientists applying for projects in the same 
funding mechanisms. Moreover, natural scientists or sociologists might perceive 
themselves as not receiving their due credit in interdisciplinary research, both in 
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terms of conceptual ownership and funding. This highlights the need for a truly 
open, inclusive and respectful working environment.    

  In conclusion, we offer the following abbreviated advice to the LTSER 
novice: 

   Avoid unrealistic expectations with regard to both research and management • 
goals and what topics can be successfully covered at which scale;  
  Obtain a reliable picture of available funding for co-ordinating LTSER Platforms • 
in the mid- to long-term to choose the most appropriate implementation model: 
What level of central services can be maintained over the long term?;  
  Ensure that there is a critical mass of and balance between central services (e.g. • 
data management) and the number of supported research projects (“products”);  
  Formalisation and institutionalisation are greatly assisted through the use of • 
existing structures in the region (communication, dissemination);  
  It is helpful to involve institutions with interdisciplinary teams that are already • 
established (easier to achieve internally than across formal institutional borders 
due to common institutional language) – or very few  fl agship institutions with 
preferably one located in the region;  
  Broaden the community and actively involve specialists in the required disci-• 
plines (e.g. allow a sociologist to develop the sociological component of LTSER). 
It is crucial not to assume that an ecologist, for example, can adequately apply 
the research and conceptual tools of an anthropologist. Respect all the partici-
pants in an interdisciplinary collaboration;  
  Draw the line: you cannot please everyone (or meet their expectations) all the • 
time;  
  Co-operate internationally, taking advantage of experiences, tools and material • 
developed in other LTSER Platforms;  
  Regionalisation and transdisciplinarity do not work without toeholds in the • 
region: identify key multipliers open to LTSER and involve scientists with per-
sonal connections to the region.    

 The identi fi ed weaknesses provide evidence that the research environment, per-
formance indicators and scienti fi c reward system still fail to provide the necessary 
framework for producing knowledge according to societal and political needs at the 
necessary pace. The interdisciplinary Programme on Ecosystem Change and Society 
(PECS) of the International Council of Science (ICSU website) addresses “Place-
Based Long-Term Social-Ecological Research” as key to investigate society-nature 
interactions (ICSU 2010, Programme on ecosystem change and society (PECS) – A 
10-year research initiative of ICSU and UNESCO – Workplan 2010: draft technical 
paper, Personal communication of PECS Chair, Steve Carpenter). So far, LTSER 
Platforms and their interdisciplinary teams are the only European test case for 
regionalised or place-based LTSER at the level of a continental network. 

 The LTSER concept was born in the midst of two profound upheavals. The  fi rst 
is the rapidly changing global environment as a result of unprecedented large human 
populations consuming an unprecedented amount of the earth’s resources. The second, 
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inspired in part by the  fi rst, is a major scienti fi c paradigm shift away from traditional 
disciplinary approaches to environmental problem solving to an interdisciplinary, 
place-based science. Place-based LTSER Platforms confront global environmental 
challenges at the local and regional levels. They do so without compromising aca-
demic standards, but may be contributing to paradigm shifts in some areas. Not only 
does LTSER advance the state of knowledge, but it produces knowledge that mat-
ters to people and that is then translated into tangible environmental and natural 
resource policies for local and regional implementation. With less than a decade of 
practical experience, LTSER Platforms are emerging as living laboratories for 
socio-ecological research and a major contributor of policy/management relevant 
knowledge.      
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  Abstract   At the time of planning the national LTER network (FinLTSER) in 
Finland, the approach of linking social and ecological issues in solving environmental 
problems was already well embedded in science and policy institutions and practices. 
A broad community of environmental, natural and social scientists had been carrying 
out problem-oriented research related to environmental issues for many years before 
the concept of LTSER platforms raised wide interest among Finnish research 
institutes. In this article, we analyse the research culture leading to this high level of 
interest and enthusiasm regarding socio-ecological research during the development 
phase of the FinLTSER network. By using interview and other materials from 
the process of establishment of the FinLTSER, this chapter analyses the initiation of 
the network, the very  fi rst steps taken by the platforms and the challenges faced 
during this period.  
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    18.1   Introduction 

 The protection of nature is a problem for which researchers are strongly encouraged 
to develop integrative approaches. Problem-oriented, interdisciplinary socio-
ecological research which integrates various disciplinary perspectives is deemed to 
be the kind of research that is politically relevant and capable of generating valid 
knowledge. Conceptual papers have been published both in the US and in Europe 
on the need to move from Long-Term Ecological Research (LTER) to socio-ecological 
research (Redman et al.  2004 ; Haberl et al.  2006  ) . There has also been pressure 
from the policy side for assessments linking societal and ecological issues (e.g. 
environmental impact assessment, EIA). In addition, integration of non-scienti fi c 
knowledge has been promoted to advance the goal of “knowing nature”, i.e. data 
collection on the distribution, health, and status of natural species and natural habitats 
to allow strategies, plans or programmes for the conservation and sustainable use of 
nature (Ellis and Waterton  2005  ) . 

 The concept of LTER was introduced in the USA more than 25 years ago. Since 
then, the LTER programme has gradually developed into a global network that 
aims to respond to continuing long-term large-scale global change. In 1993, the 
International LTER (ILTER) network was formally founded (ILTER  1993  ) . During 
its period of operation, the ILTER network has expanded to include 41 national 
networks. Three issues are of particular importance: comprehensiveness of the 
international network, comparability of the research and broadening of the research 
agenda from narrow ecology to synthetic socio-ecology. 

 In Europe, the Long-Term Biodiversity, Ecosystem and Awareness Research 
Network project, ALTER-Net  (  2005  ) , which was the driving force of LTER-Europe, 
emphasised the socio-ecological approach. Long-Term Socio-Ecological Research 
(LTSER) platforms have been introduced as a means to engage in integrative 
knowledge production and to go beyond classical disciplinary research (Haberl 
et al.  2006  ) . LTSER platforms are modular facilities consisting of sites which are 
located in a de fi ned area. The 23 LTSER platforms established in Europe aim to 
enhance interdisciplinary collaboration, both between various natural sciences and 
between natural and social sciences (Mirtl  2010  )  through agreed research agendas, 
interdisciplinary and stakeholder forums and research facilities. In addition, collabora-
tive research aiming at cooperation between scientists and nature managers, volunteer 
citizens and other actors is regarded as an asset (Mirtl et al.  2009  ) . 

 Although interdisciplinarity is envisioned as a key feature of long-term socio-
ecological research, it is not easily achieved. The problems and obstacles of 
interdisciplinary research have been widely discussed in the literature. In particular, 
it appears that collaboration between ecologists and social scientists has been rare 
until recent years, although ecology has been described as “an outward-looking 
science, open to models and methods from other natural sciences and concerned 
with human-environment interactions” (Phillipson et al.  2009  ) . The reasons may be 
various practical, institutional, cognitive and cultural barriers (see McCallin  2006 ; 
Uiterkamp and Vlek  2007 ; Corley et al.  2006  ) . Established institutions, conceptual 
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frameworks and technologies of inquiry create epistemological and ontological 
commitments and structure interaction between researchers belonging to speci fi c 
communities (Petts et al.  2007  ) . 

 As these intellectual and practical structures direct scienti fi c work within the 
communities, they may prevent possibilities for collaboration with others. For 
example, basic philosophical differences may prevent collaboration between natural 
and social scientists, and especially between the various social sciences (Phillipson 
et al.  2009  ) . Moreover, the fact that acts, strategies and policies of knowing are 
culturally diverse even within a single discipline has been shown by science study 
scholar Karin Knorr Cetina. By studying disciplines such as high energy physics 
and molecular biology, she has demonstrated that there are methodological differ-
ences among the disciplines that are historically constituted and dependent on, for 
example, instrumental, linguistic, conceptual and organisational frameworks (Knorr 
Cetina  1999  ) . Such diversity makes communicating at the intradisciplinary level 
dif fi cult enough as it is, let alone at the interdisciplinary level. 

 The challenges of interdisciplinary integration relate in particular to the negotiation 
of the division of labour between sciences or between scienti fi c and other knowledge 
practices. For example, Endter-Wada et al.  (  1998  )  reported that frustration may 
emerge from such imposed roles and prede fi ned frameworks from natural sciences 
which do not enable meaningful entries and problem identi fi cation for social scien-
tists. Ecologists, in turn, may feel frustrated if prevented from doing “good” ecology 
while having to adapt to the demands of policy-relevant research settings (Phillipson 
et al.  2009  ) . 

 Against this background, the Finnish LTER network (FinLTSER) offers an interesting 
window to view the development of socio-ecological research on the national level. 
The concept of LTSER platforms (Haberl et al.  2006 ; Mirtl  2010  )  raised wide interest 
among Finnish research institutes and originally ten out of 14 applications to join 
the network were submitted speci fi cally for LTSER status and not for LTER status, 
which was the other option. The  fi nal network includes four LTSER platforms and 
 fi ve LTER sites. In this article we analyse the research culture leading to high degree 
of interest and enthusiasm shown towards socio-ecological research during the 
development phase of the FinLTSER network. We also outline lessons learned from 
the early steps towards integrating social and natural sciences within the national 
LTSER Platform, Lepsämänjoki. Since the network and the platform were established 
only recently, they enable us to study the issues and concerns related to the initiation 
of scienti fi c cooperation. 

 The analysis is based on 12 interviews, more than 20 documents including 
correspondence, agendas, minutes and policy documents, and on our personal 
experiences. Eeva Furman was involved in the process of creating the FinLTSER 
network. Her personal notes relating to the FinLTSER’s initiation process, process 
documents including emails, written material and meeting memoranda, and interviews 
with the coordinators of  fi ve of the LTSER applicants form core materials of the 
analysis. Taru Peltola has conducted seven thematic interviews with the partners 
forming one of the LTSER platforms in Finland as part of a comparative ALTER-Net 
study on knowledge production in LTSERs (Mauz et al.  2012 ). The material also 
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includes communications and various documents such as project proposals to which 
she was given access by the Lepsämänjoki consortium. This material is analysed 
here to identify the institutional and cultural factors that supported the formation of 
the FinLTSER network and its speci fi c characteristics.  

    18.2   Driving Forces: What Has Boosted Interest Towards 
a Long-Term Socio-ecological Research Network? 

    18.2.1   Internal Forces: Traditions of Problem-Oriented 
Environmental Research in Finland 

 In Finland, the culture of knowledge production for sustainability started to evolve 
in the 1970s following the international environmental awakening and the formation 
of environmental administration (Haila  2001a  ) . Following the international trend, 
science had an important role in making environmental issues visible in society since 
many environmental problems exist beyond everyday experience and observation 
(Haila  2001b  ) . In particular, the loss of biodiversity has been made evident through 
extensive monitoring practice (Bowker  2000  ) . Much of the progress in Finnish 
environmental research has involved basic ecological research. During the past 
30 years, this  fi eld has become one of the strongest  fi elds of science in Finland and 
has attained high standards internationally. This research has mainly been inspired 
by environmental problems and  fi nding ways to manage them, including  fi elds such 
as conservation biology, island biology and metapopulation biology. 

 On the whole, the connection between scientists and policy makers has been 
informal but close for a long time in Finland, unlike many EC member states. 
Researchers have frequently been invited to planning committees of various author-
ities and to parliamentary hearings. Since the 1990s, research funding programmes 
have been built with support from discussions at seminars and workshops attended 
by researchers from different disciplines, policy makers and other stakeholders 
(Furman et al.  2006  ) . These forums have provided directions for the structure of 
such programmes but have also served as opportunity for participants to learn 
about the other parties and their approaches and knowledge on various issues. These 
forums have developed into interdisciplinary projects funded by the programmes 
in question and furthermore led to collaboration beyond the given theme and fund-
ing channel. 

 Environmental social science began to undergo signi fi cant expansion from the 
early 1990s in Finland (Lehtinen  2005  ) . The early steps taken by environmental 
social scientists attracted strong criticism from the more established research  fi elds, 
leading to a kind of competition over “academic markets” (Lehtinen and Rannikko 
 1994a  ) . However, nowadays, environmental social sciences are regarded as one of 
the areas worth focusing on in terms of future research funding. 
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 The rise of environmental social science was supported by extensive funding 
programmes of the Academy of Finland, aimed at interdisciplinary, problem-
oriented research. These programmes introduced a diversity of environmental issues 
(Table  18.1 ). The increased research funding was a primary reason for the growth of 
environmental social science: While environmental social science had been an interest 
of some early pioneering scholars, research funding instruments enabled doctoral 
training and thus gave birth to a new generation of environmental social scientists. 
Between 1991 and 2006, 87 doctoral degrees were taken in environmental social 
science at 13 Finnish universities (Kotakorpi  2007  ) . The institutional basis of doctoral 
training was further strengthened when the YHTYMÄ graduate school in environ-
mental social science was founded in 2002.  

 Because the early pioneers of environmental social science came from different 
scienti fi c backgrounds, the thematic scope of environmental social science has had 
a broad range. Since environmental social science has been interdisciplinary in 
nature from the beginning and many of those involved in early research have 
collaborated across disciplinary boundaries, it is sometimes dif fi cult to delineate 
between the various  fi elds. Many themes, for example, environmental awakening 
and con fl icts (Lehtinen and Rannikko  1994b  ) , risk society (Kamppinen et al.  1995  )  
and ecological modernisation (Massa and Rahkonen  1995  )  have been explored from 
various perspectives, ranging from sociology and geography to environmental 
economics and environmental policy and law. More recently, interdisciplinary 
explorations have been made into forest politics and environmental justice (e.g. 
Lehtinen et al.  2004 ; Lehtinen and Rannikko  2003  ) , the legitimacy of natural resources 
governance (Rannikko and Määttä  2009  )  and ecosystem services (Hiedanpää et al. 
 2010  ) . The Yearbook of Environmental Policy and Law (Määttä  2007  )  also offers a 
forum for environmental social scienti fi c debate. 

 Broad interest in environmental issues has triggered the establishment of new cur-
ricula at Finnish universities and furthered the development of new research units. 
Courses in environmental sociology have become available at several universities 
(Helsinki, Turku, Oulu, Jyväskylä, Joensuu and Lapland), environmental law has been 

   Table 18.1    Interdisciplinary thematic research funding programmes of the Academy of Finland   

 Funding programme  Funding period 

 Finnish research programme on climate change  1990–1995 
 Sustainable development research programme  1991–1995 
 Finnish biodiversity research programme  1997–2002 
 Studies on science and science policy  1997–1999 
 Finnish global change research programme  1999–2002 
 Sustainable use of natural resources  2001–2004 
 Environment and law research programme  2003–2008  Funding for 

FinLTSER starts 
in 2005 

 Sustainable energy  2008–2011 
 Baltic sea research programme  2010–2016 
 Research programme on climate change  2010–2014 
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introduced in Tampere and Joensuu Universities in addition to Turku and Helsinki 
Universities and corporate environmental management is now studied at Helsinki 
Business School and Tampere University. Tampere University established a professor-
ship in environmental policy in 1994, followed by Helsinki and Joensuu Universities. 

 The Finnish Society for Environmental Social Sciences (YHYS), founded in 
1994, and the group of environmental sociologists who have convened during the 
annual meeting of the Westermarck Society – Finnish Sociological Society since 
1990 demonstrate the high interest in environmental social science among researchers 
in Finland in both universities and research institutes. The YHYS organizes annual 
conferences, publishes a magazine and operates a mailing list for academic discus-
sions and job announcements in the  fi eld. The annual conference of the society is a 
forum for international collaboration, with invited foreign guest speakers. A winter 
seminar is organized together with other scienti fi c societies on a topical theme, and 
the spring colloquium, in turn, facilitates discussion between the environmental 
administration and researchers on topical issues. 

 Finnish environmental social scientists are linked with other Nordic scholars 
through the biannual NESS (Nordic Environmental Social Science) conferences 
and there is also a link to the Nordic Environmental History Society (NEHN). Many 
Finnish environmental sociologists have participated in world congresses organized 
by the International Sociological Association and the conferences of the European 
Sociological Association in which environmental sociology groups convene. EU 
funding has furthermore facilitated international networking in particular among 
governmental research organizations. 

 In 2002, the Finnish Environment Institute (SYKE) established a Research 
Programme for Environmental Policy and later in 2010 a Centre for Environmental 
Policy. These are among the largest environmental social science research units in 
Finland, with personnel of 20 and 50, respectively. In 2010, SYKE joined a Partnership 
for Research on Natural Resources and the Environment formed by six governmental 
research institutes. The social scientists in the partnership are in the process setting up 
the organization and a network of almost 100 researchers is planned by the end of 2011. 

 Networking and collaboration are among the strengths of Finnish environmental 
social science. Although research groups compete with each other for research 
funding, the scarce and scattered resources have successfully been focused on 
expanding the  fi eld of environmental social science. Links have also been built 
with natural scientists. In the early stages, some pioneering scholars from natural 
sciences moved into the social sciences. For instance, a professor of environmental 
policy, the long-term chair of the Finnish Society for Environmental Social Sciences 
and head of YHTYMÄ Graduate School, Yrjö Haila, moved from ecology to social 
science and began to develop theory on eco-social dynamics (Haila and Levins 
 1992 ; Haila and Dyke  2006  ) . At the same time, some ecologists also adopted a 
strong interdisciplinary approach in their research, focusing on, e.g., urban ecology 
(Yli-Pelkonen and Niemelä  2006  ) . 

 The interdisciplinary nature of environmental research is also re fl ected by the 
fact that not all related professorships and lecturing posts are based within social 
science departments. For example, the Laboratory of Environmental Protection, 
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which has a distinctive social scienti fi c focus, was founded in the Helsinki University 
of Technology as early as the 1990s. Some posts are also shared by departments, 
including the professorship in environmental policy at the University of Helsinki 
(shared by the faculties of Social Science, Biosciences and Agriculture and Forestry). 
The recently established professorship in natural resources policy in Joensuu 
University was jointly announced with the Finnish Environment Institute, a govern-
mental research institute. 

 Although environmental social science has gained a foothold and those involved 
in early research have succeeded in broadening the scope of environmental social 
science, its institutional basis in many Finnish universities is not particularly strong. 
This is evident in the dynamics of research groups. New groups have emerged, but 
while researchers have moved between universities, in some cases the development 
has led to a negative trend. For example, in Turku University environmental social 
science barely existed for a while. Since 2006, the academic campus in Joensuu city 
has played a major role in developing collaboration around environmental social 
sciences and interdisciplinary research. The local university introduced an interdis-
ciplinary curriculum for environmental science in the early 1990s. In 2006 it founded 
the Centre of Competence for Forest, Environment and Society, which strives to 
enhance the role of social and cultural research into the environment and forests. 
This network is led by a professor in environmental social science and it brings 
together various university departments and subjects as well as three governmental 
research organisations, the Finnish Environment Institute, the Forest Research 
Institute and the Game and Fisheries Research Institute. Although the university has 
now placed environmental social science on its strategic agenda, it is too early to 
judge whether this is really helping strengthen the institutional basis for research in 
environmental social science. 

 The environmental social scienti fi c research carried out in Finland has been 
extensive in scope and has employed various theoretical and methodological 
approaches, drawing from the  fi elds of geography, sociology, business, law and 
policy studies and collaborating with ecologists, forestry science, engineering and 
environmental sciences. However, there are only a few examples of long-term 
research orientation. In particular, social sciences appear to be oriented towards 
short-term research strategies as it is not easy to obtain funding for long-term 
approaches. Relevant project funding typically extends to a maximum of four years, 
and long-term research is often seen as being merely repetitive rather than innovative 
and productive. The leading, and exceptional work in this respect is the long-term 
research carried out in North Karelia during the past 30 years, focusing on the society-
nature relationship in two remote villages (Knuutila et al.  2008  ) . 

 In addition to concerns regarding project orientation, the relatively weak institu-
tional status of environmental social science hinders the development of long-term 
research strategies. Where researchers are forced to move between universities, 
research groups are in a constant state of transformation and may also disappear. 
When the institutional status of research groups is not stable, the research team only 
have short-term contracts and team members change from year to year, creating a 
basis for long-term research interests is a challenge.  
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    18.2.2   External Forces: Receiving Impulses and Achieving 
Action Through International Networks 

 In a small country such as Finland, external signals can play a major role in 
implementing new institutions. In 2002, a delegation from the LTER Network 
Of fi ce of the US visited Finland and the Baltic States in the hopes of increasing 
membership in ILTER. After the visit, a planning process began in Finland which 
led to an agreement that SYKE would coordinate a preliminary plan for the Finnish 
LTER network. Moreover, it was agreed that with the input from seven research 
institutions 1  a proposal would be submitted to the Board of Governors of the 
Academy of Finland on the process for developing the network and for increasing 
the involvement of Finnish scientists in the international LTER collaboration. 

 Discussions during 2003 revealed that there was a high level of awareness in 
Finland of the importance of long-term ecological and ecology-related socioeco-
nomic research, and that there was a strong interest among the Finnish scienti fi c 
community in long-term socio-ecological research platforms. Nationally, the centrali-
sation of research infrastructures had already started to evolve, through evaluations 
of activities within the research station network in Finland. 

 The second external force was the European Research Framework Programme 
project, ALTER-Net, in which SYKE was a partner 2004–2009. At that time, it was 
the largest European project trying to combine biodiversity, ecosystem and long-
term socioeconomic research to serve the needs of biodiversity management in the 
European context. One of the main aims of ALTER-Net was to ensure the development 
of the European LTER network. The role of SYKE both in ALTER-Net and in 
the establishment of the national LTER network ensured that Finland was among 
the nations that have placed a clear focus on socio-ecology.   

    18.3   Empowering Forces: The Comprehensive Planning 
Process for the Network 

 In spring 2005, the Academy of Finland took a decision to fund the development of 
the national LTER network. Thereafter SYKE, together with the other seven national 
institutions in environmental research, initiated a feasibility study regarding ILTER 
membership. The planning group consisted of 13 members representing different 
disciplines and sectors and the eight research bodies having made the original appli-
cation to the Academy. Based on the accepted plan, the planning group’s tasks were 
to ensure that the development process was open and transparent, that the network 

   1 Finnish Environment Institute, Finnish Forest Research Institute, Finnish Meteorological Institute, 
University of Helsinki, University of Oulu, University of Joensuu, University of Turku.  
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would build on existing infrastructure strategies both nationally and internationally, 
and that it would take an interdisciplinary approach to ecological research. Regular 
contact between the members of the planning group was maintained throughout the 
entire planning period of 2005–2006 through  fi ve physical meetings and weekly 
e-mail communication. 

 Interviews with those participating revealed that the planning group’s mandate 
for developing national infrastructure was not understood in the same way by the 
entire planning group. Some members viewed this  fi rst and foremost through the 
lens of their own organisation’s interests, whereas others had a broader approach, 
and some based their approach predominantly on the present setting whereas others 
focused more on the future. However, the face-to-face brainstorming sessions of the 
planning group were seen as the key to  fi nding a shared understanding of the 
process and its future bene fi ts for the research community as a whole. 

 The planning group organised two stakeholder workshops, one for representatives 
of the research community and the other for potential interest groups and funding 
agencies to discuss the possibilities and options for setting up and maintaining the 
Finnish LTER network. These events were seen as the most rewarding activities 
resulting from the bottom-up approach applied by the planning group. The meetings 
served as a forum to disseminate knowledge of the LTER concept and the planning 
process, to share information of relevant research calls and to provide an opportunity 
for preliminary networking. Most importantly, they created an opportunity to develop 
new insights for all the participants concerning the feasibility of implementing the 
LTER/LTSER concept in Finland, and other issues that had to be taken into account 
in further planning. These included other ongoing processes such as the potential 
outcomes from the development of the network of biological stations, from the 
infrastructure strategy planning process and from the coordination of environmental 
research. 

 A website facilitated communication (FinLTSER  2005  ) . In the interviews, the 
website was mentioned as providing transparency for the process; it gave impartial 
information about the ongoing planning process and stimulated discussion among 
the research community. It also served as a link to the international level, where 
many national networks were being developed at the same time and were looking to 
share experiences with one another. 

 After negotiations to appoint the responsible body, the Coordination Group for 
Environmental Research, led by the Ministry of the Environment, was appointed to 
decide on the mandate and structure of the Finnish LTER network. SYKE was asked 
to carry out the practical management of the process. 

 An open invitation was made for research consortia to apply for either an LTER 
site or an LTSER platform status within the Finnish LTSER network. The invitation, 
which was open for 3 months, was advertised through the LTER website and 
disseminated nationally via social and institutional networks and planning semi-
nars. The criteria for successful applications were directly linked to the criteria of 
the ILTER. Taking on the status required a commitment of 6 years, and an LTER 
site should have a focus on ecological, small scale research while an LTSER 
platform required a transdisciplinary, large or multi-scale research focus. The Italian 



452 E. Furman and T. Peltola

LTER evaluation was used as a reference, as Italy was only a few months ahead of 
Finland in their process. No direct funding was guaranteed as a result of receiving 
the status. 

 Fourteen applications were received in total. The invitation encouraged the 
Finnish research community to build consortia bringing together existing facilities 
and stakeholder networks. Two of the accepted platform consortia based their appli-
cations on an existing network and shared a research agenda, whereas three based 
their applications on an earlier collaboration, which they then broadened while 
preparing the application. The process of building a consortium proposal for LTSER 
status was typically initiated by a senior person with responsibilities for strategic 
research management, who then invited others to participate. In one case, however, 
the building of a consortium was initiated by an individual researcher who learned 
about the invitation from the Internet and then informed some colleagues about it. 
This also led eventually to a successful application. 

 An international interdisciplinary evaluation panel was formed and the applications 
were provided to them for scrutiny. The outcomes of the evaluation panel were 
synthesized and forwarded to the Coordination Group for Environmental Research, 
which  fi nally decided on the content and structure of the Finnish LTER network. 
The Finnish network, FinLTSER, was approved on 12 December 2006. It includes 
four LTSER platforms and  fi ve LTER sites, of which two are parts of an LTSER 
platform. The network covers the main geographical regions and habitats of Finland. 
FinLTSER was granted membership of ILTER in August 2007, in Beijing. 

 According to the feedback received from applicants, advertising via the internet, 
the international evaluation and the ongoing national research were issues which 
raised interest and con fi dence in the LTER network within the research community 
in Finland. In addition, some research institutions had been slower than others to 
commit themselves to the process, leading them later to raise questions concerning 
further possibilities to join the network. 

 The process of writing the proposals varied from one platform to another, which 
gave direction to the form of collaboration employed in the formalised platform. In 
one case, thematic groups were formed to enhance speci fi c parts of the proposal but 
most of the writing was carried out either by one individual or by a small task force. 
The drafts were circulated to the large consortia community involving tens of 
researchers. Another proposal was initiated with a seminar at which the main lines 
of approach were agreed by all members, although the actual proposal was later 
written by the leader of the consortium alone. During the drafting process, linking 
the E (ecological) and the S (social) was the cornerstone. As most of the consortia 
were dominated by natural scientists, including the social (S) dimension required 
extra motivation. One consortium, however, was dominated by social scientists and 
in this case the situation was reversed: motivation for including the E (ecological) 
dimension in their research agenda required extra effort and careful attention to the 
criteria in the invitation. 

 There was a particular need to  fi nd research collaboration from social sciences and 
economics, given that most of the initiators were from the natural science community. 
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Considerable effort was also required to build collaboration with stakeholders 
such as municipalities and regional authorities during the development of the 
proposals.  

    18.4   The Risks of Interdisciplinary Collaboration: 
Indicators for Staying in or Stepping Out 
of the Lepsämänjoki LTSER 

 While in the above section we documented the increasing interest in the LTSER 
concept and integrated socio-ecological research, the insights from the Lepsämänjoki 
LTSER platform illuminate the debates, challenges and progress in interdisciplinarity 
in practice. The platform is based on previous collaboration between the partner 
organisations in projects focusing on agroecological research in the Lepsämänjoki 
River catchment area, situated in Southern Finland close to the Helsinki metropolitan 
area. The consortium involves ten partners. It is coordinated by the Department of 
Applied Biology at the University of Helsinki, which took the initiative in creating 
the LTSER consortium and started to recruit other partners, including other depart-
ments of the same university, the governmental research organisations SYKE and 
Agrifood Finland and more practically-oriented organisations such as regional level 
environmental administration and a local water protection association. 

 After receiving LTSER status, the consortium prepared funding applications to 
obtain resources for joint activities while the partners identi fi ed new research topics 
and developed a conceptual framework. The partners share a common goal to study 
sustainable agricultural practice and the impacts of agriculture on ecosystems, 
biodiversity and water quality, these being the major problem areas. One of the 
proposed projects focused on building a model which would enable the effective-
ness of agri-environmental policies to be studied. One of the partners had previous 
expertise in modelling the effect of policies on farming practices. Combined with 
information about the real environmental impacts, the model was planned to turn 
the Lepsämänjoki river basin into an “agro-ecological research laboratory” in which 
policy changes could be tested. 

 The consortium partners were motivated by the possibilities that LTSER status 
could bring with it. These bene fi ts included contacts and collaboration, new and 
interesting research topics, improved quality and reliability of knowledge, synergies 
between research and practical spheres, and contacts with end users of the relevant 
knowledge. In particular, data sharing was a strong motivation for collaboration. 
The consortium partners expected collaboration to create new possibilities for using 
existing data or to improve the quality of data. These ideas re fl ect the adoption of 
international discourse on what is considered as legitimate and relevant ecology. 
Still, analysis of the construction of the Lepsämänjoki LTSER platform reveals that 
there tensions were created in putting the new scienti fi c ideals into practice. These 
tensions are highlighted by the different ways in which the consortium partners 
talked about the goals of data sharing as a means of advancing collaboration between 
organisations and disciplines. 
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 The interviews revealed differences between the partners, and between their 
epistemic cultures, that is, the historically developed ideas and practices of doing 
science (Knorr Cetina  1999  ) . One indicator of these differences is the relationship 
between the organisations involved in research and those not undertaking research. 
Both the non-research organisations, Uudenmaa Regional Environment Centre and 
its close collaboration partner Vantaanjoki Water Protection Association, carry out 
monitoring activities. They have constantly emphasised the difference between 
themselves and the university and the governmental research organisations by talk-
ing about “science discourse”. For example, according to one of the interviewees, 
the scientists involved seemed to spend much time elaborating the reliability of 
knowledge and methodological questions while the practically-oriented actors 
appeared to have a far more straightforward relationship with data. The recognition 
of this difference indicates that although all the partners were involved in doing 
agro-ecological research, they sometimes had communication dif fi culties. However, 
in the end, the partners seemed to regard this difference not as an obstacle to col-
laboration but as a possibility to learn from each other. 

 Diverging institutional strategies and goals are another example of how differences 
in epistemic cultures affect data sharing and may require a negotiated approach 
to resolve practical problems of collaboration. One of the consortium partners of 
the Lepsämänjoki LTSER planned investments in research infrastructures in a 
neighbouring river catchment area. The platform has no permanent institutional 
structures, such as research stations or protected core areas. The research collabora-
tion is loosely focused around the same geographical region, the river catchment 
area. The geographical focus was generally considered to be an asset by all partners, 
but in practice it seemed necessary to extend research beyond the physical boundaries 
of the Lepsämänjoki catchment area. In fact, it transpired that not all the researchers 
involved with the LTSER had visited the Lepsämänjoki area; they had been included 
on the basis of their valuable expertise gained through research conducted at 
similar regions and sites. Thus, restricting collaboration between the partners to 
those having undertaken research only at the particular geographical area was not 
advisable and would have led to the exclusion of some partners and their expertise. 
The solution was to allow the geographical boundaries of the Lepsämänjoki LTSER 
to become blurred, allowing partners to continue research activities in neighbouring 
regions and the inclusion of experts with important skills but no history of research 
activities within the region. 

 A third example of the signi fi cance of epistemological cultures in research collabo-
ration relates to the integration of the social aspects of ecological research within 
the consortium. Long-term datasets are an important means of collaboration in 
biological research. However, the interviewees pointed out that the region of the 
Lepsämänjoki river basin and its population might be too small for signi fi cant long-
term datasets for socioeconomic variables to be developed. Furthermore, it might 
also be dif fi cult to form relevant, data-driven socioeconomic research questions. 
The region is, however, regarded as suitable for other kinds of socio-ecological 
research: for example, micro-level analysis or action research on the transformation 
of farming practices were mentioned by the partners as possible approaches. These 
approaches do not build on extensive datasets. The central idea of quantitative, 
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long-term data as a means of coordinating collaboration thus proved problematic 
for the development of socio-ecological research in the context of the Lepsämänjoki 
LTSER. The dif fi culty of developing socio-ecological research is also related to the 
history of the platform, since there had been no previous contact with research partners 
having expertise in qualitative social scienti fi c research. 

 On the basis of the experience gained from this particular LTSER platform it can 
be concluded that the concept of LTSER supports collaboration. One of the intervie-
wees summarised the added value by stating that the planning of research activities 
had already improved communication between the different branches of science and 
had thus been very fruitful. Despite the clear progress made, it appears that collabora-
tion has been selective. Data-driven, quantitative approaches seem to  fi t more easily 
together, thus directing research towards particular research strategies, such as agro-
ecological modelling, in which the partners have prior expertise.  

    18.5   Looking into the Future: Challenging Potentials 

 For FinLTSER it was important that a connection to the international community 
had been maintained from the very start. International conferences hosted by LTER-
Europe, LTER-USA and ILTER were attended by SYKE staff as well as by many 
others representing sites or platforms. FinLTSER has taken part in the development 
of LTER Europe in the context of data management and socio-ecological research. 
There is also close research collaboration between US-LTER and FinLTSER. 

 Nationally, the network has maintained its bottom-up operating approach. The 
FinLTSER steering group, led by SYKE, has been constituted and operationalised. 
An extranet and electronic mailing lists serve as the major means of communication, 
not only within the steering group but also towards the entire community and for 
certain speci fi c activities such as data management. The platforms have organised 
annual internal workshops, during which shared practices and networking routines 
can be developed. The interviews revealed that during the  fi rst years, a degree of 
cohesion has developed between the social and the ecological dimensions in all 
platforms. Interestingly, those two LTSER applications which had failed have also 
taken new steps towards interdisciplinary collaboration with partners within their 
consortia in the form of joint project planning, and are interested in the possibility 
of joining FinLTSER at a later stage. 

 FinLTSER was given priority in 2008 in funding for research infrastructure in 
Finland, but the funding has yet to materialise. Achieving the institutionalisation of 
such long-term networks and research programmes usually requires input from state 
institutions (see Kwa  2005  )  rather than ordinary research funding. The lack of and 
uncertainty regarding funding now and in the future has taken its toll on the progress 
of LTSERs. No larger scale planning has taken place and the projects are more ad 
hoc than long-term in nature. After acceptance by ILTER in summer 2007, FinLTSER 
concentrated on gaining resources for joint research activities as well as actively 
contributing to the development of research infrastructure strategies in Europe 
and in Finland. The Academy of Finland is funding a 4-year research project led by 
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Dr Helena Karasti, in which she uses FinLTSER as the case study for her research 
on the development of knowledge infrastructures (see Karasti and Kuitunen  2011  ) . 
This can be seen as the greatest contribution so far to the development of FinLTSER. 
The researchers have used the status of FinLTSER in support of their research 
proposals, and two platforms have been contacted from abroad in the search for 
further collaboration. The FinLTSER-based Vaccia project, which analyses the 
socio-environmental resilience of ecosystem services under conditions of climate 
change, received funding from the Life + programme of the EC and all participants 
in the network are taking part in this project. 

 A crucial question remains as to what the Finnish research infrastructure will 
achieve in concrete terms and when. Will further project proposals be developed 
and how successful will they be? What support will there be for the national man-
agement of FinLTSER from the Finnish authorities after the profound restructuring 
that is currently taking place? How will the LTSER be linked with the broader 
picture of research around natural resource management? What connection will 
there be to international structures? 

 Although it appears that the Finnish LTSER network grew at least partially from an 
established tradition and culture of interdisciplinary environmental research, bringing 
together the strong and theoretically ambitious work in environmental social science 
and long-term ecological research remains a particular challenge. Much (qualitative) 
social science is excluded from LTSERs, i.e. much of the potential arising from 
the tradition of environmental social science is not utilised. In the future it would be 
important to build links that take better advantage of this basis. By incorporating 
approaches from theoretically-oriented social science, LTSERs could grow stronger. 
Opening up possibilities for social scientists to carry out concrete long-term research 
in an interdisciplinary context would, in turn, strengthen the theoretical and empirical 
basis of environmental social science. There are many common starting points. 

 LTSERs offer possibilities to develop case-based strategies such as:

   problem-based approaches,  • 
  multi-method research, as well as  • 
  triangulation (conceptual, methodological).    • 

 This requires that social and natural scientists are seen as equal partners and col-
laborators in the platforms, and are allowed to take initiative for developing research 
ideas. Problem-oriented approaches could be helpful in developing further work 
that is genuinely interdisciplinary in character.  

    18.6   Conclusions 

 Moving from LTER to LTSER means a radical change in the way research is developed 
and research infrastructure is built. In the case of the latter, the spatial scale is many 
times larger or multi-scale, the optimal area is no longer necessarily the site most 
remote from human impact and the research requires inclusion of social scientists 
into the development and implementation of research strategy. 
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 Why was the LTSER concept seen as a good strategic choice for Finland? When 
re fl ecting against the theoretical background on the dif fi culties of moving towards 
long-term socio-ecological research, certain characteristics can be identi fi ed as 
driving forces to catalyse the gradual move towards adopting the ideals of LTSER 
in the Finnish context. 

 As we showed, problem-oriented interdisciplinary environmental research, 
including environmental social science and informal and formal connections with 
knowledge producers and users, developed comparatively early in Finland. The 
LTSER approach was introduced to Finnish scienti fi c institutions and the scienti fi c 
community in an effective manner. Our analyses revealed that the message concerning 
the value and future of the LTSER concept was communicated to the research and 
stakeholder community in a way that created enthusiasm among the participants 
and that made its future potential apparent. 

 Many challenges still arise from the LTSER concept. Although problem-oriented 
environmental research is highly topical and its value is stressed by many funding 
agencies, there is also epistemological and methodological friction in practice when 
moving from research with a restricted time span to long-term research in social and 
interdisciplinary research on the one hand, and from long-term ecological research 
to socio-ecological research on the other. 

 The bene fi ts of a strong LTSER approach are gradually starting to show and 
appear to validate the strategic decisions to undertake a bottom-up process and to 
adopt a strong interdisciplinary approach to the development of the FinLTSER 
network made by the planning group in 2004. A top-down process in a situation 
where no funding was available for the sites and platforms could have either left the 
process stuck at the planning stage or ended with a network taking action on paper 
only. Interdisciplinarity, on the other hand, has enabled Finland to function as a 
model for the existing and forthcoming European sister-networks through the LTER-
Europe Expert Panel on LTSER (LTER-Europe  2005  ) . 

 The main task of the individual LTSER platforms and of the network of platforms 
is to enhance the production of long-term knowledge to support the sustainability 
of socio-ecological systems, from the local to the global level. This requires further 
methodological development of long-term interdisciplinary research and close col-
laboration within universities and research institutes in Finland as well as internation-
ally. This could be a potential focus of interest for the researchers in the platforms.      
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  Abstract   The Austrian Eisenwurzen LTSER Platform has been implementing the 
concepts of long-term socio-ecological research since 2004 to foster sustainable 
regional development by facilitating scienti fi c research according to regional and 
local needs. In order to achieve this, scienti fi c expertise from various disciplines for 
a given region is concentrated and bundled to allow for a better integration of primarily 
disciplinary approaches into an inter- and transdisciplinary research framework. 
A better understanding of feedbacks and information  fl ows between the region and 
science is the main task of the platform. The Eisenwurzen is a region with a long 
history but fuzzy boundaries, de fi ned rather by the cultural identity of the local 
population than by natural characteristics. The platform is located in the borderland 
of the federal provinces of Upper Austria, Lower Austria and Styria, with a total 
area of approximately 5,776 km 2 . 

 This chapter describes the characteristics and challenges of the region, the imple-
mentation process, and the structure and services of the Austrian Eisenwurzen 
LTSER Platform.  
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    19.1   Introduction 

 Up to the 1990s, long-term ecological research (LTER) focused mainly on processes 
and patterns of semi-natural and natural ecosystems. Small-scale sites (1–10 km 2 ) 
are selected according to speci fi c ecosystem criteria (e.g. hydrological catchments 
of small rivers and lakes) and preferably in semi-natural or natural areas. Based on 
site measurements, LTER aims to document and analyse ecological patterns and 
processes in order to detect environmental change and its impacts on ecosystems 
and it provides relevant information on ecosystem change. However, LTER has its 
limits when it comes to explaining the drivers of ecosystem and biodiversity loss on 
a large scale, often induced by human activities. Consequently, the integration of 
aspects of society, economy, public opinion and land-use history led to the inclusion 
of the social dimension in such research, which was then termed long-term socio-
ecological research (LTSER) (Redman et al.  2004 ; Haberl et al.  2006 ; Singh 
et al.  2010  ) . Evidently, most drivers and pressures and their impacts cannot be 
comprehensively investigated on the spatial scale of hundreds of hectares of LTER 
sites. LTSER applies its research on a regional scale, sharing a common land-use 
history and similar environmental conditions. Beyond the requirement that LTSER 
should be interdisciplinary, LTSER is also context-driven and problem-focused 
which implies the involvement of stakeholders from the region in terms of transdis-
ciplinary research approaches (for further details, see Mirtl et al., Chap.   17     in this 
volume). The European regional group of the global LTER network, LTER-Europe, 
was set up with a strong focus on the LTSER component and the implementation 
of LTSER in hot-spot areas, with so-called “LTSER Platforms” in the range of 100–
10,000 km 2 , ideally containing a number of LTER Sites carrying out traditional 
ecosystem research in habitats typical for the region (Mirtl and Krauze  2007 ; Mirtl 
et al.  2009 ; Mirtl  2010  ) . Although the management of an effective LTSER platform 
is a complex challenge, nevertheless, in order to build up a socio-ecological research 
capacity across Europe, the LTER-Europe network wants each of the major socio-
ecological systems (Metzger et al.  2010  )  of the continent be represented by at least 
one LTSER platform. 

 In this paper, we introduce the region of Eisenwurzen in Austria as one of the 
 fi rst LTSER platform implemented in accordance with the de fi nitions and criteria of 
LTER-Europe. The long land-use history of the Eisenwurzen region together with a 
high density of research facilities at different scales were the main criteria for selecting 
the region as an LTSER platform. In this chapter, we  fi rst outline the history of the 
Eisenwurzen region and the challenges it has faced in terms of socioeconomic and 
ecological changes in past centuries, before presenting the implementation of the 
LTSER platform. Finally, we discuss the management structure, services and future 
perspectives of the Eisenwurzen LTSER Platform.  

http://dx.doi.org/10.1007/978-94-007-1177-8_17
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    19.2   The Eisenwurzen Region in Austria 

 The Eisenwurzen is a region with a long history but fuzzy boundaries (Mejzlik 
 1935  ) , de fi ned by the cultural identity of the local population rather than by natural 
characteristics (Heintel and Weixlbaumer  1998,   1999 ; Roth  1997,   1998  ) . It is situated 
at the border between three federal provinces, with rather evenly sized parts situated 
in Upper Austria, Lower Austria and Styria. 

 The Eisenwurzen represents a biogeographic gradient from the northern Alpine 
foothills in the north to the Northern and Central Alps in the south (see Fig.  19.2 ). 
It shows a pronounced relief, with altitudes ranging from 167 to 2,512 m ASL and 
having an average altitude of 840 m ASL. The climate is continental and exhibits a 
geology of limestone and  fl ysch material (see Table  19.1 ).  

 The hilly landscape is dominated by forests and pastoral agriculture. The settle-
ments are mainly concentrated in the valleys. Table  19.2  provides an overview on 
the existing land-cover types.  

 The main land-cover type is forest, which is also a major part of the regional 
economy. The potential natural forest vegetation especially in the montane altitudinal 
range (600–1,450 m ASL) are spruce- fi r-beech forests. In addition, on drier sites 
scots pine ( Pinus sylvestris  L.) can also be found (Kilian et al.  1994  ) . The natural 
forest types mainly remain on steeper slopes. Most of the forests are managed 
forests and are dominated by spruce ( Picea abies  L.). Spruce in the managed forests 
is either planted or resulting from natural regeneration. In the subalpine altitudinal 
range (1,450–1,900 m ASL) natural spruce-dominated forest with a higher amount 
of larch ( Larix decidua  L.) can be found. The timber line is formed by mountain 
pine ( Pinus mugo  L.). Along the smaller rivers especially gray alder ( Alnus incana  
L.) and willow ( Salix  spp.) species can be found (Kilian et al.  1994  ) . 

 The grassland in the valleys was historically dominated by wet meadows and bogs 
from which only some remain today. On drier parts of the landscapes, extensively 
managed and low-productivity dry grasslands, e.g. with  Bromus  species, can be 
found. Today, most of the grassland in the valleys can be seen as improved grassland 
due to melioration. In the mountainous parts of the region, species-rich subalpine 
pastures and alpine habitats such as screes, rocks and snow beds can be found. 

    19.2.1   History 

 In the twelfth century, iron ore mining became established and reached its peak in 
the sixteenth century, when the region contributed 15% of the total European iron 
production (Sandgruber  1997a,   b  ) . For centuries, the entire region was characterised by 
complex interactions between mining, metallurgy and agriculture in the supplying 
hinterland. One consequence was the need for a large amount of timber for 
metallurgy (char burning) as well as for the construction of river rafts for iron trans-
port (Heintel and Weixlbaumer  1998  ) . Provision of food supply for the large 
number of industrial workers and energy supply for industries were major challenges 
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for agriculture and forestry and a primary driver of environmental changes. At the 
turn of the seventeenth and eighteenth centuries, food was mainly imported into the 
area. High energy demands resulted in widespread deforestation. As rivers were 
used for transport and hydropower use, production sites were mainly located in the 
valleys and the forests surrounding these areas were used for energy and construc-
tion, with infrastructure in terms of roads for industrial activities and trade provided 
by the state. Around 1930, a high demand for roads due to the increase of auto-
mobiles and public transport resulted in the development of the road infrastructure. 
Relocation of existing roads with a larger curve radius once again altered the land-
scape (Kreuzer  1998  ) . 

 In the 1850s, a Europe-wide economic crisis, technical improvements within the 
English metallurgy industry, and dif fi culties in restructuring the production from 
decentralised small-scale business to mass production all contributed to the decline 
of the industry in the Eisenwurzen region (Kropf  1997  ) . This resulted in unemploy-
ment, the spread of poverty and depopulation of large parts of the Eisenwurzen 
region (Sandgruber  1998  ) . The need for timber also declined and woodlands began 
to recover, in particular at higher altitudes. Afforestation and shrub encroachment 
were the  fi rst steps of landscape change. 

 Today, tourism, agriculture and forestry are the region’s main economic bases. 
Tourism in the alpine region is highly dependent on the region’s accessibility. After 
1948, the number of tourists increased due to the construction of roads, rail connections, 

   Table 19.2    Land-cover characteristics of the Eisenwurzen region   

 Land cover  % 

 Forest  63.8 
 Managed grassland  13.3 
 Cropland  6.3 
 Complex agriculture  3.7 
 Constructed  2.4 
 Sparsely vegetated  3.4 
 Heathland  5.5 
 Natural grassland  1.2 
 Other (wetland, water bodies, shrubland)  0.4 

  Source: CORINE Land Cover (2000)  

   Table 19.1    Biophysical characteristics of the Eisenwurzen region   

 Characteristic  Min-Max  Mean  StdDev 

 Elevation  167–2,512 m. a.s.l.  840 m a.s.l.  367.87 
 Mean annual temperature  −0.8 to 9.14 °C  6.1 °C  1.44 
 Mean temperature January  −8.3 to −1.4 °C  −3.3 °C  0.82 
 Mean temperature August  6.8–18.3 °C  14.7 °C  1.69 
 Annual precipitation  730–2,202 mm  1,382 mm  240.10 
 Precipitation summer  443–1,306 mm  834 mm  136.72 
 Precipitation winter  274–939 mm  571 mm  117.57 
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hiking paths and ski lifts (Dutzler  1998  ) , thus placing new pressures on the biodiversity 
in the Eisenwurzen region. Within the agricultural sector, two opposing trends 
can be observed: Central areas of the region with a rough terrain are experiencing 
rapid afforestation and land abandonment, whereas land-use intensity is increasing 
in  fl at areas (foothills, foreland), partly driven by increased crop demand due to the 
promotion of biofuels. 

 In the late 1980s, efforts were made to establish a network of nature protection 
sites in the region. Today the region shows the highest proportion of nature 
protection areas in Austria, covering 6% of the total area (without taking into con-
sideration nature protection sites of lower ranks, e.g. nature park areas (“Naturparke”)). 
The Eisenwurzen region has two nature reserves (the Kalkalpen National Park, the 
Gesäuse National Park), a wilderness area (Dürnstein), and several nature park and 
Natura 2000 areas.  

    19.2.2   Socioeconomic and Ecological Challenges 

 The Eisenwurzen region has about 307,000 inhabitants. The population density of 
53 cap/km 2  (Statistik Austria  2010 , see Table  19.3 ) is lower than the Austrian 
national average of 99 cap/km 2 . The inner part (“Innereisenwurzen”, Styria and 
southern Upper and Lower Austria) differs signi fi cantly from the northern  fl at parts 
of the region. For example the city of Steyr (in the northern part) shows a population 
density of 1,481 cap/km 2 , whereas Hie fl au in Styria has only 18 cap/km 2 . Similar 
patterns were identi fi ed for commuting, infrastructure, migration and demographic 
structure. The municipalities in the northern part have a moderately positive to 
positive migration rate (e.g. Dietach +9.9% 1991–2001, +9.1% 2002–2009), whereas 
the inner parts of the Eisenwurzen region show the highest negative migration rates 
in Austria (e.g. Vordernberg −20.9% 1991–2001, −10.1% 2002–2009). A similar 

   Table 19.3    Inhabitants and population density in the Eisenwurzen region   

 2001  2005  2008 

 Total population 
 Part Upper Austria  171,346  172,948  173,651 
 Part Lower Austria  70,119  67,531  67,870 
 Part Styria  68,286  66,537  64,760 
 Eisenwurzen  309,751  307,016  306,281 
 Austria  8,078,225  8,206,524  8,342,746 

 Population density 
 Part Upper Austria  72.62  73.34  73.64 
 Part Lower Austria  43.41  41.81  42.02 
 Part Styria  37.86  36.90  35.91 
 Eisenwurzen  53.61  53.15  53.02 
 Austria  96.31  97.84  99.46 

  Compiled from Statistik Austria  (  2010  )   
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trend is shown in the birth rate, with positive developments in the northern part of 
the region (e.g. Dietach +5.2% 1991–2001, +3.1% 2002–2009) and negative trends 
in the inner parts (e.g. Vordernberg −3.2% 1991–2001, −8.6% 2002–2009). 
The demographic structure is characterised by a rising ageing population in the 
inner parts of the Eisenwurzen (e.g. Eisenerz: 43.4% of the inhabitants were aged 
above 60 years in 2009), whereas  fi gures for the northern parts are within the 
Austrian average. In addition, in the Styrian part of the Eisenwurzen region, e.g. in 
the Vordernberg municipality, more than 76% (Statistik Austria  2011  )  of the working 
population commute to work, whereas in the northern parts, e.g. in the district Steyr 
in Upper Austria, the proportion is only 30% (Statistik Austria  2011  ) .  

 The dependence of the Eisenwurzen region on forestry, agriculture and tourism 
as the main sources of income makes the economic situation of the people living 
there vulnerable to the negative effects of climate change. Not only human society 
has to deal with the consequences of climate change but the ecosystem has to face new 
challenges too. In combination with other pressures on the ecosystem, the compo-
sition of habitats and ecosystems and therefore the character of the landscape and 
the value of ecosystem services are affected. Climate change increases the risk 
of disastrous weather phenomena, as mountain areas are vulnerable to periods of 
persistent heavy rainfall or snowfall, leading to a higher incidence of  fl ooding 
of settlements and agricultural land in the valleys and endangerment by mud fl ows 
and avalanches. Studies looking at subalpine grasslands from the area show different 
responses of vegetation to invasion and shrub encroachment (Dullinger et al.  2004 ; 
Dirnböck and Dullinger  2004  ) . Today, even the national parks within the region of 
Eisenwurzen are facing challenges due to land abandonment (Hasitschka  2007  ) . 
Furthermore, species adapted for living in high mountain areas are at risk of losing 
their ecological niches and becoming extinct, with negative effects on the richness 
of native species (Grabherr et al.  1994 ; Pauli et al.  2003  ) . Nitrogen and sulphur 
emissions increased dramatically during the second half of the twentieth century 
and caused excess deposition of N and in the late twentieth century a decreasing 
deposition of S in natural and semi-natural ecosystems. Excess N deposition causes 
soil eutrophication and the decrease of S deposition results in a signi fi cant, but 
soil-speci fi c, recovery from acidi fi cation. Detected trends of soil properties 
were not unambiguously re fl ected in changes of forest  fl oor vegetation (Dirnböck 
et al.  2007  ) .   

    19.3   Eisenwurzen LTSER Platform 

 Massive environmental changes have been taking place in the region of Eisenwurzen 
over centuries. The long history of iron ore mining and processing shaped the 
current landscape between the twelfth and the nineteenth century (Sandgruber 
 1997b  ) . Moreover, global change is affecting the state of the environment in the 
region today. These changes have a negative effect upon natural resources and eco-
system services (ecosystem protection, livelihoods, etc.). The necessary governance 
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measures related to the sustainable use of ecosystem services and the effects imposed 
on them by global change require adequate research to provide knowledge on socio-
ecological interactions for decades to come. A long-term socio-ecological research 
approach enables researchers to properly investigate how ecosystems react to natu-
ral and human alterations (drivers). The Eisenwurzen LTSER Platform was devel-
oped to integrate existing knowledge and results with the requirements of the region 
and provide services both for research and for local and regional users. 

 The aim of the Eisenwurzen LTSER Platform is to research the complex 
interconnectedness between the natural landscape of the region of Eisenwurzen, its 
historical and current land use, and the controlling variables of this use. Taking 
supra-regional constraints such as global change and socioeconomic framework 
conditions into account, the intention is to develop the scienti fi c basis for sustainable 
management (LTER Management Austria  2009  ) . 

    19.3.1   Process and Development of the Eisenwurzen 
LTSER Platform 

 In 2004, the Eisenwurzen LTSER Platform (“Forschungsplattform Eisenwurzen”) 
was established. The most important issue of the implementation process was to 
integrate existing elements, such as monitoring and research infrastructure as well 
as relevant stakeholders and institutions. The goal was to establish a long-term  
involvement of research and stakeholders in order to set up a well-considered collabo-
ration. The process of implementing the LTSER platform went through several 
phases. An overview on the process is given in Fig.  19.1 .  

  Concept development : The  fi rst steps towards implementation of the Eisenwurzen 
LTSER Platform were taken back to back with the concept of LTSER itself in the 
mid-2000s. This parallel development shaped the LTSER design substantially 
according to the requirements of the region. Experts implementing the Eisenwurzen 
LTSER Platform were at the same time substantially involved in developing the actual 
LTSER concept, which was  fi rst presented under the title “Multifunctional Research 
Platforms (MFRP)” at a joint US-European LTER workshop in 2003 in Motz, France, 
and at the global LTER conference in Manaus, Brazil, (Mirtl  2004  )  in 2004. Outcomes 
of these  fi rst concept development events were put together on a broader conceptual 
basis (Haberl et al.  2006  ) . Under the auspices of the Sixth Research Frame Programme 
(FP6) Network of Excellence ALTER-Net, the concept was then further speci fi ed in 
accordance with experiences gathered in establishing concrete LTSER platforms 
across Europe. From the very beginning, the Eisenwurzen LTSER Platform has been 
one of the  fl agships in that iterative process (Mirtl et al., Chap.   17     in this volume). 

  Stakeholder involvement : As LTSER is a problem-focused and context-driven 
approach, the involvement of local stakeholders as partners was indispensable. 
Therefore, in the beginning of the LTSER process starting in 2003, small-scale 
bilateral workshops with regional stakeholders (local mayors, regional development 

http://dx.doi.org/10.1007/978-94-007-1177-8_17
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agencies, national parks, etc.) as well as the provincial governments of Lower 
Austria, Styria and Upper Austria were held in order to introduce the concept and 
discuss involvement options. The concept of the LTSER platform was attractive 
and plausible for both groups and led to a funding contract for the set-up and man-
agement of the Eisenwurzen LTSER Platform,  fi rst with the Federal Ministry of 
Science, in 2008 joined by the provincial governments with a 3-year contract. 

 In 2004, a special workshop in the context of the Network of Excellence ALTER-
Net (FP6) took place in Gumpenstein (Styria). This was the starting point for joint 
cooperation between researchers with a primarily ecological background undertaking 
their individual research in the Eisenwurzen region, representatives of the Institute 
of Social Ecology, (SEC) Vienna (Alpen Adria University Klagenfurt) and the 
Umweltbundesamt (Environment Agency Austria), who discussed options for the 
implementation of the LTSER concept in Eisenwurzen that emerged simultaneously 
(for details, see Mirtl et al., Chap.   17     in this volume). This led to a general commitment 
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Definition of research topics

Communication formats

General workshops and
annual platform workshops
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LTSER Platform Eisenwurzen
process and development
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Data management
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  Fig. 19.1    Overview of the process and development of the Eisenwurzen LTSER Platform       
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to the LTSER concept within the research community dealing with the region of 
Eisenwurzen. In the  fi rst years of the platform’s existence, natural scientists remained 
in the majority, which led the platform management, acknowledging the necessity 
of interdisciplinary research, to make efforts to involve other disciplines, such as 
landscape science, sustainability science, economics, history and sociology. 

 The general workshops in 2008 and 2009 revealed the success of these endea-
vours in achieving parity in the number of social and natural scientists involved in 
the platform. The focus of these workshops lay with synthesizing individual 
projects or project ideas focusing on the region and the knowledge gained as a 
result. The 2009 workshop led to three new inter- and transdisciplinary project 
outlines, providing evidence of the progress made towards developing a common 
language based on harmonised notions among disciplines and across professional 
boundaries (i.e. involving other actors than researchers). 

 By 2010, the platform could draw upon a broad pool of expertise and valuable 
cooperation experiences, providing the basis for quick and ef fi cient project develop-
ments. In response to questions arising from regional stakeholders, established 
teams and institutional partnerships are currently involved in the development of 
various project proposals. National and international funding calls are of course a 
prerequisite for these activities. However, the platform is not an exclusive community 
but one that welcomes the involvement of new stakeholder and expert groups. 

  Management and platform setup:  The platform management as the integrative 
element of the LTSER platform was formed and established at the Umweltbundesamt 
GmbH, Austria (Environment Agency Austria) in the Department for Ecosystem 
Research and Monitoring in 2004, with funding from the Ministry of Science and 
Research. At the  fi rst annual workshop of the Eisenwurzen LTSER Platform in 
2006, the focus lay with prioritisation of tasks for the management according to 
research, regional development and policy makers’ requirements. 

  Delineation:  The region of Eisenwurzen presents important prerequisites for the 
implementation of a LTSER platform: (1) it has the densest network of protected 
areas in Austria; (2) it already contained a large number of LTER-Sites (in rather 
different terrains and habitats) and (3) it has always been of special interest to 
researchers from various backgrounds due to its history. 

 In addition to the existence of research and monitoring infrastructure, the delin-
eation of the research area is based on socioeconomic and scienti fi c criteria as well 
as on criteria of cultural identi fi cation. In the  fi rst instance, a literature review of 
scienti fi c and grey literature was undertaken, searching for descriptions of the 
“Eisenwurzen” region. Secondly, references to the region made by local associations 
and initiatives (culture, slow food, etc.) carrying the name “Eisenwurzen” or 
“Eisenstraße” were collected. Thirdly, projects and initiatives mainly related to 
regional development (e.g. LEADER 1  regions) were taken into consideration. 

   1See   http://europa.eu/legislation_summaries/regional_policy/provisions_and_instruments/g24208_en.
htm      

http://europa.eu/legislation_summaries/regional_policy/provisions_and_instruments/g24208_en.htm
http://europa.eu/legislation_summaries/regional_policy/provisions_and_instruments/g24208_en.htm
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In order to provide easily accessible and spatially relevant social and economic 
data, the delineation followed municipal boundaries. Finally, a total of 100 municipali-
ties, extending over 5,776 km 2  in the border areas of the provinces of Lower Austria, 
Styria and Upper Austria were de fi ned as constituting the Eisenwurzen LTSER 
platform (see Fig.  19.2 ).  

  Memorandum of Understanding (MoU) : In 2005, a Memorandum of Understanding 
was prepared, which by 2010 had been signed by over 35 parties. Signing the MoU 
meant a general agreement to focus on research closely connected to the needs of 
the population in the Eisenwurzen region, to link up isolated research projects, to 
joint knowledge generation and a general willingness to support data sharing among 
the participating institutions. 2   

  Fig.19.2    The area of the Eisenwurzen LTSER Platform, including infrastructure elements          

   2 For full version, see   http://www.umweltbundesamt.at/en/mfrp_eisenwurzen/      
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    19.3.2   Elements of the Eisenwurzen LTSER Platform 

 To foster the aim of regional integrated research, a LTSER platform consists of 
functional elements that interact with each other (Mirtl et al.  2009 , Mirtl et al., 
Chap.   17     in this volume). The  infrastructure  encompasses the existing monitoring 
and research facilities that provide one part of the data sets. The  research  encom-
passes the ongoing research projects in the LTSER platform. The  stakeholder  element 
encompasses the local and regional stakeholders, which on the one hand provide 
topics for research but on the other hand are key to the success of the research as 
they provide regional knowledge as regional experts and at the same time function 
as users of the results. These three elements may exist without a LTSER platform 
but will be lacking in knowledge exchange among each other. The  platform man-
agement  acts as a service point and communication space to interlink these existing 
elements and to enable a new type of research (see Fig.  19.3  Interlinkage between 
the elements of the Eisenwurzen LTSER Platform). It provides the basic services 
communication, networking and data management for information exchange.  

 This interlinkage and the services of the central platform management for the 
different elements of the LTSER platform are described in the following sections. 

    19.3.2.1   Infrastructure 

 The infrastructure addresses different spatial, temporal and thematic scales. This 
ranges from small-scale process-oriented research and monitoring of regionally or 
nationally relevant ecosystem types to a large-scale assessment on catchment, land-
scape or regional scale addressing parts or the whole of the LTSER platform. Sites 
such as national parks, biosphere reserves or smaller catchments act as intermediaries 
between the analyses of ecosystem processes and the large-scale assessments. 

LTSER Platform
Management

INFRASTRUCTURE
- LTER Sites
- Collections
- National parks
- LTEM

RESEARCH
- projects, teams, institutions
- basic ecosystem research
- nat. conservation research
- socio-ecological research

STAKEHOLDER
- regional development
- municipalities
- federal government
- etc.

LTSER PLATFORM
MANAGEMENT

provided services
- Communication space

Contacts and events
Research topics
Projects and results

- Networking
- Metadata and data 

management

STAKEHOLDER

IN
F

R
A

S
T

R
U

CTURE

  Fig. 19.3    Interlinkage between the elements of the Eisenwurzen LTSER Platform             
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Comparison and integration of results from different scales and harmonisation of 
parameters and measurement methods across sites can be enhanced in terms of 
representation and validity of single sites. 

 Nevertheless, these research infrastructures typically encompass mostly 
monodisciplinary long-term research sites as well as research organisations and 
stakeholders from the region. Sites may be managed by a regional institution within 
the region of Eisenwurzen, such as the Kalkalpen National Park or Gesäuse National 
Park authorities (in Molln and Admont, respectively). It may also be part of a 
national monitoring network like the forest inventory sites of the ICP Forest Level 
II network (Federal Research and Training Centre for Forests, Natural Hazards and 
Landscape, Vienna), which is managed by an organisation outside the region. 

 Concerning funding schemes, the sites differ clearly from one other ranging from 
sites that are funded on a project basis with short-term contracts to sites which have 
a mid- to long-term funding commitment. The mid- to long-term version is the most 
common funding arrangement in the Eisenwurzen region. Those sites have a permanent 
management, such as the Lunz Water Cluster/WasserCluster Lunz (University of 
Natural Resources and Life Sciences, Vienna) or the Zöbelboden ICP Integrated 
Monitoring site (Umweltbundesamt GmbH, Vienna). 

 Figure  19.2  gives an overview of the existing infrastructure in the Eisenwurzen 
LTSER Platform. Data support is a major theme. With the eCatalogue and the LTER 
InfoBase, progress towards ensuring access to metadata is established. In the long 
run, direct access to data should be feasible. Metadata about the existing infrastructures 
is collected with the LTER InfoBase.  3  

    19.3.2.2   Research 

 The participating research institutions are public as well as private organisations 
with headquarters mainly outside of the region in the cities of Vienna, Graz, and St. 
Pölten. The research disciplines extend from natural sciences (ecology, biodiversity 
research, forestry, veterinary science, limnology, etc.), landscape sciences (geogra-
phy, landscape and rural development, etc.) and cultural sciences (environmental 
history, agricultural history) to interdisciplinary sciences (sustainable science, 
socio-ecological science, climate science). Additionally, technical sciences such as 
remote sensing and GIS offer methods used within various projects. 

 Questions including how do/will human actions and economy affect an ecosystem? 
Which constraints will arise from the modi fi ed ecosystem? How do changes in the 
ecosystem impact upon humans’ well-being in the region? are within the remit of 
LTSER. Potential developments of regional and supra-regional parameters (global 
change, socioeconomic conditions, etc.) are analysed and visualised with the help 
of models and scenario-building. The Eisenwurzen LTSER Platform encompasses 
the following research areas:

   3 See   https://secure.umweltbundesamt.at/eMORIS/      
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    Ecosystem research  – basic ecosystem research deals with the complex matter of 
mechanisms and functional chains within an ecosystem such as the effect of nitro-
gen deposition on the biodiversity and soil processes in terrestrial environments.  

   Applied science on biodiversity and nature protection  – applied science is based on 
the knowledge and facts gained from different  fi elds of natural science. The focus 
lies with problems occurring in the areas of nature protection and biodiversity.  

   Socio-ecological research  – the main focus of this particular  fi eld of research 
comprises the biophysical interactions between society and the natural environment, 
and involves examining material and energy  fl ows, land use and time use.    

 Within the Eisenwurzen LTSER Platform, a number of projects have been 
carried out across these research  fi elds. Table  19.4  gives an exemplary overview of 
research projects in the Eisenwurzen region .    

    19.3.2.3   Stakeholder 

 Within the Eisenwurzen LTSER Platform, different stakeholder groups can be 
identi fi ed. Major players for the LTSER platform management are the  provincial 
governments , both in terms of funding and formalisation. In addition, they are key 
parties responsible for the regional and local development. They are also stakeholders 
providing expert knowledge during the research process in terms of de fi ning 
questions and problems to be investigated. As research  fi ndings – ideally – ought to 
support decision making at various scales, provinces are among the most important 
users of the results. 

 Secondly,  local decision makers and the public , as municipalities or regional 
development associations. These are relevant for both the de fi nition of research 
questions and for the transformation of results from research projects and analysis. 
Furthermore, as experts on the region they provide highly valuable information and 
knowledge that is particularly needed for transdisciplinary research work. 

 These two  local and regional stakeholder  groups are the main contact points 
for the platform management and interact, although generally not directly, with the 
following stakeholder groups. 

 Thirdly, the  managing institutions  which run research and monitoring sites in the 
region often work on various thematic and spatial scales and in different ecosystem 
types. The location of the managing institutions can be either within the region and 
normally with a high administrative commitment to the region (e.g. national park 
authority of the Kalkalpen National Park, Molln) or outside, with a lower adminis-
trative commitment to the region (e.g. Umweltbundesamt GmbH, Vienna). 

 Fourthly, the  research institutions  that have a special focus in the region can be 
identi fi ed (e.g. Institute of Social Ecology, University of Klagenfurt, Vienna). These 
research institutions often co-operate with the platform management on a project 
basis as they use data of existing long-term monitoring and research sites on the one 
hand and established contacts with regional and local stakeholders. 
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 As the last stakeholder group, the  networks  can be identi fi ed that have a special 
focus on the research in the region (e.g. LTER Austria). These act as an interface 
between science and environmental policy.  

    19.3.2.4   Platform Management 

 To cope with the diversity and heterogeneity of a LTSER region in terms of infrastruc-
ture, research, and stakeholders, the platform management provides a range of dif-
ferent services that allow for a new level of interaction and knowledge generation. The 
platform management acts as both a service provider and an interface between research 
institutions, regional institutions, infrastructure and funding organisations (see 
Fig.  19.3  Interlinkage between the elements of the Eisenwurzen LTSER Platform). 

 Formally, the Eisenwurzen LTSER Platform is a section of the registered asso-
ciation LTER Austria, which de fi nes the legal framework. It can therefore act as a 
legal body. The management is undertaken by the Umweltbundesamt GmbH 
(Environment Agency Austria) and funded by the Ministry of Science and Research 
and the provincial governments of Upper Austria, Lower Austria and Styria. The 
funding was guaranteed by a 3-year contract starting in 2008. 

 Mirtl et al.  (  2009  )  list the categories of the core services for a LTSER platform which 
can be grouped into three main topics: (a) conceptual work and formalisation, (b) com-
munication and networking (networking across interest groups, disciplines & stakehold-
ers; communication space; representation (nationally, internationally); communication 
with the public; education, youth and researcher training; lobbying and fundraising), and 
(c) data management and integration (data integration and policy, IT tools). 

 As mentioned above, in the 2006 workshop, tasks for the platform management 
of the Eisenwurzen LTSER Platform were speci fi ed and developed in the succeeding 
years. These services are speci fi ed here for the case of Eisenwurzen in the following 
section. An overview of the way in which a typical research project can be 
supported by the platform management is given: from the establishment of the 
research consortium until the dissemination of the results. 

 Firstly, the  conceptual work and formalisation  of the Eisenwurzen LTSER 
Platform is an important task of the platform management. Based on the concepts of 
LTSER, this provides the concrete conceptual and legal framework for interaction. 

 This includes  fi rst of all the establishment of the label “Eisenwurzen LTSER 
Platform” within the research community and the local and regional stakeholders, 
together with the development of a “sales strategy” for this label. This requires 
ongoing de fi nition and operationalisation of the services provided by the platform 
management to form an operational body. A steering committee was put in place to 
de fi ne the work plan. The steering committee consists of selected stakeholders from 
the provincial governments as funders, of regional development institutions as users, 
and the Umweltbundesamt GmbH (Environment Agency Austria) as the management. 

 Phasing out the usefulness of the LTSER concept in terms of the emerging problems 
in LTSER implementation is an important task. At the beginning of the implementation 
process of the Eisenwurzen LTSER Platform, a preliminary analysis of relevant 
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stakeholders and main research topics was carried out. The goal was to identify 
the link between research and the potential users of the results produced by the 
Eisenwurzen LTSER Platform. This practical experience feeds back into the further 
development of the LTSER concept through international links and project involve-
ment. Aspects of this work were discussed during the LTSER workshop organised 
by LTER Europe in 2009 in Sumava National Park (Czech Republic), leading to a 
LTSER best practice guide. 

 Secondly, the creation of a  communication space  was crucial due to the large num-
ber of people and institutions involved in the LTSER platform, some of them coming 
from very different backgrounds (regional context, scientists). A common language is 
not even spoken among scientists from similar disciplines using the same terms. Every 
discipline has its own epistemology, working culture, network and rules. In order to 
communicate effectively, different stakeholders have to get used to each other and 
learn to express themselves in a mutually understandable way, using common termi-
nology and concepts, which  fi rst need to be elaborated. The greatest challenge involved 
rather simple and apparently self-explanatory terms, which – lacking proper discus-
sion and clari fi cation – sometimes hampered group progress for several months. 
Participants are invited to talk about their projects and ideas in workshops and small-
scale meetings, which leads to lively discussions and learning processes among the 
participants with different backgrounds. This is also an aspect of the communication 
space provided by the platform. Especially where gaps in knowledge have been 
identi fi ed at a regional level, analyses of the research results and their translation into 
guidelines is an essential part of the communication process. Creating a proper frame-
work and facilitating events at which regional stakeholders and researchers can 
exchange ideas and views on certain topics, but – very importantly – also expectations 
and hidden agendas is a challenging task for a platform manager. 

 A website for the Eisenwurzen LTSER Platform was set up to provide information 
and communication space. 4  Communication with the region has an additional feature 
since 2009: not only are questions from the region taken into account when de fi ning 
research projects, but conversely the results of research projects are also discussed in 
the region at regular public events under the heading “Eisenwurzen-Academy”. 

 Effective support provided by the platform for a project throughout the research 
process can include:

   Preparation phase of the studies• 

   Provision of an overview of research questions and topics de fi ned by the practi- –
tioners as being of relevance to the region  
  Contact to regional partners, as well as to international project partners   –
  Organisation of meetings between stakeholders and researchers to enable  –
common interests to be shared  
  Lobbying for research projects with funding bodies; informing researchers  –
about possible funding opportunities  
  Checking availability of data      –

   4 See   http://www.umweltbundesamt.at/umweltsituation/lter_allgemein/mfrp_eisenwurzen/      

http://www.umweltbundesamt.at/umweltsituation/lter_allgemein/mfrp_eisenwurzen/
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  Survey and analysis• 

   Provision of basic data on the Eisenwurzen region   –
  Provision of access to requisite data (through the data platform and in accor- –
dance with data sharing contracts)     

  Reporting• 

   Propagation of results within the community and beyond   –
  Public relations support in terms of reporting back the results to the region in  –
an event organised by platform management and regional partners, including 
the translation of reports and results for regional purposes       

 Thirdly, the  central facilitation of data  fl ow  and access provided by the platform 
management represents an excellent means of support for complex LTSER projects. 
Data management includes providing an overview of available data sets as well as 
metadata on  fi nished projects, literature and stakeholders, etc. The overview is made 
available through an online catalogue 5  accessible to all active stakeholders of the 
LTSER platform. Data management within a LTSER platform also involves setting 
up data sharing contracts with relevant institutions in order to secure clear criteria 
for data access and (re-)use (IPR) (see Fig.  19.4 ). A template of a data sharing contract 
based on common rules and according to the commitment in the Memorandum of 
Understanding (MoU) is bilaterally adjusted for each data holding partner, in accor-
dance with institutional data policies and technical criteria.  

 The added value of the platform management is the facilitation of information  fl ows 
(contacts, projects, etc.) between the different user groups. It provides support inter-alia 
in  fi nding partners for project consortia as well as in integrating and utilising existing 
initiatives, data and knowledge for further research within and for the region.    

LTSER
Eisenwurzen

Data providers

Data Access rights
Terms of use
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  Fig. 19.4    Data management concept for Eisenwurzen LTSER Platform       

   5 See   https://secure.umweltbundesamt.at/eMORIS/      

 

https://secure.umweltbundesamt.at/eMORIS/


47919 The Eisenwurzen LTSER Platform (Austria) – Implementation and Services

    19.4   Lessons Learned 

 After 2 years of implementation of the Eisenwurzen LTSER Platform, an analysis of 
Strengths, Weaknesses, Options and Threats (SWOT) was carried out. It focused on 
the main topics of  generation of knowledge ,  communication , and  data management.  

 The  generation of knowledge  aims at providing information for regional and 
local decision makers at different levels. Dif fi culties arising from the difference 
between scienti fi cally motivated questions and the questions of stakeholders and 
from the issue of time needed to generate the knowledge sought are crucial points 
to be solved. 

 The integration of local and regional stakeholders raising relevant (research) 
questions emerged as an important strength of the LTSER platform concept. This 
includes the implementation of procedures to identify speci fi c questions from 
the stakeholders, the recruiting of researchers to address such questions and the 
development of a research concept. The implementing phase allowed trust to be 
built up between the research community and stakeholders over the years through 
platform management and personal contacts. This is also supported by the fact 
that many researchers have a personal background in the Eisenwurzen region and 
thus have a strong interest in the development of the region. Working for years in the 
region often results in a long-lasting relationship between researchers, stakeholders 
and the region itself. Furthermore, the “language” barriers (between disciplines 
and research/region) are becoming less dominant over the years through working 
together and generating a common understanding for problems and work routines. 

 The delineation of the region took account of borders in the European funding 
scheme for regional development, LEADER. The resulting spatial coherence makes 
it possible to use the results from research projects to formulate applied regional 
development funded by this programme. Compared to other LTSER platforms 
already implemented in Europe, the area of the Eisenwurzen LTSER Platform 
comprises “unspoiled nature” and industrialised settlements in similar environments, 
thus allowing the comparison of trends and developments. 

 Given the great demand for quick responses to the urgent questions arising from 
local and regional stakeholders, one of the weaknesses in the area of knowledge 
generation is the time lag that occurs between formulating a research question and 
obtaining the results. This re fl ects the contrast between long-term monitoring 
and research, which addresses trends over long time periods, versus regional devel-
opment with its need for immediate answers. The development of a consistent 
strategy for “translating” research results into immediately usable information or 
even concrete advice for stakeholders is currently on the agenda. Within most of the 
research projects, however, no funding for this communication work is foreseen 
and researchers responsible for the outcomes of the projects generally do not 
discuss the results and options for implementation with the relevant stakeholders. 

 The spatial extent of the Eisenwurzen LTSER Platform is both a strength and a 
weakness. Its very large area of over 5,700 km 2  makes it impossible for most of the 
individual projects to cover the whole region. This raises the issue of up-scaling 
results, since many of the small projects only cover small areas or special topics. 



480 J. Peterseil et al.

Concepts for the up-scaling of results need to be developed to avoid vague and 
inaccurate generalised information for the region. 

 Finally, the lack of funding schemes for regional research in LTSER platforms is 
a signi fi cant weakness in the implementation of the Eisenwurzen LTSER Platform. 

  Communication  is one of the major services provided by the management of 
the Eisenwurzen LTSER Platform. To keep everyone up-to-date, formats such as 
annual workshops, the “Eisenwurzen-Akademie”, events to present project results, 
a newsletter and a website were employed. These activities support the formulation 
of transdisciplinary projects by providing the communication space to build con-
tacts and de fi ne research questions together with stakeholders or other research 
teams. The research community represents various institutes, many different research 
topics, research methods and approaches. The Eisenwurzen LTSER Platform brings 
together the different disciplines and facilitates discussions. The resulting quality of 
the research is a great advantage and strength of the LTSER concept. 

 The fragmentation of the actor groups in the Eisenwurzen LTSER compared to 
other LTSER platforms is one of the largest challenges and weaknesses. As researchers 
are working in different institutions, large communication gaps have to be bridged 
in comparison to e.g., the two LTSER Platforms in southwest France (Alpes Oisans 
and Alpes Vercours), where researchers mostly derive from one (interdisciplinary) 
institute, CEMAGREF (Research Institute for sustainable land and water manage-
ment, France), where a continuous exchange of thoughts takes place easily. 

 Furthermore, the large spatial extent of the Eisenwurzen LTSER Platform, spread 
across the administrative boundaries of three provincial states, is a major challenge, 
as different policies and emphasis occur in every part or the region, and different 
contact points must be negotiated with. Furthermore, on the practical level too, 
people are not used to working together as their work is usually limited to their 
federal areas. Despite the close personal relations between many of the researchers 
working on the Eisenwurzen region, many research institutions are situated outside 
the region, which makes communication dif fi cult even with the help of modern 
technologies, since local stakeholders in particular generally prefer to communicate 
in person or directly by telephone. 

 Providing  data management  for the Eisenwurzen LTSER Platform is a huge task 
in terms of efforts and costs. The strength of the platform is the large pool of available 
research and monitoring data from the large number of monitoring facilities 
and historic and ongoing research. Progress has been made in setting up services of 
the platform management as a data platform (including data sharing contracts and 
metadata on sites and research projects). This also includes the integration of the 
Eisenwurzen sites in the LTER-Europe metadata catalogue as a central documenta-
tion point for the sites and infrastructure. 

 The fragmentation in terms of the storage of monitoring data across many 
institutions is one of the challenges and weaknesses of the platform. It is dif fi cult 
to collect metadata (research projects, literature, etc.) and to obtain an overview 
of the existing data. A weakness also lies in the structure of existing data sets. 
Demographic and economic data mostly refer to administrative units on different 
scales, whereas data sets on the natural conditions mostly refer to analytical units 
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as plots or smaller regions. This raises the issue of cross-scale integration of the 
data, which is an important scienti fi c question to be solved for the Eisenwurzen 
LTSER Platform. 

 The outcome of the SWOT analysis forms a valuable basis for de fi ning the 
actions required to improve the Eisenwurzen LTSER Platform. Key requirements 
are: enhancement of data accessibility, provision of data management tools, lobbying 
for funding of regional research projects, further development of the LTSER 
concept, and securing the long-term funding of the platform management and the 
existing research and monitoring infrastructures in the region.  

    19.5   Conclusion 

 In 2004, the Eisenwurzen LTSER Platform was launched and formalised through 
a Memorandum of Understanding signed by 35 parties. In comparison to other 
LTSER platforms, which are more or less dominated by one large research insti-
tute or national park, etc., the Eisenwurzen LTSER Platform consists of several 
research institutions both in and outside the region, national parks and other pro-
tected areas, regional development organisations and municipalities. This special 
setting implies a more comprehensive and integrated approach but also brings with 
it many challenges. Bringing the different players together and keeping them 
motivated has taken and continues to demand a lot of time and personal effort by 
those involved. 

 The Eisenwurzen LTSER Platform provides a framework for transdisciplinary 
socio-ecological research in the region. One of the main tasks of the platform 
management is to facilitate communication between researchers and local commu-
nities which are mainly represented by regional development organisations. 
Therefore, providing an adequate communication space and relevant information 
for the different actor groups is crucial for the platform’s success. Information on 
national and international research funding programmes, conferences and other 
events, new region-relevant topics, calls for cooperation, research projects and their 
results etc. have to be collected, screened and disseminated via different communica-
tion channels. In principle, this information management is time- and resource-
intensive and largely dependent on the willingness of the different players to provide 
information. 

 This is especially true for information on existing data. Data on the region are 
essential for further research as well as for decision makers aiming to create sustainable 
regional development. But the majority of existing data is neither stored centrally 
nor easily accessible. Therefore, a common data strategy and data management 
have proven to be essential. The general commitment to make one’s own data available 
for research projects within the platform was signed by the partners as part of 
the Memorandum of Understanding. Effective accessibility of data sources can be 
crucial for making informed decisions about where to undertake a research project 
and as a consequence, for the  fl ow of research funds into the region. 
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 The time factor should never be neglected when establishing a LTSER platform – in 
several respects. On the one hand, it takes a great deal of time and effort to inform all 
key people and institutions of a new research approach. Although those involved are 
usually open-minded and prepared to devote some time to the new “LTSER idea”, 
expectations are unfortunately often too high and unrealistic, given the lengths of the 
cycle that begins with identifying a research question, and moves through develop-
ing a project, getting the funding, implementing the project, analyses, publication, 
dissemination of results, translation of results in management and/or political mea-
sures and –  fi nally – to the assessment of effects. This process may take 5–10 years 
or more, but the longer the particular players have to wait for the anticipated bene fi ts, 
the higher is the risk that their interest or trust will be lost and the greater the 
effort needed to keep them motivated. In addition, complex questions on society-
nature interactions cannot be answered by individual interdisciplinary projects but 
involve the support of disciplinary research and monitoring to provide results and 
data and clusters of concerted projects in the long term, ideally speci fi c research 
framework programmes and funding mechanisms, especially at the national level. 

 During the start-up phase over the last 5 years,  fi nancial support from the ministry 
concerned as well as from the three federal provinces involved in the platform man-
agement and a few appropriate national and European research programmes proved 
essential for the successful establishment of the Eisenwurzen LTSER Platform. 
Without an independent and neutral platform management, this challenge would 
have been unlikely to have gained such broad acceptance within a relatively short 
time. The platform management provides services to the stakeholders of the LTSER 
platform rather than being active in research projects. Therefore its work cannot be 
directly measured in scienti fi c terms. But good research projects are the focal aim 
of all these efforts. The more projects develop from the transdisciplinary platform 
context based on real knowledge needs, the more research results enabling sustain-
able regional development can be delivered and the more the key participants remain 
satis fi ed and motivated to engage actively in the LTSER process. One of the major 
concerns for the platform management is the existence of funding opportunities 
for project ideas and those projects already delineated. If these are not available, the 
platform is in danger of losing its associates. Nevertheless, a Europe-wide comparison 
shows that the Eisenwurzen LTSER Platform is among the most highly developed 
and structured LTSER platforms.      
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  Abstract   The Central French Alps long-term socio-ecological research Platform 
(Central French Alps LTSER) focuses on the coupled dynamics of alpine ecosystems, 
their uses and climate. The creation of the Platform has provided a unique opportunity 
to initiate and strengthen collaborative transdisciplinary research involving a range 
of natural and social scientists (ecologists, agronomists, climatologists, sociologists) 
and key regional stakeholders from the agriculture, tourism and nature conservation 
sectors. The main research questions were built on existing long-term research proj-
ects at two sites. They include climate change effects on biodiversity and ecosystem 
functioning, and coupled dynamics of grassland management, biodiversity and 
ecosystem functioning through ecosystem services, using not only observations of 
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natural and human systems, but also manipulative experiments of climate, management 
and plant and soil diversity to feed models. The LTSER Platform has fostered 
three important types of advances: (1) Long-term data consolidation and sharing. 
(2) Invigorating interdisciplinary projects (e.g. coupled transformations of economic 
functioning of farming systems and mountain summer pastures dynamics; mutations 
of alpine tourism in the face of climate change). (3) New transdisciplinary projects, 
including climate change adaptation of mountain territories, integrated carbon cycle 
modelling in response to historical land-use change and climate; a sociological 
study of the process of construction of the LTSER Platform.  

  Keywords   Mountain system  •  Land use dynamics  •  Climate change  •  Biodiversity  • 
 Ecosystem services      

    20.1   Introduction 

 In the last few decades, social and ecological scientists have worked and developed 
their theories in more or less complete isolation from each other. While the former 
have often thought “as if nature did not matter” (Murphy  1995  ) , the latter were 
particularly interested in the biological and physical dimension of nature. Moreover, 
human in fl uence was and is still today often interpreted by ecologists as a “perturbation” 
(White and Jentsch  2001  )  and is more rarely seen as part of the complex interactions 
in nature (Liu et al.  2007  ) , while many sociologists regard nature as a purely social 
construct. Today’s environmental challenges, in particular the effects of global 
change and the predicted considerable human impact via land-use changes on 
biodiversity (Sala et al.  2000  )  require in particular that sociologists, economists, 
climatologists and ecologists develop common approaches in order to collaborate 
on one of the most pressing problems of the twenty- fi rst century. Recognition has 
grown in all  fi elds over recent years that neither human nor biophysical systems can 
be studied autonomously. This recognition is the impetus for studying the dynamics 
of complex and interdependent social and ecological systems as it is undertaken in 
LTSER research (Haberl et al.  2006  ) . 

 In France, several research institutes and universities decided to participate in the 
creation of an LTSER Platform in the Alps in order to address the complex question 
of interactions between humans and the environment, in the context of mountain 
systems. Here, we describe and re fl ect on the process of creation and implementa-
tion of a newly established long-term socio-ecological research Platform in the 
French Alps seeking to promote the integration of interdisciplinarity in research that 
initially focused on ecology. The project emerged simultaneously with a Europe-
wide initiative to create and implement LTER sites and LTSER Platforms (Mirtl 
 2010  ) , but the construction process took place in parallel, rather than being driven 
by the European initiative. 

 We  fi rst describe the process of creating the LTSER Platform, including how the 
genesis of the LTSER Platform itself became an object of research for sociologists, 
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and the key collaborative tools that were built to facilitate data exchange. We then 
illustrate with recent research projects how the creation of a long-term socio-eco-
logical research Platform provides an important framework to formalise transdisci-
plinary collaboration.  

    20.2   Constructing the Central French Alps LTSER Platform 

    20.2.1   Identi fi cation of Potential Partners 

 When the idea of creating a LTSER Platform  fi rst emerged, both lead partners, 
CEMAGREF (Institute of agricultural and environmental engineering research; a 
government-funded research organisation under the administrative authority of 
France’s Ministries of Agriculture and Research) and CNRS (a government-funded 
research organization under the administrative authority of France’s Ministry of 
Research), were already involved within their respective organisations in establish-
ing their own priority research area in the French Alps: CEMAGREF within the 
framework of Alter-Net, while CNRS was integrated in the French scheme of the 
“Zones Ateliers” (literal translation: “workshop areas”). In each of these organiza-
tions, one laboratory was particularly involved: the Alpine Ecology Laboratory 
(LECA) at CNRS, and the Mountain Ecosystems Research Unit (RU EM) at 
CEMAGREF. As they were already collaborating as part of ongoing projects and 
regional infrastructure development, the idea of merging the two processes into a 
larger one was rapidly adopted. However, as both laboratories within each institute 
were largely dominated by ecologists, signi fi cant effort was made to enlist research-
ers from other disciplines in the project (Table  20.1 ). In a second step, non-scienti fi c 
actors such as local representatives from forestry and agriculture, and important 
stakeholders in the  fi eld of nature conservation including national and regional 
parks were contacted (Table  20.1 ).      

    20.2.2   Choice of the Main Research Topic and the Study Region 

    20.2.2.1   The Study Region 

 The Central French Alps have a number of key assets for the study of the dynamics 
of land systems in the context of global change. It is well known that mountain 
regions in general, and the Alps in particular, have developed under strong natural 
constraints. The rugged topography as well as the north–south direction of the 
ranges results in steep environmental gradients, as well as in a high spatial hetero-
geneity in climatic, topographic and soil conditions. Such constraints promote the 
existence of a large diversity of natural habitats, making the Alps a biodiversity hot 
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   Table 20.1    Partners and their disciplines involved in the Central French Alps LTSER Platform 
Aps   

 Scienti fi c partners  Disciplines 

 CNRS Alpine Ecology Laboratory*  Ecology 
 Cemagref Research Unit (RU) Mountain Ecosystems*  Ecology, agronomy, forestry 
 CNRS Transfers, Hydrology and Environment Laboratory  Climatology, hydrology 
 CNRS Alpine Research Station Joseph Fourier  Ecology 
 Cemagref RU Development of Mountain Areas  Agronomy, sociology, economics 
 Cemagref RU Public policies, politic actions and land 

management 
 Geography 

 Local and socioeconomic partners 
 Ecrins National Park  Nature conservation, education 
 Vercors Regional Nature Park  Nature conservation, education 
 Nature Reserve Hauts Plateaux du Vercors  Nature conservation 
 National Alpine Botanical Conservatory  Nature conservation, botany 
 Several professional bodies in the  fi eld of agriculture  Agriculture 
 Of fi ce for Agriculture of Hautes-Alpes  Agriculture 
 National Forest Bureau  Forestry 

  Lead partners are indicated with an asterisk  

  Box 20.1 Structure and Governance of the Central French Alps LTSER 
Platform 

 Zone Atelier Alpes, the Central French Alps LTSER Platform, was estab-
lished jointly by CNRS and CEMAGREF in 2009, following a 2-year con-
struction process based on exchanges between both these two institutions and 
the leading laboratories, and a participative construction process among aca-
demic partners, and between these partners and key regional stakeholders (see 
Table  20.1  for the list of academic and non-academic partners). French Zones 
Ateliers are an administrative entity of CNRS, which are certi fi ed for a period 
of 4 years, with an annual review and a full re-examination, leading to con-
tinuation, restructure or even discontinuation, every 4 years. As such they 
receive an annual budget (ca. 50 k€/year in the case of Zone Atelier Alpes, 
based on pooled contributions from CNRS and CEMAGREF), allocated on a 
year-to-year basis depending on a requested budget and availability of funds, 
and which they then manage in a subsidiary manner. 

 In the case of the Central French Alps LTSER Platform, the scienti fi c strat-
egy and the budget are managed by a steering committee made of the two 
coordinators (currently, one from CNRS and one from CEMAGREF) and the 
three scientists in charge of each of the scienti fi c axes (see main text – 
Sect.  20.2.2.2 , “Scienti fi c Questions”). This group communicates on a regular 
basis by email for the management of projects, information dissemination and 
other issues such as data management, and meets on a regular basis (about 

(continued)
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spot (Körner  1999  ) . This is particularly true for the Central French Alps, given their 
geographic position at the boundary between the external Alps with rather more 
Atlantic conditions, continental in fl uences in the internal Alps, and those areas with 
Mediterranean in fl uences. 

 At the same time, these natural constraints have been re fl ected in human develop-
ment, and especially in agricultural development, in, for example, obstacles to 
mechanisation and limited competitivity in trade due to high labour requirements 
and transportation costs. Over history, climatic and other natural constraints and their 
spatial heterogeneity have become integrated into cultural diversity and activities such 
as agriculture, forestry, tourism, and hydroelectricity (Tappeiner and Bay fi eld  2004  ) . 
Therefore, we hypothesise that ecological and human co-adaptation has taken place. 
Among other features of the coupled human-environment system, important aspects 
that have shaped today’s landscapes include: (i) climate variability over a large variety 
of scales (centuries to interannual); (ii) the development of land-use systems that are 
tightly linked with the provision of a variety of ecosystem services (Girel et al.  2010  ) ; 
and (iii) a strong multi-functionality and regional diversity in land-use systems, but 
also competition among alternative uses. Such complex interactions among climate, 
ecosystems and land-use systems raise the question of whether the Central French 
Alps land system is expected to be resilient or vulnerable to global environmental 
change, and which adaptation strategies may be developed to respond to environ-
mental as well as to socio-political changes. 

every trimester) to monitor the implementation of scienti fi c strategy, organise 
internal meetings and meetings with outside scienti fi c or societal parties, and 
coordinate the budget and its allocation across projects and other actions. The 
management structure was designed to be light and  fl exible so as to adapt to 
the day-to-day dynamics of research. In addition, a formal meeting with rep-
resentatives of each of the Platform partners (Table  20.1 ), including in par-
ticular non-academic partners, is organised yearly. Annual science meetings, 
when possible associated with the  fi eld trips, are organised to enable sharing 
of project results. In addition, dissemination meetings for regional stakehold-
ers from the different sectors relevant to the project (agriculture, forestry, 
nature conservation, tourism) have taken place on a 2-yearly basis. 

 The Platform and the projects that are run therein involves a total of 11 
full-time equivalent (FTE) scientists, 6 FTE technical staff and 17 FTE contract 
staff (mostly Ph.D.s and postdoctoral students but also some short-term technical 
staff). It draws upon an annual operating budget for research projects (salaries 
of permanent staff not included) which amounts on average to 1.5 million EUR 
per year, and comprises funds obtained from the local (e.g. Conseil Général de 
l’Isère, Région Rhône-Alpes), national and European levels. 

Box 20.1 (continued)



490 S. Lavorel et al.

 The speci fi c study areas for the Central French Alps LTSER Platform were 
selected among sites already studied by at least one of the institutional partners, and 
thus where signi fi cant data sets were available and much knowledge had already 
been acquired regarding ecological (for the main part), climatic, economic, and 
social processes. We cross-checked the most promising regions with the recommen-
dations given by Ohl et al.  (  2007  ) . Finally, two study regions with three main moni-
toring sites were selected, and form the Central French Alps LTSER Platform 
(Fig.  20.1 ). In economic terms as well, the Platform contains a wide diversity. 
Intensi fi cation and extensi fi cation processes are ongoing within the agricultural sec-
tor, and, with the ski resort “Alpe d’Huez” and the Ecrins National Park, the tourist 
sector is highly developed. Moreover, site-speci fi c policies addressing biodiversity 
issues are implemented and governmental investments in biodiversity conservation 
are present as a national park (Ecrins) and a regional park (Vercors) which are 
included in the Platform. Finally, the Platform encompasses two NUTS 2 levels 
(Rhône-Alpes and Provence-Alpes-Côte d’Azur) and three NUTS 3 levels (depart-
ments of Isère, Drôme and Hautes-Alpes) which may help us to understand how 
European or national decisions may in fl uence ecological and socioeconomic factors 
at a regional level.   

  Fig. 20.1    Location map for the Central French Alps LTSER Platform and meteorological stations. 
The Platform includes areas with strict protection status ( dark grey ): the Vercors High Plateaux 
Natural Reserve and some of the core area of the Ecrins National Park, as well as inhabited areas 
managed by agriculture and forestry ( light grey ): the Vercors Natural Regional Park and part of the 
peripheral area of the Ecrins National Park. Meteorological monitoring stations set up by the 
LTSER Platform are located using different symbols depending on the equipment in place       
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    20.2.2.2   Scienti fi c Questions 

 It seems important to emphasise that the choice of the core research theme and of 
the study areas was a dynamic process, in which several other partners were con-
tacted and the research topic and the study area redrawn several times. However, 
we only describe the process and its outcome, and deliberately leave out (in spite 
of the substantial efforts entailed) any description of the processes required to 
obtain funding and resources. 

 Right from the beginning, the intention of all partners was to create not an obser-
vatory of current environmental and social development, but an area where most of 
the research is and will be carried out. We therefore deliberately favoured a bottom-
up approach, where the core research topic was developed based on the interests of 
the majority of the participants and on the characteristics of the study area, and not, 
as proposed by others, imposed following a more academic, top-down, approach 
(Redman et al.  2004  ) . All partners agreed that research themes may not be perma-
nent, but will evolve as more data and knowledge are accumulated concerning the 
study system. The core theme  fi nally selected is “research on coupled dynamics of 
alpine ecosystems, their uses and the climate”. It has already consolidated over the 3 
years since the Platform was established, with transdisciplinary projects converging 
towards the analysis of processes of adaptation of alpine territories to global change 
and societal transformations (Fig.  20.2 ). Three main research axes were then jointly 
selected to implement this core theme, and consider (i) the assessment of climate 
changes and its impacts on biodiversity and uses, (ii) the analysis of the coupled 
dynamics of grassland management, biodiversity, and ecosystem services, and (iii) 
the development of new interdisciplinary studies in the study area. This joint approach 
is implemented with a simple governance structure where each research axis is coor-
dinated by a climatologist, an ecologist, and a sociologist respectively.    

    20.2.3   Data Pooling and Standardisation as a Key Element 
of Success 

    20.2.3.1   Climate Monitoring and Climate Data 

 The quanti fi cation of spatial and temporal climate variation is essential to the char-
acterisation of the studied environments, both in terms of quantifying climate trends 
and of providing essential variables for the analyses of biodiversity, biophysical 
processes and resources for human use. Since 2006, the Central French Alps LTSER 
Platform has developed a network of stations to monitor climate at the three inten-
sive research sites and to characterise key gradients of variation (Fig.  20.1 ). 

 Such data will make it possible to produce  fi ne-scale decadal analyses of cli-
mate trends, as was undertaken at the regional scale for the Vercors central plateau 
(Fig.  20.3 ). There the analysis of long-term data series from Météo-France stations 
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within the study region demonstrated a clear warming trend of +1 °C over the last 
30 years, while there was no clear trend for total annual precipitation in spite of a 
shift to more Mediterranean regimes (Bigot and Rome  2010  ) . The new network 
will complement such analyses with stations at high altitude, making it possible to 
incorporate the effects of complex terrain into regional-scale climate analyses, as 
well as providing detailed information to be linked with other social and ecological 
variables monitored at the study sites.   

  Fig. 20.2    Conceptual presentation of the Central French Alps LTSER research questions       

  Fig. 20.3    Recent climatic trends over the Vercors High Plateaux. Interannual variability of air 
temperature (at 850 hPa level; in °C) and water precipitation (in kg/m 2 ) calculated for the Vercors 
site on the 1948–2010 period (anomalies were calculated from NCAR-NCEP reanalysis; time-
series anomalies are smoothed using a moving average over 12 months)       
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    20.2.3.2   Plant Species Distributions and Plant Functional Traits 

 The understanding of the spatial distribution of plant species and their functional 
attributes in relation to environmental drivers requires a comprehensive distribution 
and plant functional trait database. The Alpine National Botanical Conservatory 
(CBNA) and the Alpine Ecology Laboratory (LECA) spent a considerable amount 
of time crosschecking and validating existing vegetation surveys from the original 
CBNA database, in order to keep only recent (>1980) and suf fi ciently precise (reso-
lution >200 m) survey plots. LECA maintains this subset of the CBNA database 
with a comprehensive taxonomy (and associated synonymy), knowledge of the 
local habitat of each survey plot and percentage of bare-soil. In the mean time, 
LECA has coordinated the development of the ANDROCASE plant functional trait 
database that aims to collect existing plant functional traits from various sources 
(open database, literature, own measurements) for the regional  fl ora of the entire 
French Alps (3,400 taxa). CBNA but also the Ecrins National Park have participated 
in developing and contributing to the database. ANDROSACE now contains about 
one million entries and some traits (e.g. maximum vegetation height, reproduction 
type, life form) or ecological indicators (Ellenberg values) have been collected for 
all known species in the region. The area covered by the Central French Alps LTSER 
Platform encompasses 1,457 plant species, present in a total of 4,717 georeferenced 
botanical surveys. For these species, trait values are known exhaustively for com-
mon traits such as plant height, phenological types, as well as their ecological pref-
erences (Ellenberg or Landoldt indices). Traits requiring more intensive data 
collection are for instance SLA which is known for 687 species, LNC for 207 spe-
cies, or seed mass for 999 species, using both data collected from Platform sites and 
sourced from external data bases.  

    20.2.3.3   Coupling Botanical and Agronomic Data on Alpine Grasslands 
to Investigate Land-Use and Climate Change Responses 

 Observed vegetation changes between two sampling periods may re fl ect responses 
to changes in land-use, but also to climate. The Research Unit Mountain Ecosystems 
(EMGR) started in the 1970s a systematic inventory of summer grazing pastures in 
the Vercors in order to characterise the vegetation and its trajectories. Relevés were 
repeated more or less regularly and have recently been compiled into the database 
FlorEM containing more than 5,000 geolocalized line transects and plot data with 
records of the abundance of each species. In addition, at each of the two sites of the 
Central French Alps LTSER 12 paired permanent plots, one grazed and one where 
grazing has been excluded for more than 20 years (Haut-Plateaux du Vercors) or 
30 years (Alpe d’Huez), have been monitored over the years. These plots may 
serve as a baseline under conditions where the vegetation follows its natural suc-
cessional trajectory only in fl uenced by current climatic conditions and past grazing 
patterns. 
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 However, as little expertise for assessing agro-economic aspects was available at 
RU EMGR, changes in land use were not always recorded. Recently, agronomists 
from the RU Development of Mountain Areas have repeated  fi eld investigations 
already conducted several years ago in order to assess changes in the management 
and use of summer pastures and of lowland pastures used by the same herds. These 
data are also stored in a spatially explicit database. 

 Further research will link these two currently independent databases in order to 
provide a ready overview of changes in the vegetation and, in areas where socioeco-
nomic data is available, information about changes in land use of the summer pas-
tures under study. In a further step, these two databases should be linked to the 
already existing climatic database in order to distinguish land use from climate sig-
nals in the observed vegetation dynamics.  

    20.2.3.4   Building a Meta-Data Base 

 In order to facilitate the comparison of data sets on different components of the 
human-environmental system, one of the  fi rst common actions in the LTSER 
Platform was the creation of a meta-database (MDB). The description of existing 
data within the meta-database provides a  fi rst approach to supporting and promot-
ing collective use of the data collected by different partners. In particular, the 
quality of old data we wished to analyse in a new context (global change) was 
quite heterogeneous, especially because methods have evolved and original data 
sets were collected in contexts that have changed. In the future, data collection 
will be planned and coordinated as much as possible by standardising measure-
ments, collectively establishing protocols, and sharing data management tools. 
The MDB also aims to rationalise the researchers’ activities through avoiding the 
duplication of work or the search of data from external sources, without knowing 
it has already been conducted by somebody else. For example, current efforts 
focus on inventorying and geo-localising botanical and agronomic data within a 
common GIS Platform, and on consolidating a database of remote sensing and 
aerial photographic images.   

    20.2.4   Integrated Approaches from Field Observations 
to Experiments and Modelling 

 One of the strengths of the French Central Alps LTSER Platform lies in the integration 
of the full range of approaches from  fi eld observations and monitoring to experi-
ments and modelling. The Platform includes monitoring of climate (see above), 
land use, vegetation and a range of ecosystem processes such as biomass production, 
soil water transfers and fertility over a set of permanent grasslands plots located 
across the three sites. This data baseline is complemented by spot surveys, e.g. 
vegetation and soil maps, over entire sites, which we aim to repeat on a 30-year 
basis. More intensive experimental  fi eld manipulations address the effects of 
speci fi c drivers such as grassland management (through the use of long-term 
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grazing exclosures – e.g. two experiments running for over 30 years), mesotopog-
raphy (comparisons of ridges and snowbeds), or climate change (climate warming 
and drought experiments) on vegetation composition and biogeochemistry (C and N 
cycles), as well as on agronomic characteristics such as digestibility or phenology 
of grass  fl owering. These manipulations are complemented by garden experiments, 
which aim to identify detailed ecophysiological, demographic or biochemical 
mechanisms and are made possible by the Lautaret Alpine Botanical Garden 
located at 2,100 m, which allows experiments under realistic mountain conditions. 
Finally long-term data analyses and process studies feed into modelling, including 
macroecological modelling, ecophysiological modelling and spatial modelling 
of ecosystem services (Baptist and Choler  2008 ; Albert et al.  2010 ; Lavorel 
et al.  2011  ) .   

    20.3   The LTSER Platform Itself Becomes a Research Object 

    20.3.1   Objectives and Research Questions 

 The establishment of the LTSER Platform has been accompanied by a re fl exive 
evaluation of the process whereby the LTSER Platform itself is seen as a research 
object. The LTSER Platform constitutes a very good case in which to study 
scienti fi c cooperation in practice, from a science and technology studies (STS) 
perspective, looking at “science in the making” rather than in “ready-made sci-
ence” (Latour  1987 ; Knorr-Cetina  1999  ) . Indeed, several types of scienti fi c 
cooperation are present: cooperation between research groups tackling closely 
related research questions in ecology but belonging to organisations focusing on 
‘fundamental’ (CNRS) or ‘applied’ (CEMAGREF) research; cooperation 
between various disciplines, within natural sciences but also between natural and 
social sciences; cooperation between scientists and nature managers; coopera-
tion among scientists themselves, with different research projects and individual 
aims. Beyond the claim that cooperation is good for science, we aim at under-
standing how, to what extent, and under which conditions it takes place, and at 
understanding its effects. We addressed speci fi cally the question of whether the 
LTSER Platform brings something new, in the context of an overall objective of 
our current work of analysing how the climate and biodiversity ‘crises’ transform 
ecological research.  

    20.3.2   Methods 

 We used a survey relying mainly on semi-structured interviews with the members of 
the LTSER Platform, during which the following topics were addressed: history and 
assigned objectives of the structure, biographical information on the interviewee, 
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creation of the Platform and personal involvement, ongoing activities with the 
Platform, expectations and dif fi culties encountered. A targeted survey focused on 
the relationships between the CBNA and CNRS scientists around the exchange of 
botanical data and the construction of the ANDROSACE data base (see above). We 
also drew on various other materials such as participating as observers during meet-
ings, analysis of communication and of documents in order to analyse the perspec-
tives of different partners and individual participants, the topics of debate, and 
meeting and interviewing participants’ about their expectations. For more details on 
the interviews, see Granjou and Mauz  (  2011  )  and Mauz and Granjou  (  2011  ) . Here 
we brie fl y summarise outcomes in terms of reported perceptions on how the LTSER 
Platform started, why it started and what it changes in the type of work and working 
relationships among scienti fi c partners, and with partner nature managers.  

    20.3.3   Key Lessons 

  How it started : The interviews revealed that a meeting was organized by the Ecrins 
national park as early as 2004, hence long before the project of creating a LTSER 
Platform was considered. This meeting gathered researchers from CNRS and 
CEMAGREF and staff of the park’s scienti fi c service, hence anticipating the asso-
ciation of different groups of actors (researchers, nature managers and some local 
stakeholders) in the Platform (Table  20.1 ). Citing a lack of cooperation between the 
research teams in ecology working on its grounds, the park was eager to promote 
exchanges and offered itself as a possible common research  fi eld. However, one of 
the labs had just been restructured and felt a need to consolidate its own research 
project before embarking on a broad cooperation with the other labs. It therefore 
took some time before building the Platform as a medium-term, cooperatively con-
structed process. Similarly, the Vercors reserve managers expressed the same need 
for scienti fi c work on its territory to be promoted and rationalised, which illustrates 
the importance of the nature managers’ initiative in this process. 

  Why it started : A majority of ecologists involved in the LTSER Platform seek to 
understand ecosystems’ responses to changes in climate and land use. They rely 
very much on long-term data and access to databases, unanimously described as 
dif fi cult and costly, which is thus undoubtedly one of the main aims of the Platform. 
For that matter, the construction of a meta-database has been one of the  fi rst activi-
ties carried out by the Platform (see Sect.  20.2.3 ). However, the partners’ relation-
ship to data is rather ambivalent: their need for data encourages them to focus on a 
few common research sites, preferably where long-term1 data are available, and to  

1 It is important to note that “long-term” does not mean the same for all participants. Ecologists 
working on plant adaptation to climate change and land-use changes may need data extending back 
to the nineteenth century, whereas a single decade may be considered as “long-term” by research-
ers studying phenomena developing over short spans of time.
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pool and share their data with their colleagues. On the other hand, they are sometimes 
reluctant to hand over data obtained through a long period of painstaking work, 
which, as Bowker states, is certainly not “raw” (Bowker  2000 , p. 670). The meta-
database illustrates this ambiguity: it records what kind of data is available without 
giving access to the data itself, and the conditions under which these can be exchanged, 
shared and used are negotiated between individuals. Nevertheless the construction 
of the relationship, e.g. between CBNA and CNRS, illustrates the process of 
mutual building of trust. It is hoped that this example will pave the way for facili-
tated data exchange and access between members of the LTSER. 

  What it changes : For natural scientists, the LTSER Platform seems to af fi rm exist-
ing relationships and data exchanges more than it creates new ones. The collabora-
tions were already active between at least some of the natural scientists, and between 
them and the nature managers. For example, young researchers from the two main 
labs have worked together since their PhD studies, and an agreement was signed by 
the LECA and CBNA in 2007, by which the lab has obtained access to the conserva-
tory’s exceptional  fl oristic database, under agreed conditions. According to many 
participants, collaborations were hence already well under way and the Platform 
construction does not appear to have been a revolutionary event. However, of fi cial 
labels, such as a “Zone Atelier”2 and a LTSER Platform, are said by some respon-
dents to be important in terms of visibility and recognition. This sign of recognition 
is particularly important for nature managers, who thereby obtain of fi cial acknowl-
edgement of their direct involvement in research projects. 

 The situation is different with social scientists, since there was very little previ-
ous collaboration: the Platform could theoretically play an important role for them. 
However, the recruitment of social scientists into projects has turned out to be prob-
lematic, despite the efforts of the Platform leaders and despite the existence of the 
aforementioned projects. Moreover, interdisciplinarity between social and natural 
sciences seems scarcely desired by many. Signi fi cantly, an ecologist describing this 
relationship used the term “forced marriage”: it is seen as imposed from the top 
rather than pushed from the ground up and researchers underline that this kind of 
interdisciplinarity is dif fi cult to achieve, demands very  fi rm disciplinary grounds 
and does not lead to easily publishable results. Some interviewees recollected 
unpleasant experiences, where they had submitted research projects with a clear 
interdisciplinary orientation that had been rejected (contrary to more monodisci-
plinary projects), although the calls had strongly encouraged interdisciplinary 
contributions. Interdisciplinarity was therefore regarded as a rather risky adventure 
upon which only well-established scholars could afford to embark.   

2 Zone Atelier sites make up the French LTER network, coordinated by CNRS’s Environment and 
Sustainable Development Institute. Currently there are ten sites, whose membership of the network 
and management are the responsibility of an international Scienti fi c Committee. The Zone Atelier 
network promotes long-term interdisciplinary research at sites representative of the main French river 
basins and of different type of natural and managed environments. See:   http://www.za.univ-nantes.fr    

http://www.za.univ-nantes.fr
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    20.4   Emerging Transdisciplinary Projects of the Central 
French Alps LTSER Platform 

 In spite of these initial teething pains, the process of collectively constructing inter- 
and trandisciplinarity through the LTSER Platform has been fruitful. New projects 
offer an added-value to the sets of already ongoing disciplinary projects, which 
they are expected to reinforce in the long term. The construction of the Platform 
has made it possible to retrieve “old” collaborative projects sometimes designed 
for other study areas, which will now use the LTSER Platform as a study area. 
Other projects have been created  ex nihilo  thanks to the existence of the Platform. 
In the following, we brie fl y describe three projects which have already been 
implemented. 

    20.4.1   Integrated Analyses of Ecosystem Services 

 Ecosystem services have recently developed as a concept that makes it possible to 
interface the ecological analysis of natural or managed systems and analyses of 
their uses and associated human dynamics (Turner et al.  2007  ) . Recent reviews 
and individual studies have highlighted the complexity of ecosystem services 
analyses in that they require the availability and coupling of a large variety of 
types of data including land-use/land-management data, abiotic data e.g. on 
topography and soils, biodiversity data and data on human uses and preferences 
(de Groot et al.  2010  ) . A LTSER Platform thus appears to be an ideal basis for 
detailed analyses of ecosystem service provision and its relationships to demand 
by stakeholders. 

 We quanti fi ed ecosystem services provided to farmers and other locals, as well 
as to tourists, by the south-facing grasslands of Villar d’Arène. The site’s land-use 
history since the eighteenth century has been documented and is referenced in a 
Geographic Information System (Girel et al.  2010  ) . Locally relevant ecosystem 
services were identi fi ed on the basis of interviews with local farmers on their needs 
from and uses of grasslands (Quétier et al.  2010  ) . Grassland functions identi fi ed by 
stakeholders were translated by researchers into measurable indicators (Quétier 
et al.  2007  ) . Vegetation, plant functional trait and environmental data, including 
soil parameters, have been collected since 2003 for 57 permanent plots strati fi ed by 
land-use type, landscape sector, and altitude. We measured biomass production, 
biomass Crude Protein Content (CPC) and digestibility, litter accumulation, 
 fl owering phenology (date of  fl owering onset and duration of  fl owering), and then 
calculated indices of plant species and functional diversity. This data allowed us to 
build statistical models for the supply by the grasslands of the range of services of 
interest to the stakeholders including agronomic value, pollination, soil carbon 
storage and cultural value from aesthetics and conservation of plant diversity (see 
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Lavorel et al.  (  2011  )  for details of the  fi eld measurements and models) (Fig.  20.4 ). 
These analyses also highlighted tradeoffs and synergies among these different eco-
system services. Traditional land uses such as organic fertilisation and mowing, or 
high altitude summer grazing, were linked with ecosystem services hot spots 
because functional characteristics supporting fodder production and quality are 
compatible with species and functional diversity. By building on state-of-the-art 
ecological knowledge, our analyses made it possible to relate patterns of associa-
tion among ecosystem services to the dominant plant traits underlying different 
ecosystem properties. For example, the functional decoupling between height and 
leaf traits provided alternative pathways for providing high agronomic value 
(through high biomass production and/or high quality and delayed  fl owering), as 
well as determining hot and cold spots of ecosystem services. Finally, we were able 
to compare this estimated supply of ecosystem services to the actual uses made by 
the farmers for grazing and hay making – i.e. to actual ecosystem service provi-
sion, showing that, depending on grassland location in the landscape with respect 
to the village and to altitude, and ultimately to actual use as part of the farming 
systems, different dimensions of modelled agronomic value such as biomass pro-
duction, quality or timing of  fl owering determined use value to the farmer 
(Lamarque et al.  2011  ) .  

 Similar analyses coupling historical land-use analysis, vegetation and plant trait 
data and estimates of the components of carbon cycling through ground-based 
measurements and remote sensing are in progress for the Vercors Plateau as part of 
a new funded project.  

  Fig. 20.4    Potential ecosystem service supply and actual provision of agronomic services to 
farmers of Villar d’Arène (Hautes Alpes). ( a ) Green biomass (tons/ha) ( b ) Potential agronomic 
value (unitless) calculated as a combination of different functions (green biomass, digestibility and 
phenology), and actual bene fi ts: ( c ) the number of days of livestock units/ha and ( d ) hay production 
(tons/ha). Roads and tracks are added on maps as they are important elements of analysis (Modi fi ed 
from Lamarque et al.  2011  )        
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    20.4.2   Adaptation of Mountain Livestock Farming Systems 
to Socioeconomic and Climate Change 

 The LTSER Platform Central French Alps began with the asset of a large amount of 
pre-existing data from ecological monitoring, in particular for summer pastures 
which host  fl ocks managed by transhumance every summer. Several studies on 
management practices have afforded us a good knowledge of the functioning and of 
the organisation of mountain summer pasture management, but little is known about 
the role and value of these summer pastures as part of farm system management. 
However, the socioeconomic environment has undergone and is still undergoing 
signi fi cant changes (Europe’s new Common Agricultural Policy, volatility of prices 
for agricultural raw materials, land access dif fi culties, urbanisation, etc.), as well as 
farm organization (increasing labour costs, less manpower due to competition or 
complementarity with other activities within the household). In this context, one can 
hypothesise that farming systems will change radically, which in turn could have 
important consequences for the management of mountain summer pastures with 
resulting substantial changes in their biodiversity and the ecosystem services they 
provide (see below). At the same time, climate change and the associated dynamics 
of natural habitats may also induce changes in farm management. 

 This study involves several areas of expertise represented by different specialists 
within the LTSER Platform. Agroeconomists study the role of the mountain sum-
mer pastures as part of farm systems, and on socioeconomic changes within recent 
years and their impacts on entire farm systems, whether located within the moun-
tains or in the foothills. The potential for adaptation to drought of the Vercors and 
Villar d’Arène farms has been explored through semi-directed interviews, showing 
a diversity of possible responses depending on, among other factors, type of live-
stock production (sheep, suckler or dairy cattle), dependency on hay stocks, diver-
sity of available grassland types, and potential to access new areas for grazing or 
hay making (Nettier et al.  2011  ) . 

 Long-term ecological observations on plants and animals by ecologists and natu-
ral area managers make it possible to record changes in the fauna and  fl ora and to 
relate these to past climate data monitored by climatologists. Experimental climate 
manipulations have also been set up in order to analyse the effects of extreme 
drought expected from climate scenarios on plant diversity, components of agronomic 
value and soil functioning. For instance,  fi rst results indicate a strong resistance 
of the studied subalpine grasslands on the Vercors Plateaux and at Lautaret to an 
extreme drought event, but the consequences of longer and/or even more intense 
events are unknown yet. 

 Scenarios of future farm system organisation and resulting changes in grassland 
management are developed together with agronomists, sociologists and stakeholders. 
Their impacts on social, economic and ecological components of the human-
environment system will be assessed through participative approaches and model-
ling, (see Gaube and Haberl, Chap.   3     in this volume) in particular using ecosystem 
service models as presented above in the case of Villar d’Arène.  

http://dx.doi.org/10.1007/978-94-007-1177-8_3


50120 Fostering Research into Coupled Long-Term Dynamics of Climate…

    20.4.3   Mutations of Alpine Tourism in the Face 
of Climate Change 

 Tourism is a major economic and social component in the territory of the Central 
French Alps LTSER Platform. Tourism activities have strong direct and indirect 
impacts on ecosystems, on which they also depend, especially in the case of winter 
sports. A new project therefore focuses on the coupled dynamics of tourism and eco-
systems in the context of climate change. Alpine tourism is facing a severe structural 
crisis and its future is full of uncertainties. Climate change is one of them, and is often 
an accelerator of other crises (Elsasser and Bürki  2002  ) . For many observers, the 
 current tourism system established during the second half of the twentieth century, 
which is mainly concentrated on skiing, is largely exhausted and condemned to under-
going drastic changes. In this context, research questions regard two complementary 
levels and at the same time highlight current representations of alpine tourism and 
possible new actions for this sector: (i) What are the themes and indicators by which 
climate change is recognised by different stakeholders (visitors, actors from the tour-
ism industry, members of the wildlife or administrative sectors)? (ii) What are the 
current observable impacts of climate change on recreation and professional tourism 
uses that are involved in outdoor activities? and (iii) To what extent and in what ways 
do actors from the tourism industry adapt their practices to ongoing and foreseeable 
changes due to rising concerns about climate change and biodiversity loss? Addressing 
such questions requires the strengthening of social sciences within the LTSER 
Platform and promotion of interdisciplinarity. 

 A survey questionnaire among individual participants of the LTSER Platform in 
order to identify ongoing and planned interdisciplinary projects on the interactions 
between ecosystems and tourism in the context of climate change highlighted the 
rarity of research on this question in spite of a broad recognition of its importance for 
the future of the study area. This survey also made it possible to build a better under-
standing within the Platform of ongoing projects on related topics and of their 
approaches and methods, and to identify research questions potentially conducive to 
collaboration between scientists from different disciplines. Based on this understand-
ing, we called for internal proposals and two new projects are now due to start. 

 The  fi rst project focuses on the consideration of natural ecosystems around ski 
resorts, with a study of wetlands in Val Thorens (Savoie). Novel wetland manage-
ment methods are being experimented with in order to preserve these ecosystems 
and, simultaneously, to use their potential to support tourism, both through their 
cultural value and as critically linked to snowmaking through competition for water 
supply. A survey will be carried out to analyse different approaches, their imple-
mentation and their ecological, economic and social impacts, as well as the role of 
different involved parties, including that of scientists specialising in wetland ecol-
ogy. This research will involve one ecologist, one economist and one sociologist. 

 The second project analyses current and future linkages between tourism and 
natural ecosystems as seen by specialists of each of these sectors, using the Vercors 
Regional Natural Park as a case study. Semi-open interviews will be conducted 
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with members of the tourism industry, ecologists and environmental advocates. 
This work will involve a geographer and a sociologist specialised in tourism and 
with a background in ecology.   

    20.5   Conclusion 

 Although the construction of a LTSER Platform requires much patience, only a 
short time after the creation of the Central French Alps LTSER Platform, individual 
participants and partner institutions conclude that it has provided an important 
framework to formalise already ongoing collaborations between different disciplines. 
Moreover, already within the  fi rst years of the Platform’s existence, a process of 
de-compartmentalisation has started and had led to the initiation of several com-
mon projects in which social sciences are truly incorporated into the design of 
research agendas. In particular climate change has appeared as a common issue 
fostering transdisciplinary collaboration. Nevertheless, as in many similar long-
term ecological Sites (Ohl et al.  2007  ) , ecologists are still the most numerous 
group in our LTSER Platform. Incorporating a social sciences dimension into 
ecological research will ensure consistency of knowledge and the collection of 
data re fl ecting the complexity and changing nature of the coupled natural-human 
environment system, in order to enhance our ability to project global change 
impacts. The focus on ecosystem services and nature’s values to land users is 
particularly promising in terms of enhancing integration. Research results will 
open new perspectives for management as well as for territorial development 
and policies.      
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  Abstract   Mountain habitats have been classi fi ed as particularly sensitive to changes 
in land use and climate, which are occurring at increasingly high rates. The Tyrolean 
Alps host a strong tradition of research on a range of ecological processes in moun-
tain environments, and how they are affected by changing environmental condi-
tions. Research topics, partly studied over several decades, include responses of 
organisms and of biogeochemical processes to extreme life conditions and to global 
changes in both terrestrial and aquatic ecosystems. Research sites in the Tyrolean 
Alps span a vast range in altitude (1,000–3,450 m) and climate. For two valleys/
valley sections, socio-economic changes have been documented and past, current 
and possible future landscape changes have been assessed, evaluating also effects 
on ecosystem services. The recent research history at the Tyrolean Alps LTSER 
Platform has shown that a monitoring of the biogeochemistry of target ecosystems 
combined with an experimental unravelling of global change effects on processes, 
and the consideration of socioeconomic developments together constitute a fruitful 
way forward, increasing the value of LTSER sites also for international projects 
and networks.  
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    21.1   Introduction 

 Mountains cover almost a  fi fth of the global land mass. Twenty percent of the 
world’s population live in mountain regions and half of humanity depends on 
resources (esp. water) from mountain regions. Mountain habitats have an intricate 
structure and feature extreme living conditions that are the cause of high biodiver-
sity. For these reasons, however, mountain ecosystems recover only slowly if dis-
turbed. Thus, mountain habitats must be classi fi ed as particularly sensitive to change 
(e.g. EEA  2004 ; Becker et al.  2007  ) . Today there is an increasing awareness that 
highlands and lowlands are strongly connected: mountains not only in fl uence the 
lowlands by down-slope physical processes but there are increasing human relation-
ships linking the two (Ives et al.  1997  ) . Hence changes in mountain communities 
can exert enormous impacts not only on the adjacent but also on far distant 
lowlands. 

 In recent decades, the dynamics of global change have increased dramatically. 
CO 

2
  concentrations in the atmosphere and their rates of increase are higher than 

ever before within the last two million years, a global rise in temperature is no lon-
ger in dispute and there is an increase in climate extremes and related droughts and 
intense precipitation events (IPCC  2007  ) . In addition, a rapid change in economic 
and social systems has led to changes in land use on a large scale. As a result, eco-
systems and landscapes and their socially relevant services have irrevocably changed 
and continue to change, all the way down to the regional level (Millennium 
Ecosystem Assessment  2005  ) . The impacts of such global changes differ by region 
and season, but mountain regions are among the areas most affected (Schröter et al. 
 2005 ; Beniston  2006  ) . In the Alps, temperature change during the last 100 years 
was 1.4 °C, i.e. twice as high as the global average (0.7 °C, cf. Beniston  2006 ; Auer 
et al.  2007  ) . Due to socioeconomic and socio-cultural changes in the last 20 years, 
40% of farms in the Alps have been abandoned (Streifeneder et al.  2007  ) . Today, on 
average 20%, and in some regions up to 70%, of formerly agricultural land in 
the Alps has been taken out of production (Tappeiner et al.  2006 ; Zimmermann 
et al.  2010  ) . 

 The Central Alps in Tyrol are exceptionally well suited for ecological long-term 
research that can yield important insights into climate, economic, demographic and 
social change as well as globalisation effects. The area offers unique ecological 
features in terms of geology, relief energy, morphodynamics, climate region, cli-
mate gradients, hydrology, cryosphere, limnology, soils, vegetation gradients and 
glacier foreland as well as a case in point for the severe impacts of direct socioeco-
nomic activities, such as winter and summer tourism, hydropower generation, agri-
culture and changes in land use, transport, settlement, etc. The insights gained are 
an indispensible prerequisite for initiating and implementing adaptation strategies 
and concrete measures, not just for the study area but also for similarly structured 
mountain ecosystems elsewhere. 

 The objective of this chapter is to present the Tyrolean Alps LTSER Platform 
with respect to its regional speci fi cations, the research undertaken so far, and – to a 
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certain degree – the challenges for future research. Long-term ecological research 
has a long tradition in this region, whereas socio-ecological and socioeconomic 
studies have been much less undertaken. In the following paragraphs we demon-
strate that the Tyrolean Alps are a unique setting for LTSER research. On this basis, 
the research in these regions will be discussed, taking into account the long-term 
research tradition as well as perspectives for the future.  

    21.2   The Tyrolean Alps – A Unique Setting 
for LTSER Research 

 Although Austrians are highly engaged in the international LTER and LTSER com-
munities, it must be stated that – caused by a lack of funding by the Austrian gov-
ernment for the programme – research on long-term ecological and socio-ecological 
topics has been more or less concentrated upon some individual sites and is dependent 
on occasional funding by other programmes. This is why Austria has so far only 
managed to install one of fi cial LTSER platform (Eisenwurzen), whereas research in 
the Tyrolean Alps has not yet been formally linked to either the LTER or the LTSER 
programme (Mirtl et al.  2010  ) . However, in 2010 the Austrian government decided 
to provide funds for the formal implementation of the LTSER programme. The 
national LTSER consortium decided to install a second platform (after Eisenwurzen), 
called Tyrolean Alps. Given the relatively small funding basis, the challenges are to 
implement the platform with an appropriate management, to form interdisciplinary 
research teams, to de fi ne the concrete research area and to install transdisciplinary 
processes between scientists, stakeholders and the local population. 

 There is already a good basis for addressing these challenges, as ecological – and 
to a certain degree even socio-ecological research has been carried out in the 
Tyrolean Alps over many decades (see Sect.  21.3.1 ). Databases exist on climate, 
glacier balances, permafrost, hydrology, biodiversity, greenhouse gas  fl uxes, his-
torical land-use changes, tourism, demography, agro-economy and a wealth of com-
prehensive but singular studies in the region. Furthermore, the excellent contacts to 
stakeholders in the Tyrolean Alps and the existing network of researchers, formally 
cooperating in the research focus “Alpine Space – Man and Environment” of the 
University of Innsbruck form excellent preconditions for the implementation of the 
new LTSER platform. 

    21.2.1   Geography and Geology 

 The Tyrolean Alps LTSER Platform extends southwards to the border of the federal 
province of Tyrol and its northern and western boundaries are formed by the valley 
of the river Inn and the municipal borders around Mt. Patscherkofel (Fig.  21.1 ). The 
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total area is 3.7 million hectares, with a 3,200 m altitudinal span from 550 m in the 
Inn valley at Innsbruck to 3,750 m at the Wildspitze summit. In this area, dominated 
by high mountains and their sensitive ecosystems, eight LTER sites (some of them 
composed of several ecosystems) are embedded, including two lakes, six grasslands 
at different altitudes, a treeline site, a glacier foreland, and several glaciers (Fig.  21.1 , 
Table  21.1 ). These sites span a vast range in altitude (1,000–3,450 m) and climate, 
mean annual temperature and precipitation of the terrestrial sites covering a range 
of 5.5 °C and 900 mm, respectively, and for the similarly structured grassland eco-
systems of 3.6 °C and 570 mm, respectively.   

 The Tyrolean Alps are essentially part of the Eastern Central Alps with their 
crystalline basement rocks, which do include remnants of sedimentary rock nappes 
(so-called “Kalkkögel”, near Innsbruck, of dolomite and limestone). Their great petro-
variance includes anatexic granites, metamorphous rock such as gneiss, schist, phyllitic 
schist, quartz phyllite, marble, amphibolite, eclogite, as well as sedimentary rocks 
such as limestone and dolomite. In tectonic terms, the Ötztal Mass dominates the area, 
onto which remnants of the Err-Bernina nappe have slid. Near Mt. Patscherkofel, 
the Innsbruck quartz phyllite stratum has become exposed. 

 In the course of three relief generations, the great relief energy has created strik-
ing and highly diverse surface features. The highest level shows the fairly even, 
extensive forms of the Tertiary, generated in a wet-dry tropical climate. Below the 
summits,  fl attened areas can still be detected, many of which became cirques during 
the Pleistocene. Such areas are most prominent in the less metamorphous rocks 
south of the Inn valley, which experienced drastic reshaping during the ice ages. The 
crests were sharpened, glacial horns and cirques formed as a result of intensive 
physical weathering and of the excoriating force of the glaciers. These glacial 

  Fig. 21.1    LTER Sites in the Tyrolean Alps LTSER Platform.  Numbers  refer to Table  21.1        
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processes also gave the valleys their typical deep U-shape, often with distinct steps 
in the longitudinal pro fi le. In the Inn valley, the ice layer was up to 1,900 m thick. 
The main glaciers in the valleys of Inn and Adige were linked by an almost com-
plete network of ice  fl ows, with only the highest summits jutting out as nunataks. 
Towards the end of the Pleistocene, when the glaciers retreated, ice lakes formed at 
the edge of the ice mass, while cirques and other hollow forms  fi lled with water. 

 During the Holocene, large rockslides occurred on the slopes of the mountains 
once the pressure of the ice had gone. To this day, the Ötz valley is a prime example 
of such mass dynamics. In morphodynamic terms, the appearance of the landscape 
is characterised today by  fl uvial erosion at the valley  fl oor, especially at the mouths 
of the hanging valleys, as well as by sediment deposition in the Inn valley and the 
emergence of terraces and alluvial fans. At higher levels, denudation still domi-
nates. The snow line today ranges from 2,200 to 2,700 m, depending on exposition. 
Thus summits of the Ötz valley and Stubai Alps that jut out beyond this are still 
covered by glaciers. Below today’s ice areas, we often  fi nd permafrost, which has 
created impressive rock glaciers.  

    21.2.2   Climate, Soils and Vegetation 

 At high altitudes, up to 1,600 mm annual precipitation feeds the glaciers. At lower 
altitudes, precipitation is only half of this amount. The south foehn in North Tyrol 
brings warm, sunny but also blustery days, especially in transition seasons. The high 
climate variability in the Tyrolean Alps (Fig.  21.2 ) is also re fl ected by the range of 
LTER sites (Table  21.1 ).  

 Cambisols and, at higher altitudes, also Leptosols are characteristic for the pedo-
logical milieu of the area. On steep slopes in particular, there is always the threat of 
landslides and soil erosion. In some places, such processes have resulted in striking 
earth pyramids, e.g. at the Ritten and in the Wipp valley. 

 The altitudinal span of 3,200 m within the Tyrolean Alps not only affects relief, 
climate and soils but expresses itself in a variety of vegetation forms. Even the 
untrained eye will notice their change over the altitudinal range. Parts of the 
Vinschgau are still in the colline belt. Grapes and sweet chestnuts are typically cul-
tivated at this level. The lower levels of the large valleys belong to the montane belt. 
In virgin condition, this would be deciduous forest (oak, beech, maple). However, 
this forest has largely been cleared, the valleys are dominated by arable farming and 
the steep slopes by spruce plantations (Fig.  21.2b ). 

 At around 1,000 m, the subalpine belt starts with relatively homogenous spruce 
forests, interspersed with lighter larch stands. These are not natural in origin but 
rather the result of a former use as woodland pasture, maintained today for its scenic 
appeal. At the boundary to the alpine belt, loose stands of arolla pine dominate. The 
mugo pine forests typical for the Limestone Alps are scarce in the crystalline milieu. 
The forest has an important protective function for the lower areas, but landslides 
and avalanche chutes have rent this cover in many places. 



51121 Long-Term Socio-ecological Research in Mountain Regions…

 Intensive morphodynamics are also found in the alpine belt. Above the treeline 
at around 1,700–2,000 m, there are extensive grasslands (Fig.  21.2 ), interspersed 
with mugo pine and raised bogs. Some meadows disappear under rock fall and 
become more typical of the subnival belt. In the highest, nival, belt, glaciation per-
mits hardly any vegetation. Ice-free patches show at most rudimentary vegetation in 
the form of lichen and mosses.  

    21.2.3   Land Use and Economic Sectors 

 In their traditional land use, humans adapted well to the various altitudinal belts 
(Fig.  21.2f ). The High Alps are situated at the upper limit of the arable area, the 
highest permanent settlements are the Rofenhöfe farms at ca. 2,200 m. Agricultural 
land use features into distinct zones along altitudinal gradients. In North Tyrol, the 
valley  fl oors today are mainly used to grow fodder but – showing early effects of 
climate change – special cultures such as fruit and recently even wine growing are 
expanding, as is intensive market gardening in the Inn valley. 

 In North Tyrol, the base farmsteads of the alpine  Staffelwirtschaft  (multi-level 
pasture system) are situated in the valleys, and in South Tyrol at middle elevations. 
In May, livestock is driven on to higher pastures and in June further on to the high 
mountain pastures. In September, with stops at intermittent stages, it returns to the 
base. In former times, cheese was produced on many high mountain pastures. Today, 
as a result of EU agricultural policy, these are increasingly stocked with heifers or 
yearlings. 

  Fig. 21.2    Climate, land cover and indicators of development in the Tyrolean Alps LTSER Platform 
(For details see Tappeiner et al.  2008b  )        
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 Agriculture thus presents trends towards both intensi fi cation and extensi fi cation. 
In North Tyrol, the number of full-time farms is falling while the farmed acreage is 
growing. Many farmers are looking for an additional off-farm income, mainly in 
tourism. 

 Tourism is the dominant economic factor today. It started in the nineteenth cen-
tury, mainly in the spa of Merano, but not until after the First World War did it reach 
a suf fi cient level to overcome the region’s former extreme poverty, which had forced 
people to rent out their children as labour into southern Germany. Initially, tourism 
took the form of summer holidays and mountaineering (Alpine Association huts). 
Today it is dominated by winter sports, with the season extended considerably by 
means of arti fi cial snowmaking and skiing on glaciers. Recently, extreme and fash-
ionable sports have been added, such as paragliding, rock climbing, mountain 
biking and rafting. 

 Industrialisation started late in the Tyrolean Alps and is today exposed to severe 
global competition. Despite the very good accessibility of the valleys (Fig.  21.2c ), 
passes and winter sports resorts, the industrial sites suffer from high transport costs. 
Altogether, traf fi c has become a major burden for humans and the environment. The 
route across the Brenner Pass is by far the most heavily frequented connection 
between the Northern and the Southern Alps. 

 The highly developed transport infrastructure and the resulting increased mobil-
ity have, especially in North Tyrol, resulted in a concentration of retail and service 
units at the mouths of the valleys. Within the Tyrolean Alps area, however, there has 
not been signi fi cant abandonment of higher elevations or marginalisation of tribu-
tary valleys through depopulation and overageing to date. On the contrary, the 
Tyrolean Alps score highly in demographic terms, with almost 30% of people aged 
under 15 years (Fig.  21.2e ). This is both due to economically very active rural areas 
and a very strong tourism economy in this area (Fig.  21.2d ). In its wake, there has 
been an immigration of extra-alpine people, some as workers, some as amenity 
migrants, who have found a new home in the High Alps and need to be integrated. 
However the area shows a distinct trend towards looser/dispersed settlement. 
Suburbanisation and post-suburbanisation trends are occurring, with central func-
tions increasingly moving into formerly rural areas and triggering new transport 
relations (Borsdorf  2004  ) . They also siphon off purchasing power from South Tyrol. 
North Tyrolean shopping malls and department stores  fi ll with Italian customers not 
only on Italian bank holidays but all year round. Italians tend to have more mobile 
homes than Austrians and are particularly keen on city breaks. This puts severe 
pressure on parking spaces and North Tyrolean towns within the study area, particu-
larly Innsbruck, are required to  fi nd solutions. 

 All these elements are interrelated and changes in one element have effects on 
the others. This is why Wöhlke  (  1969  )  understood the system as a function, consti-
tuted by different parameters (Fig.  21.3 ). The challenge for long-term socio-ecological 
research (LTSER) lies in identifying precisely both the interactions between the 
socioeconomic systems and ecosystems and the impact this has on the natural 
environment and on society, due to direct local activities but also exogenous global 
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change. At the same time, the challenge also involves using these  fi ndings to create 
adaptation strategies for ecologically sound, sustainable regional development.    

    21.3   Research in the Tyrolean Alps LTSER Platform 

    21.3.1   Past and Ongoing Long-Term Ecological Research 

 A characteristic feature of high mountains is their vertical zonation into altitudinal 
belts with distinct climates and life zones. This sequence of belts and their differ-
ences and interactions along elevation gradients contribute to the high environmen-
tal and biological diversity of mountain areas. Furthermore, topographic effects 
such as the in fl uence of exposure on microclimate, the slope-speci fi c intake of 
radiation and its in fl uence on the energy balance or the effects of relief on snow 

  Fig. 21.3    Environmental and socioeconomic factors affecting ecosystems in the Tyrolean Alps       
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distribution create intricate small-scale patterns of living conditions in mountains. 
All this makes mountain regions like the Alps an ideal open-air laboratory. It is 
therefore hardly surprising that generations of biologists and climatologists from 
the University of Innsbruck, located as it is in the heart of the Alps, have been fas-
cinated by the natural test areas in their vicinity. In 1971, Artur Pisek wrote, “Hardly 
any botanical institute in the world at that time had such favourable conditions gra-
tia loci to study how plants and plant societies cope with the circumstance of their 
location”. The Tyrolean Alps LTSER Platform thus has its roots in more than a 
century of research into mountain ecology at the University of Innsbruck. As early 
as the late nineteenth century, Anton Kerner taught at the University of Innsbruck, 
as a classic scholar of plant geography and alpine botany (Gärtner  2004  )  as well as 
a pioneer of chemical ecology (Hartmann  2008  ) . He studied the impact of geologi-
cal, climatic and biotic factors on plant distribution and survival. In addition, he 
carried out early experimental analyses with transplants from low altitude to high 
altitude in Tyrol. Kerner cultivated over 300 perennial and annual taxa from homog-
enous seed origin in parallel in his trial gardens in Vienna (180 m a.s.l), Innsbruck 
(569 m a.s.l), in the Gschnitz valley (1,215 m a.s.l) and on Mt. Blaser (2,195 m 
a.s.l). He noticed that with increasing altitude, the plants become stockier, with 
fewer  fl owers in deeper colours. Contrary to his hypothesis, however, he had to 
concede after a 6-year trial that such adaptation characteristics to the conditions of 
the alpine zone were not hereditary. With this  fi nding, Anton Kerner was one of the 
 fi rst to document non-hereditary changes in organisms that are caused by the envi-
ronment, making him a trailblazer for the concept of genotype and phenotype that 
later entered common usage (Ehrendorfer  2004  ) . 

 In the early 1930s, Arthur Pisek and Engelbert Cartellieri began to study various 
functional plant groups and plant societies on the mountains around Innsbruck and 
were the  fi rst to systematically combine  fi eld studies with controlled environmental 
studies (Pisek  1971 ; Körner  2003  ) . In the mid-twentieth century, they became the 
founders of a modern comparative and experimental ecology of alpine plants. 

 In the 1960s, and building on this long tradition at Innsbruck in experimental 
plant ecology, Walter Larcher introduced the ecosystem approach. He initiated and 
directed a broad mountain ecology research programme at the treeline on Mt. 
Patscherkofel near Innsbruck and in the nival zone in the Tyrolean Central Alps in 
the valleys between Stubai valley and Ötz valley (Larcher  1977a,   b ; Moser et al. 
 1977  ) . This constituted a major  fi rst step towards today’s Tyrolean Alps LTSER 
Platform. These investigations were part of the Ecosystem Analysis Studies of the 
Tundra Biome Programme of the International Biological Programme (IBP), the 
 fi rst global attempt to coordinate large-scale ecological and environmental studies, 
focusing on the productivity of biological resources, human adaptability to environ-
mental change and environmental change itself. The Innsbruck studies aimed to 
capture as fully as possible the biogeochemical cycles of the dwarf shrub heath of 
the alpine zone and of vascular plants in the nival zone in their dependence on envi-
ronmental circumstances. Findings from this  fi rst comprehensive ecosystem analysis 
in mountain areas are still being used in major textbooks today (e.g. Körner  2003 ; 
Larcher  2003  ) . From the mid-1960s, extensive alpine research remained focused on 
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Mt. Patscherkofel. Logistic and scienti fi c support has been provided by the Mountain 
Research Station of the Botanical Institute at the University of Innsbruck as well as 
by the Alpine Timberline Research Station Patscherkofel (Klimahaus) of the 
Research and Training Centre for Forests, Natural Hazards and Landscape (BFW). 
Long-term ecological research at the Patscherkofel Station includes climate 
monitoring at the treeline and a study of the impact of climate change on growth, 
stability and biogeochemical cycles within the treeline ecotone (Wieser and Tausz 
 2007 ; Oberhuber et al.  2008  ) , studies on eco- and stress-physiology of alpine plant 
species, their resistance to climatic extremes like frost, heat and drought and their 
mechanisms of avoidance, tolerance and recovery (e.g. Taschler et al.  2004 ; Neuner 
and Pramsohler  2006  ) , as well as reproduction-biology studies of high mountain 
plants (e.g. Escaravage and Wagner  2004  ) . 

 The Ötz valley, with several sites, also developed into a key research area within 
the Tyrolean Alps LTSER Platform. Ecological studies started with the Nebelkogel 
IBP project. In addition, the University of Innsbruck runs two long-term climate 
stations, one in Vent, started in 1935, and the station in Obergurgl, in operation since 
1951. The Ötztal Alps are also a key research area for studying glaciers, an impor-
tant aspect of the current climate debate. Two sites are used for mass balance mea-
surements, investigations on the Hintereisferner glacier have been going on for 
more than 100 years, whereas the Kesselwandferner glacier has been studied since 
1952/1953 (Fischer and Markl  2009 ; Fischer  2010  ) . The time series of mass balance 
at Hintereisferner is one of the longest worldwide and thus crucial for developing 
glacier-climate models. These allow the interpretation of glaciers as indicators of 
climate change as well as an estimation of the contribution of glacier melt to present 
and future rises in sea level. Moreover, because of the excellent data available, the 
Hintereisferner often serves as a test glacier for new remote sensing or ground-
based methods. At the Kesselwandferner, in addition to mass balance measure-
ments, a stake network has been maintained since 1962, which allows the local 
investigation of velocity vectors in three dimensions. With a time series of more 
than 40 years, this is unique in Austria. 

 An important LTER site is Mt. Schrankogel (3,497 m a.s.l.), which is integrated 
in GLORIA, the worldwide long-term observation network in alpine environments 
(  http://www.gloria.ac.at    ; Grabherr et al.  2010  ) . Around 1,000 permanent plots, 
established in 1994, are distributed at altitudes between 2,900 m and 3,450 m a.s.l. 
near the summit area, spanning the alpine-nival ecotone from the upper margin of 
closed alpine grassland to the nival zone (Pauli et al.  2007  ) . These permanent plots 
were set up in response to evidence of upward shifts of alpine plants on high peaks 
in the Alps. Other research themes on Mt. Schrankogel were the in fl uence of domes-
tic and wild ungulates (Huelber et al.  2005  ) , nitrogen gradients, permafrost patterns, 
 fl owering phenology and photoperiodism of alpine and nival vascular plants (Keller 
and Körner  2003 ; Huelber et al.  2006  ) . One of the most important additional data-
sets at the Schrankogel Site are temperature time series, measured at around 40 
positions distributed over the mountain’s southern slope system since 1997. 

 Further to the terrestrial sites, the Tyrolean Alps also include two limnological 
LTER sites. Lake Piburger See in the Ötz valley at 913 m a.s.l. is protected since 

http://www.gloria.ac.at
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1929 and part of a Nature Reserve since 1983. During the 1960s, Piburger See suf-
fered from eutrophication due to increasing recreational activities and application of 
fertiliser on nearby  fi elds. In 1970, lake restoration started with exporting anoxic 
and nutrient-rich hypolimnetic waters by means of a deep-water siphoning tube 
(Olszewski tube) and reducing external nutrient loading (fertilisers on nearby  fi elds, 
domestic sewage from a public beach). The restoration of Piburger See has been 
accompanied by a monitoring programme covering hydrology, water chemistry, 
sediment, phytoplankton, zooplankton, zoobenthos,  fi sh ecology and microbial 
food webs. 

 For more than 30 years, the University of Innsbruck has also been studying Lake 
Gossenköllesee, situated above the treeline in the Stubai Alps at 2,413 m. The sta-
tion was established by Roland Pechlaner, who moved it there from the Finstertal 
Lakes, where the  fi rst limnological station monitoring high elevation lakes had been 
installed by Steinböck in 1956. The lake is part of a UNESCO biosphere reserve 
established in 1976. The lake and its surroundings were the central study objects in 
a series of EU projects focused on atmospheric deposition and global warming 
issues. The intricate relationship between climate and water acidi fi cation was also 
detected in Tyrolean high altitude lakes (Psenner and Schmidt  1992 ; Sommaruga-
Wögrath et al.  1997  )  as well as the mechanisms permitting plankton to cope with 
extreme UV radiation levels in lakes above the timberline (Sommaruga and Augustin 
 2006 ; Rose et al.  2009  ) . Gossenköllesee is not only the highest lake with a fully 
equipped clean research laboratory in the Alps, it is also unique in harbouring a 
population of pure Danubian brown trout stocked in the sixteenth century (Kamenik 
et al.  2000  ) . 

 Another landmark in the development of the Tyrolean Alps LTSER Platform 
came about in 1992, when Alexander Cernusca established an altitudinal transect of 
LTER grassland sites in the Stubai valley, near the village of Neustift, as part of the 
EU-FP3 project Integralp. They include a meadow on the valley  fl oor at 970 m a.s.l. 
as well as three grasslands of differing land use (meadow, pasture, abandoned area) 
at the Kaserstattalm (1,820–1,970 m a.s.l.). A range of EU research projects 
(Integralp, Cernusca et al.  1992 ; Ecomont, Cernusca et al.  1999 ; Carbomont, 
Cernusca et al.  2008 ; and the ongoing projects Vital, Carbo-Extreme and GHG 
Europe), as well as numerous further international and national projects have con-
tributed studies on ecosystem processes. These have addressed issues of productiv-
ity, C sequestration and greenhouse gas  fl uxes with a focus on CO 

2
 , and more 

recently also methane, N 
2
 O and VOC, but also nitrogen cycling, the water balance 

and potential risks such as erosion and snow gliding (e.g. Tasser et al.  2003 ; 
Wohlfahrt et al.  2005,   2008 ; Bahn et al.  2008 ; Wieser et al.  2008 ; Tenhunen et al. 
 2009 ; Bamberger et al.  2010 ; Leitinger et al.  2010 ; Schmitt et al.  2010  ) . 
Documentation of management history and vegetation dynamics of the whole Stubai 
valley is available all the way back to 1865, together with detailed information on 
the current socioeconomic situation and future land-use scenarios. Since 2001, the 
net exchanges of CO 

2
  and water vapour between the meadow on the valley  fl oor and 

the atmosphere have been monitored at a high temporal resolution and contribute to 
the international Fluxnet database (e.g. Wohlfahrt et al.  2008 ; Groenendijk et al. 
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 2011  ) . On some grasslands in the Stubai valley, experiments have been carried out 
to underpin mechanisms determining the functioning of mountain grassland and to 
assess the impact of global changes (climate, land use) on ecological processes (e.g. 
Bahn et al.  2006,   2009  ) . In consideration of the LTSER concept, the human dimen-
sion has been largely included in the Stubai valley research programme (see 
Sect.  21.4 ).  

    21.3.2   Global Change Effects on Semi-natural 
and Natural Ecosystems 

 Land-use and climate changes have been affecting the natural environment in the 
Tyrolean Alps in multiple ways. Land use has shaped landscape patterns over cen-
turies, creating one of the most conspicuous human-shaped features of the Alps: 
species-rich semi-natural grasslands in the subalpine vegetation belt that have been 
used for hay-making and as pastures. Over the past decades, for socioeconomic 
reasons, increasing numbers of grasslands have been abandoned, often resulting in 
a regrowth of forests, which reduces biodiversity locally, both on the levels of spe-
cies and landscape (Tasser and Tappeiner  2002  ) . Such a reforestation of former 
open larch-meadows (where lightly interspersed larch trees were used as timber) 
has been well documented including in the area surrounding the LTER site in the 
Stubai valley (Tappeiner et al.  2008a  ) . On the other hand, intensi fi cation of land 
management has been likewise shown to reduce species richness in subalpine grass-
land (Niedrist et al.  2009  ) . 

 At higher altitudes, in the alpine and subnival zone, climate change has been 
shown to affect biodiversity by favouring an upward migration of plants typical for 
comparatively lower vegetation belts (Grabherr et al.  1994  ) , as e.g. documented for 
the Mt. Schrankogel LTER Site (Pauli et al.  2007  )  and at Mt. Glungezer, a neigh-
bouring peak of the Mt. Patscherkofel LTER Site (Bahn and Körner  2003  ) . While 
such an upward migration of species may potentially increase species richness, it 
may also lead to the loss of species adapted speci fi cally to subnival and nival envi-
ronments by competitive exclusion and possibly due to niche shifts caused by global 
warming (Gottfried et al.  2002  ) . As a particularly drastic example, Grabherr et al. 
 (  1995  )  pointed out that an upward shift of the treeline on Mt. Patscherkofel to the 
very peak of the mountain would eliminate 13 % of the (mostly grassland) species 
on this particular peak. 

 Changes in species composition, whether related to land-use or climate changes, 
may strongly affect biogeochemical cycles and related feedbacks to the environ-
ment. For example, abandonment of grasslands has been shown to affect the nutri-
ent cycle, slowing down nitrogen mineralisation by changing the quality of plant 
litter and microbial community composition (Zeller et al.  2000,   2001  ) . In combination 
with a cessation of fertilisation after abandonment, this leads to a reduction in nutrient 
availability, which also slows down carbon dynamics and reduces the net ecosystem 
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exchange of CO 
2
  between grasslands and the atmosphere, as has been demonstrated 

for the complex grassland LTER site at Stubai valley (Schmitt et al.  2010  ) . This is 
partly explained by physiological changes of plant species, which determine both 
the CO 

2
   fi xation capacity and CO 

2
  losses to the atmosphere (Wohlfahrt et al.  2003 ; 

Bahn et al.  2006  ) . Change in plant functional composition may also affect the 
impacts of climate extremes on the water cycle and the regional climate system. 
During heatwaves, grasslands initially increase evaporation and thus regional cooling 
more than do forests, however with increasing duration of hot and dry periods, they 
deplete soil moisture more strongly, which leads to stronger heating (Teuling 
et al.  2010  ) . 

 Last but not least, global changes may also affect potential risks in mountain 
ecosystems. Surface runoff, the contribution of which to mountain torrent runoff 
and erosion is frequently underestimated, may be increased on pastures especially 
during extreme rainfall events. Managed meadows and pastures have been shown to 
be signi fi cantly less erodible than abandoned grasslands (Tasser et al.  2003  ) . 
However, it is not the land-use activities themselves that lead to changes in erosion 
risks, but rather the direct or indirect effects on vegetation and soil properties. These 
include relative cover of grasses, herbs and dwarf shrubs as well as the total root 
length and the rooting density in main fracture depth (Tasser et al.  2003  ) , abandon-
ment initially leading to an increase in grass cover and lateron to an increase in the 
cover of dwarf shrubs and related effects on surface roughness (decreasing initially 
and increasing lateron). Snow gliding is a key component leading to natural haz-
ards, i.e. avalanches and erosions, and due to ongoing global changes, has become 
a topic of major concern (Leitinger et al.  2008  ) . Through changes in species 
composition, and related effects on surface roughness, abandonment of mountain 
grassland has been shown to affect the probability of snow gliding (Leitinger 
et al.  2008  ) . 

 Effects of climate and land-use changes on ecosystems eventually feed back to 
human society. Ecosystem services, such as productivity, carbon sequestration, 
reduction of potential risks, the value of biodiversity for recreation (also feeding 
back to the attractiveness of municipalities and regions for tourism) may all be 
important players in the socio-ecological status and development of mountain areas. 
Current threats and mitigation opportunities of climate and land-use changes on 
natural ecosystems are manifold.   

    21.4   Relevance of an LTSER Perspective in the Tyrolean Alps 

 So far, the LTSER-related research in the Tyrolean Alps has been underdeveloped 
in comparison to natural science research. Two notable examples can be mentioned 
in this direction. One concerns the sub-region of Obergurgl. When UNESCO imple-
mented the International Biological Program (IBP) around the world, much of 
today’s research in ecology started, many new methods were developed and 
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introduced in the  fi eld in order to monitor and analyse ecosystem processes and pat-
terns. There was, however, one major problem within the IBP. Based almost entirely 
on ecological research, it could not contribute to  fi nding solutions for problems of 
socio-ecological systems and their sustainable development. Hence, the follow-up 
programme of UNESCO, Man and the Biosphere (MAB), tried to include an under-
standing of socioeconomic activities that use and change ecosystems. This was a 
very modern approach for the 1970s and is re fl ected today in the LTSER concept of 
Long-Term Socio-Ecological Research. In the Austrian contribution to the MAB-6 
project, led by Walter Moser, Obergurgl was chosen as a case in point. Scientists 
and local stakeholders worked together to generate data for a computer model. This 
was intended to serve to model the ecological and economic options for the future 
of the region as an aid to decision making about regional development (Price  1995  ) . 
Even then, a team from disciplines as diverse as anthropology, botany, ethnology, 
geography, meteorology, microbiology, sociology and the soil sciences tried to cap-
ture and analyse the complex interplay of ecological and social dynamics (Patzelt 
 1987  ) . MAB-6 in Obergurgl ran out of funding in 1979, but to this day it provides 
an excellent starting point for the Obergurgl Alpine Research Centre. This centre is 
the logistic and organisational hub of numerous studies on glacier and glacier 
foreland ecology, climate and geology of the high alpine sites in the inner Ötz 
valley area. For example, at the glacier foreland it was found that colonisation in 
bare-ground plots is limited by a lack of safe sites and is also dispersal-limited, 
and that during the primary succession on glacier foreland, species behave demo-
graphically like late-successional or climax species in secondary successions, 
mainly relying on survival of adult individuals (Erschbamer et al.  2008 ; Marcante 
et al.  2009  ) . 

 A second example of an LTSER perspective in the Tyrolean Alps concerns 
research being undertaken in the Stubai valley where experiments have been 
carried out to underpin mechanisms determining the functioning in mountain 
grassland and to assess the impact of global changes (climate, land use) on eco-
logical processes (e.g. Bahn et al.  2006,   2009  ) . In view of an LTSER perspective 
extending beyond the pure natural sciences approach pursued at the LTER sites, 
in the Stubai valley the human dimension has been largely included in the research 
process. The intention has been to analyse the interaction of society with nature at 
various spatial and temporal scales and their cumulative effects, and to assess 
ecosystem and landscape services of the whole Stubai valley (e.g. Bay fi eld et al. 
 2008 ; Tappeiner et al.  2008a  ) . This means integrating non-scientists in the proj-
ects and retranslating scienti fi c  fi ndings into practice and education by means of 
transdisciplinary and participatory approaches. Major challenges to science lie in 
overcoming disciplinary boundaries and in combining experimental studies with 
modelling approaches and scenario techniques across several scales. Responding 
to the requirements of LTSER, in the Stubai valley we are trying to analyse the 
long-term interaction of ecological and social systems (including politics, econ-
omy and society), to identify current and future problem areas and to develop 
sustainable solutions.  
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    21.5   Conclusions: Future Perspectives of the Tyrolean Alps 
LTSER Platform 

 Given the need for an integrated science-based monitoring and experimental evalu-
ation of effects of global changes in climate and land use on mountain ecosystems, 
it would be highly desirable to strengthen the overall structure and the activities of 
the Tyrolean Alps LTSER Platform, based on the considerable research efforts made 
over the last two and more decades (cf. previous section), and to integrate it as a 
full- fl edged platform in line with the criteria and structure laid down in LTSER 
Europe. Some of the sites contained in the Tyrolean Alps Platform ful fi l the key 
criteria for LTSER site selection, as de fi ned by Ohl et al.  (  2007  ) , very well, includ-
ing economic diversity, conservation relevant policy and participation by stakehold-
ers, and internationally accessible data availability on demographic trends and 
different land-use and land-cover types and their past and future dynamics. Most 
importantly, some sites also ful fi l the vulnerability criteria, which are of particular 
relevance in mountain environments (Körner  2003  ) , including not only biodiversity 
aspects (Ohl et al.  2007  ) , but expanding to encompass a range of biogeochemical 
processes concerning the carbon, water and nutrient cycles and related ecosystem 
services, whose relationships have been increasingly recognised (e.g. Chapin et al. 
 2000 ; Díaz et al.  2007  ) . This has been particularly well documented for the sites at 
the Stubai Valley, which have been integrated into a larger-scale framework by 
stakeholder-based scenario development (Bay fi eld et al.  2008  )  and its implementa-
tion in assessments of the past and future landscape level carbon and water balance 
(Tappeiner et al.  2008a ; Tenhunen et al.  2009  ) . The recent research history at the 
Tyrolean Alps LTSER Platform has shown that a combination of sound monitoring 
of biogeochemistry, the experimental unravelling of underlying processes and the 
consideration of socioeconomic developments is a fruitful way forward, also 
increasing the value of LTSER sites for international projects and networks (e.g. 
Fluxnet, COST Action SIBAE, EU-FP7 and ERA-Net projects). Given this interna-
tional context and perspective, all three priority research themes identi fi ed by the 
recently published White Paper “Next generation LTER” in Austria (Mirtl et al. 
 2010  )  should and will likely be key elements of future process-oriented ecosystem 
research activities in the Tyrolean Alps, including (1) the regulation of primary 
production, removal and accumulation of dead organic material in terrestrial and 
aquatic ecosystems, taking particular account of the problem posed by greenhouse 
gases, (2) recycling and transformation of carbon and other nutrients in natural and 
disturbed ecosystems, and (3) the impact of spatial-temporal patterns and the inten-
sity of disturbances (including weather extremes) upon the stability of ecosystems. 
In view of this considerable task, however, the major challenge remains to take 
LTSER-relevant research from a project-by-project funding basis to a reliable long-
term funding basis, which is inevitably required for developing perspectives that go 
beyond the scope of what is achievable by a patchwork of typical short-term research 
projects. Only based on a long-term perspective of secured funding will it be pos-
sible to develop and pursue a long-term perspective in assessing long-term effects 
of global changes on the highly sensitive Alpine ecosystem.      
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  Abstract   The chapter is an experience in transdisciplinarity illustrated by the case 
of the Upper Ötztal, part of the Tyrolean LTSER Platform in the Austrian Alps. In this 
effort, the search was for an effective framework for integrated monitoring that 
would not be limited to observing and monitoring the state of nature alone, but one 
that would assess and guide overall (regional) sustainability with a focus on the 
interaction between the natural and the social realms. To this end, the chapter proposes 
an integrated monitoring and sustainability assessment scheme that has been developed 
in the context of biosphere reserves by our team and might potentially be useful 
for many LTSER Sites. Applying this scheme to the Upper Ötztal, this chapter 
offers various scienti fi c insights into the social, interaction and natural sphere of the 
study area. The transdisciplinary component is captured in the scenario workshop 
where these insights were discussed with local stakeholders to better understand 
their views, interests and developmental perspectives. Despite challenges that underlie 
transdisciplinary processes, the chapter highlights the relevance of engaging local 
communities as part of a self-organising and self-maintaining socio-ecological system 
when it comes to addressing questions of regional sustainability.  
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    22.1   Introduction 

 In recent years there has been a growing acceptance within sustainability science 
(Kates et al.  2001  )  of the relevance of engaging social actors in addressing complex 
societal problems. It is argued that the engagement of a wide range of stakeholders 1  
helps to achieve research results that are more meaningful in terms of their adequacy 
to inform policy and socially responsible behaviour. The emergence of what later 
came to be called ‘transdisciplinary research’ is an outcome of such deliberations. 
Transdisciplinary research goes beyond transgressing scienti fi c disciplines within 
academia to also engage stakeholders in problem de fi nition and solution seeking. 
This is based on the premise that knowledge exists and is produced in societal 
 fi elds other than science (Klein  2004 ; Pereira and Funtowicz  2006 ; Hirsch Hadorn 
et al.  2008  ) . 

 Transdisciplinary approaches have often proved to be bene fi cial in the context 
of regional development. In order to foster sustainable development at local or 
sub-national scales (e.g. in LTSER Platforms), perspectives from science, man-
agement and other stakeholders need to be well integrated to allow for viable 
outcomes in terms of research, policy and monitoring (Stoll-Kleemann and Welp 
 2008  ) . In this contribution, we present an example of an application of transdisci-
plinarity and its challenges to a region in the Austrian Alps, the Gurgler Kamm 
Biosphere Reserve (Upper Ötztal), which is part of the Tyrolean Alps LTSER 
Platform (see Tappeiner et al., Chap.   21     in this volume). To a large extent, both 
biosphere reserves and LTSER Platforms share common goals: to promote sus-
tainability research and education and advance a showcase model for sustainable 
development. 

 We begin with a brief overview of the various ‘transdisciplinary’ schools of 
thought and their main features within the broader scheme of science-society 
interaction. We then present our transdisciplinary framework for integrated 
monitoring and stakeholder involvement at the local level, with possible engage-
ment of stakeholders from higher levels. The following part of the chapter focuses 
on the Austrian Gurgler Kamm Biosphere Reserve case study where we present 
outcomes from the integrated monitoring and sustainability assessment by 
stakeholders.  

      1 In this chapter, the term “stakeholders” and “non-science actors” is used interchangeably. While 
in a broad sense, scientists are also stakeholders, here this notion refers only to social actors or 
interest groups outside the scienti fi c community.  

http://dx.doi.org/10.1007/978-94-007-1177-8_21
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    22.2   The Emergence and Main Facets 
of Transdisciplinary Science 

 Several notable attempts have been made to reconstruct the history of transdisciplinary 
research (e.g. Balsiger  2003 ; Bogner et al.  2010 ; Farrell et al.  2011 , Hirsch-Hadorn 
et al.  2008 ; Klein  1990 ; Mobjörk  2009  ) . However, as a variety of terms and 
labels have been used in the past to refer to science-society interactions across 
research traditions, the outcome of such reviews lacks coherence. Hence the brief 
review provided here is far from being complete. We focus only on some selected 
“variants of transdisciplinary research”, the scholars of which explicitly discuss 
their own approach under this label. Research traditions that are inherently organised 
around the science-society interface but do not explicitly label themselves as ‘trans-
disciplinary’ are excluded from this discussion. These are, for example, anthropology 
(Speed  2006 ; Balter  2010  ) , sociology (Hale  2008 ; Burawoy  2004  ) , development 
studies (Cooke and Kothari  2001 ; Irvine et al.  2004  )  and public health (Wilcox and 
Kueffer  2008  ) . 

 The emergence of transdisciplinary research  fi elds as it is now called had its own 
predecessors (see Table  22.1 ). An early approach was “action research” (Lewin 
 1951  ) , characterised by a belief in socially constructed and subjective multiple 
realities. Ranging from unemployment, religious, racial and educational to sustain-
ability concerns later on, action researchers engaged with social realities in a cyclical 
process of action and re fl ection. In the 1970s, a group of scholars focussed on seeking 
solutions to societal problems, and in doing so, emphasised the integration of a wide 
range of disciplines. In Europe, the main advocates of “trandisciplinarity” (as it was 
then termed) were Erich Jantsch  (  1972  ) , Jean Piaget  (  1973  )  and Jürgen Mittelstraß 
 (  1992  ) . In order to rescue science from the threat of becoming irrelevant, these 
scholars felt the need to engage research in planning and innovation for society at 
large “with a focus on the sphere outside the research community” (Mittelstraß  1992  ) . 
In other words, here the research questions are of societal relevance, but the assumption 
is that science can substantially contribute to these questions and to solution seeking. 
Mainly deliberative, their efforts laid the foundations for later transdisciplinary 
research that was applied to a greater extent in nature. In the US, such approaches 
were and still are referred to as “integrative studies” (Klein  1996  ) .  

 In more recent decades, a new variant of transdisciplinarity is “post-normal science” 
(Funtowicz and Ravetz  1993  )  that explicitly emphasises the inclusion of voices 
from civil society. Sustainability problems are complex societal problems and 
manifest themselves in forms such as the loss of biodiversity and the depletion of 
natural resources, climate change, bovine spongiform encephalopathy (BSE), and 
soil degradation. This often implies that when using science for policy-making, long 
term consequences may persist and scientists and policy-makers are confronting 
issues where, “facts are uncertain, values in dispute, stakes high and decisions urgent” 
(Funtowicz and Ravetz  1994  ) . In such cases, scientists cannot provide any useful 
input without interacting with the rest of society and the rest of the society cannot 
perform any sound decision making without interacting with scientists. 
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 Critiques and doubts concerning new scienti fi c and technological developments 
and the possibility that these might lead to sometimes unintended side effects (such 
as higher inequalities in terms of access and bene fi t distribution, or environmental 
risks) have meant that technology assessments have gained more and more 
importance (Joss and Bellucci  2002  ) . This process,  fi rst triggered by political 
requests in the US senate in the 1970s, evolved further over the years with Europe 
playing a leading role thereafter. A wide range of schools of thought have contributed 
signi fi cantly to its development, including system analysis, policy science, democratic 
theory, sociology of scienti fi c knowledge and communication theory. While in the 
US the approach taken in assessments was rather analytical, European technology 
assessments made efforts to ensure the fruitful inclusion of values and interests by 
organising participatory procedures that included those who were potentially being 
affected by such developments. The aim of Participatory Technology Assessments 
(PTA) is to provide advice to policy-makers and to encourage wider public debate 
about socio-technological developments. With the participation of those affected, 
PTA move beyond disciplines working together to create a transdisciplinary approach 
with a strong political dimension. 

 In 1994, Gibbons and colleagues anticipated the emergence of a new mode of 
knowledge production that they called ‘Mode 2’ as opposed to the traditional 
disciplinary production of scienti fi c discovery (which they call ‘Mode 1’) (Gibbons 
et al.  1994  ) . While the production of Mode 1 knowledge is characterised by “the 
hegemony of theoretical or, at any rate, experimental science; by an internally driven 
taxonomy of disciplines; and by the autonomy of scientists and their host institutions, 
the universities” (Nowotny et al.  2003 , p. 179), Mode 2 is “knowledge which emerges 
from a particular context of application with its own distinct theoretical structures, 
research methods and modes of practice, but which may not be locatable on the 
disciplinary map.” (Gibbons et al.  1994 , p. 168) Their use of the term ‘transdisciplinarity’ 
re fl ected what they considered to be an increasing body of research dealing with 
problems emerging in the context of application, closely attuned to social needs and 
aspirations and not circumscribed in any existing disciplinary  fi eld. 

 In current European scienti fi c debate on transdisciplinarity, a growing stock of 
publications is provides a continuous contribution to a formidable body of knowledge. 
Several networks in German speaking countries, with increasing international 
participation, play a crucial role in the formation of this cross-cutting  fi eld (espe-
cially the Swiss td-net with its annual conferences and a data base of publications 
comprising about 2,000 titles   http://www.transdisciplinarity.ch/e/Bibliography/
Publications.php    ). Following up on these efforts, the foundation of an international 
platform for discussion and promotion of interdisciplinary and transdisciplinary 
research, teaching, and policy was launched in 2011. Founding institutions are 
mainly from the US (Association of Integrative Studies) and the Swiss td-net. Two 
prominent scholars of this initiative, Christian Pohl and Gertrude Hirsch Hadorn 
 (  2007  ) , suggest that transdisciplinary research should deal with socially relevant 
problems in such a way that it can: “(a) grasp the complexity of problems, (b) take 
into account the diversity of life-world and scienti fi c perceptions of problems, (c) link 
abstract and case-speci fi c knowledge, and (d) constitute knowledge and practices 

http://www.transdisciplinarity.ch/e/Bibliography/Publications.php
http://www.transdisciplinarity.ch/e/Bibliography/Publications.php
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that promote what is perceived to be the common good. Participatory research and 
collaboration between disciplines are the means of meeting requirements (a)–(d) in 
the research process.”(p. 30) 

 In most of the transdisciplinary variants, engaging stakeholders is seen to be 
essential. To this end, several methods to include society in participatory processes – 
from problem framing to seeking solutions – are in use. Within the  fi eld of partici-
patory technology assessment, the involvement of non-science actors has taken the 
most elaborated and re fl ected forms, including Citizens’ Panels, Scenario Workshops, 
Round Tables and Consensus Conferences, 21st Century Town Meetings, Charrettes, 
Citizens’ Juries, Technology Festivals, World Cafés, Deliberative Polling, Expert Panels, 
Focus Groups, Planning Cells, and PAME (Participatory Assessment, Monitoring 
and Evaluation) (for an excellent overview of these approaches, see Elliott et al. 
 2005  ) . In addition to these participation tools, Societal Multi-Criteria Evaluation 
(SMCE) in post-normal science has developed formalised procedures for the entire 
research process aiming at a participatory strategic integrated assessment of a problem. 
The emphasis is explicitly on the quality of the “decision process” rather than on the 
“ fi nal choice” (Munda  2004,   2008  ) . 

 Among the various methods used to engage stakeholders, scenario workshops 
have proven to be both practical and useful (e.g. Loukopoulos and Scholz  2004 ; 
Biggs et al.  2007 ; Walz et al.  2007  ) . Scenarios are best employed if big changes are 
anticipated and if expected challenges appear to be rather complex. Such a situation 
requires thorough consideration of the many driving forces and alternative pathways. 
Scenario workshops are interactive and are perfectly suited to the development of 
shared story lines and visions of alternative futures. They promote cross-group 
communication on the pros and cons of various scenarios, and if the goal be such, 
to  fi nally arrive at a consensus on a future scenario or perspective. This method of 
engaging stakeholders is best suited to developing an informed understanding of 
future local or regional sustainability. 

 While an inclusive science with an emphasis on integration across disciplines 
holds enormous potential for addressing sustainability challenges, the limitations of 
these approaches must be seriously considered (Wallner and Wiesmann  2009  ) . 
Seeking consensus among a variety of perspectives and interests can be frustrating. 
For example, in the case of nature protection, opinions vary among local inhabitants, 
businesses, tourists, and political actors on whether the protected area is a constraint 
or a resource for local development (Siddiq Khan and Bhagwat  2010  ) . Finding 
answers to such questions is not easy. Ideally, in such an instance, a successful 
transdisciplinary process must make mutual bene fi ts visible to all stakeholders.  

    22.3   Integrated Monitoring and Assessment for LTSER 
Platforms: A Transdisciplinary Approach 

 Integration of disciplines and engagement of non-science actors can be a highly 
challenging task if not aided by a sound conceptual framework. In our study of the 
Gurgler Kamm region, the search was for an effective framework that would not be 
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limited to addressing environmental concerns alone by observation and monitoring 
the state of nature, but that would also provide guidance for a transdisciplinary 
process with a focus on overall (regional) sustainability. The need, therefore, was for 
an integrated monitoring (by integrating disciplinary knowledge) and sustainability 
assessment (by engaging stakeholders) scheme. Without appropriate mechanisms 
for integrated monitoring and sustainability assessment by stakeholders, it is impossible 
to tell whether a region is becoming more or less sustainable over a given period of 
time, and to understand how this translates into future management decisions. This 
is a far more complex task than monitoring the various features of the state of the 
environment alone and requires a focus on the interaction between social and natural 
systems. In this section, we present an integrated monitoring and assessment scheme 
that has been developed in the context of biosphere reserves by our team (Fischer-
Kowalski et al.  2008  )  and might potentially be useful for many LTSER Sites. 

 In the context of evaluating sustainability, it is useful to concentrate monitoring 
efforts on those elements of the social sphere that have a direct causal effect on the 
ecosystem. In other words, to focus on those socioeconomic activities that strongly 
relate to and alter the natural environment. Much of the interaction between the 
social and the natural system can be conceptualised as an exchange process of 
investment (intervention) and bene fi ts that cause environmental pressures. Human 
interventions in designated areas such as an LTSER Platform can be varied: building 
tourist infrastructure,  fi shing, farming, simply walking for pleasure, or undertaking 
a conservation measure. These interventions from a social point of view are performed 
in pursuit of certain bene fi ts: a harvest, a beautiful view, an income from the sale of 
souvenirs or stable ecosystems that attract tourists. These bene fi ts may be achieved 
because ecosystems, by their very functioning, allow for certain ‘services’ that can 
be utilised by humans (such as soil fertility, beautiful landscapes or slopes for skiing). 
Looking at the very same intervention from an ecological perspective, it always 
represents an impact on the ecosystem, be it stabilising or destabilising the system. 

 In Fig.  22.1 , we propose to monitor exactly these use-related interactions between 
the social and the natural systems since they link societal bene fi ts of services with 
impacts on ecosystems. Examples for such indicators include, for instance, construction 
activities or visitor frequency at remote places. However, to undertake a sustainability 
evaluation we also need a set of indicators related to the state of the environment 
that are affected by human interventions. Thus, the distribution of certain plant species 
is of interest if these are strongly in fl uenced by certain anthropogenic pressures or 
by conservation measures. The other set of indicators required are those that relate 
to activities in the social sphere. These indicators help to understand those inner 
societal dynamics that matter most for increasing or decreasing pressures (such as 
population, economic activities, consumption patterns, or even conservation policies). 
These indicators would be subject to scienti fi c analysis as non-routine scienti fi c 
efforts to answer speci fi c research questions. Monitoring the natural, social and 
interactive sphere requires integration of disciplines, most effective if structured 
around a common conceptual and theoretical framework.  

 In the absence of universally agreed benchmarks, assessing the ecological 
sustainability of various economic activities is dif fi cult, if not impossible; hence it 
is more rewarding to focus on dynamics. As unsustainable trends concerning the use 
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of nature continues, an important quest is in understanding the dynamics that lead 
to such aggravations and how to steer them for more sustainable outcomes. Such 
insights may be gained by observing a set of relevant system characteristics over 
longer periods of time. However, comprehensively monitoring all system variables 
is neither possible nor even necessary. It is far more meaningful to identify those 
development trends that seem to be crucial for future sustainability. Thus, indicators 
that capture dynamics towards or away from sustainability are of primary interest. 

 The scienti fi c analysis of monitoring results will have to be assessed by the 
relevant stakeholders including management in the light of policy goals and targets. 
In the best case, this assessment will lead to a ‘no-need-to-do-anything’ option. 
However, there might be a need for decisions to, e.g., reduce pressures on the envi-
ronment. An alternative route to trigger decisions might be the intention of some 
stakeholders to take new steps in regional economic development. In this case, 
development scenarios can be discussed in the light of a scienti fi c analysis based on 
monitoring results in consideration of possible future impacts. Effective and 
accepted solutions in both emerging problems and newly intended economic 
developments greatly depend on a decision-making process that includes a wide 
range of perspectives and knowledge, e.g. from science, use and management. 

 Sustainable development often involves balancing con fl icting goals: reduction of 
environmental pressures depends on restricting uses, while development depends 
on allowing and even supporting further uses of nature. The internal sustainability 
of local systems depends on resolving such con fl icts, or at least keeping them at bay. 
Sustainability from the perspective of social systems and actors can be secured if 
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  Fig. 22.1    Integrated monitoring of natural and social spheres as a foundation for negotiating 
development options (Adapted from Fischer-Kowalski et al.  2008  )        
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they feel their costs/investments are balanced by bene fi ts. If this is not the case, 
then actors will try to make a change, and this may well be at the expense of reducing 
environmental pressures. For example, if farmers feel that in a sustainability model 
region they have to work harder for less income than elsewhere without any 
bene fi cial return, or if hotel proprietors feel their investment in tourism is wasted, 
or if tourists feel the trip was not worth the effort, then the maintenance of such a 
model region will be threatened. Equally, if uses exert pressures upon the ecosystems 
that substantially reduce ecosystem services, then ecological sustainability is failing. 

 In dealing with the right-hand part of Fig.  22.1 , transdisciplinary knowledge 
comes to play an important role. The expertise required in guiding social processes 
and the methodological skills to go along with engaging non-science actors effec-
tively are of great relevance to sustainability assessment (Vilsmayer  2010  ) .  

    22.4   Description of the Study Area and Problem De fi nition 

 In this section we present experiences and outcomes of applying transdisciplinary 
science to the Upper Ötztal, in particular the Gurgler Kamm biosphere reserve and 
the two neighbouring villages of Gurgl and Vent with about 500 inhabitants between 
them, both belonging to the municipality of Sölden. Detailed results will only be 
presented for the larger village of Gurgl with 327 inhabitants. Located in the federal 
province of Tyrol, Gurgler Kamm is a high-alpine landscape in the Upper Ötztal. 
The biosphere reserve came into existence as a result of the Man and Biosphere 
(MaB) research activities in Obergurgl (Patzelt  1987  ) . In 1977, Walter Moser, then 
director of the Alpine Research Centre Obergurgl (an extra-mural station of the 
Innsbruck University) made an application to UNESCO in Paris for recognition of 
the area as a biosphere reserve to allow some protection at a time when there was 
none (Lange  2005 , p. 48). The biosphere reserve covers an area of 1,500 ha 2  at an 
altitude of between 1,900 and >3,400 m. Since 1981, about 90% of the biosphere 
reserve was noti fi ed as a “Ruhegebiet” (tranquillity zone) of the Ötztal Alps and in 
1995 the “Ruhegebiet” was declared a Natura 2000 area. Until the 1950s, the majority 
of local inhabitants were farmers. With more and more reliable access routes into 
the Upper Ötztal, a dynamic development of the tourism sector began. A well-known 
ski resort was gradually established to the north of the biosphere reserve. From the 
1950s until recent years, farming lost more and more in importance and today plays 
only a minor role. 

 With the Seville strategy of 2005, it became crucial for all biosphere reserves to 
follow a speci fi c zonation pattern to include a core, transition and development zone 
with varying degrees of use. The core zone was required to be specially protected 
and monitored following the superimposition of other stronger legislations such as 

      2 New plans suggest that the new biosphere reserve should have a size of more than 20,000 ha or 
200 km 2 .  
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that of Natura 2000 or under the Ramsar convention. At the time the Seville strategy 
came into force, the Gurgler Kamm had no zonation and was at risk of losing its 
designation as a biosphere reserve. In response, the Austrian Man and Biosphere 
committee (MaB) asked the responsible stakeholders to develop a zonation plan in 
order to re-constitute the biosphere park in line with the Seville criteria. Along with 
this, the MaB committee also commissioned a new research project to investigate 
the status quo of the biosphere reserve and to compare results with those from previous 
research projects in the 1970s. 

 Thus, the goal of this research project was not only scienti fi c, but had high societal 
relevance insofar as the investigation would have to take into account current 
socioeconomic trends and future development options compatible with regional 
sustainability. The explicit goal of the MaB committee was to engage the interested 
public in a discussion about the changes that had taken place in the region over the 
last 30 years with an exploration of possible future scenarios. Such a challenge to 
address the overall sustainability of a region required not only the integration of 
disciplines, but also meant engaging stakeholders in generating context-speci fi c 
insights and seeking solutions for future decisions. As such, the process required a 
transdisciplinary approach.  

    22.5   Integration of Disciplines: Outcomes from Monitoring 
and Scienti fi c Analysis 

 The  fi rst challenge was to form an appropriate team of scholars from relevant disciplines 
that could effectively contribute to this process. Four different research institutions 
became engaged in the project, covering topics such as biology and alpine research, 
conservation biology and vegetation/landscape ecology, snow and avalanche research, 
as well as social ecology. 3  The core exercise was to come up with a joint research 
concept and framework. The integrated monitoring and assessment framework 
(see Fig.  22.1 ) provided reasonable guidance for developing research questions and 
for communicating between the research teams. For integrated monitoring, we 
agreed on observing a set of variables for each of the three spheres in the left-hand 
part of Fig.  22.1  with a focus on only those that provide insights on local sustainability 
(see Table  22.2 ). Furthermore, a special analysis of the snow cover was performed 
including a projection of snow security under climate change scenarios as an important 
input to the transdisciplinary activity of scenario development. Each of the spheres 
is discussed in more detail below.  

      3 These were: University of Innsbruck (Faculty of Biology and Alpine Research Centre Obergurgl), 
University of Vienna (Department for Conservation Biology, Vegetation Ecology and Landscape 
Ecology), Swiss Federal Institute of Snow and Avalanche Research, and the Alpen-Adria 
Universität (Institute of Social Ecology).  
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    22.5.1   Dynamics Within the Social Sphere 

 Within the social sphere, we identi fi ed four variables crucial to understanding the 
internal dynamics. The number of inhabitants was seen as an indicator that is of 
importance for two quite different reasons:  fi rstly, it refers to pressures caused by 
a growing population and related impacts caused by consumption patterns and 
lifestyle in general; secondly, it enables us to explore future perspectives for young 
people in a region dominated by tourism, after they have received higher education 
outside the valley. In other words, we asked whether there would be income options 
and expected quality of life upon their return. 

 A modelling project in the 1970s (Franz and Holling 1974   ) projected a decline in 
the local population due to lack of income perspectives. They argued that income 
greatly depends on tourism and that tourism is faced with two crucial primary 
limitations. These included the limitation upon safe land for buildings due to the 
hazard of avalanches. Moreover it was argued that a further expansion of buildings 
would lead to environmental degradation and would consequently reduce the 
natural attraction for the landscape among the summer tourists. However, inhabit-
ants found creative ways to better utilise the existing built-up area (see Fig.  22.3 ). 
At the same time, the attraction of the landscape for winter tourists was not affected 
so much since most of the new developments revolved around winter skiing 
tourism where land degradation is not visible, being covered by snow. Moreover, 
the skiing infrastructure was positively welcomed by tourists, who bene fi ted from 
it. Consequently, there was an increase in both the number of  buildings  and guest 
 beds  (see Fig.  22.2a ). With increased tourist infrastructure, a doubling of overnight 
stays in the winter season since the late 1970s was made possible (Fig.  22.2b ). In the 
period since the 1950s, farming as the dominant  economic activity  has been pushed 
back by tourism. The growing winter tourism in particular emerged as the main 
driver for development and attracted the younger generation due to equal or even better 
 income options  than in nearby urban areas (see inhabitants in Fig.  22.2a ). Consequently, 
this supported a moderate  population growth  rate of about 0.8% per annum.   

   Table 22.2    Critical indicators investigated in the biosphere reserve Gurgler Kamm   

 Sphere  Observed variables 

 Social sphere  Population dynamics 
 Employment and income options 
 Economic activities and tourism development 
 Buildings and beds 

 Interaction sphere  Construction and surface sealing 
 Expansion of skiing infrastructure 
 Visitor frequency on hiking trails 
 Skiing and related vegetation changes 

 Natural sphere  Biodiversity/vegetation assessment 
 Diversity of landscapes 
 Snow cover (projections) 
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    22.5.2   Dynamics Within the Society-Nature Interaction Sphere 

 To capture the complex interaction between social and ecological systems, gaining 
insights into land use dynamics is increasingly recognised in the notion of ‘integrated 
land-system science’ (GLP  2005 ; Turner et al.  2007 ; Gaube and Haberl, Chap.   3     in 
this volume). Changes in land use due to natural and socioeconomic factors contribute 
to environmental problems such as loss of ecosystem services, biodiversity loss and 
greenhouse-gas emissions (Millennium Ecosystem Assessment  2005  ) . The using 
and shaping of the land is a good representation of the relations between changes in 
socio-economic organisation, land use and land cover. Since both farming and tourism 
depend on land in the Gurgler Kamm case study, its availability, usability and 
productivity will determine future developments in the region. Therefore, to understand 
society-nature interactions over time we focus on the changes in the  settlement area  
and changes in the surrounding mountainous landscape between the early 1970s 
and the 2000s. 

  Fig. 22.2    ( a ) Development of number of inhabitants, buildings and beds in relation to the index year 
1970 (equals 1) up to 2005 (Source: Haas & Weber  2008a , p. 36). ( b ) Number of overnight stays for 
summer and winter tourism and the total of both of these in 1,000 stays from 1977 to 2006       

  Fig. 22.3    Settlement area in 1973 and 2003. The  red spots  in the aerial photos are buildings and 
the  blue line  is the boundary of the settlement area (Source: Walz and Ryffel  2008 , p. 19)       
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 Figure  22.3  shows the expansion of the built-up area in the same period due to an 
increasing demand for more tourist infrastructure. An analysis of aerial images 
shows the changes in the built-up area in more detail. The ground area for buildings 
has increased by 151% and the settlement area by 38% from 1973 to 2003. This 
clearly re fl ects the tension between the need for more buildings in a region that has 
limited availability of safe land for building purposes.  

 The new constructions utilised some of the surrounding grasslands considered 
safe for this purpose. Interestingly, in 1974 a group of geographers, in consultation 
with some local stakeholders, had attempted to construct a photomontage projecting 
the future expansion of the village area and its built stocks for the year 2000 (Fig.  22.4 , 
 left ). In retrospect, it can be stated that the photomontage for 2000 is almost identical 
with the situation as it actually was in 2007.  

 The mountains are the main tourist attraction in the area. Tourism activities are 
mainly skiing in winter and hiking in summer. As compared to summer activities, 
winter skiing is associated with major environmental impacts for which continuous 
monitoring of investments and environmental pressures is necessary. These impacts 
mainly originate from the construction and expansion of ski infrastructure, such as 
lifts, pipes for arti fi cial snow making and slope preparation. 

 The vegetation assessments on the  ski - slopes  showed that the vegetation outside 
and within ski-slopes is signi fi cantly different  ( Erschbamer and Mayer  2011a  ) . 
Dwarf shrubs and lichens are hardly present on the ski-slopes whereas the abundance 
of mosses was found to be increased (Mayer and Erschbamer  2009  ) . This difference 
was mainly caused by levelling of the slopes 25–30 years ago as well as by arti fi cial 
seed mixture application and fertilisation. However, also actual slope preparation 
and management (snow-making in winter, fertilising and sowing every summer) are 
responsible for the differences between ski piste and adjacent slope vegetation. 
Mayer and Erschbamer  (  2009  )  recommended the reassessment of sowing measures 
above 2,300 m since seed mixtures used until the present were not autochthonous. 
Other relevant skiing-related indicators useful for monitoring are the length of 

  Fig. 22.4    ( a ) Comparing a photomontage from 1974 projecting the year 2000 ( left ), with ( b ) an 
actual photo taken in 2007 ( right ) (Sources: ( a ) Reproduction of laminated photograph, inventory 
of Alpine Research Centre Obergurgl, Kaufmann 2007; ( b ) Kaufmann 2007)       
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ski-slopes, snow-making performance (snowing area and volume of used water, 
annual balance of kilometres prepared with machinery, etc.). 

  Hiking  is the most common activity during the summer season and is generally 
thought to exert far less pressure on ecosystems. To see whether this holds true, we 
surveyed the hiking activities in summer. Researchers interviewed hikers over 
11 days during the 2008 hiking season along the four most popular starting points. 
Interviews included questions on the intended route and activities, their motivation 
for doing so and for doing so here. People predominantly went for one-day hikes 
with “being in nature” as the main attraction and motivation. There were no incidents 
of particularly damaging tourist activities like quad-biking, down-hill racing, etc. 
As such, summer tourism activities were assessed as low-impact activities with visitor 
frequencies rising to over 75 per day only in the close proximity of the village 
(Ackermann and Walz  2012  ) . 

 When discussing the sustainability of future options, it became quite evident that 
the relation between winter and summer tourism is in fl uential. While at present 
the capacity is utilised quite ef fi ciently in winter, it is under-utilised in summer. 
Consequently, further growth of tourism in winter would require an extension of 
infrastructure, while tourism growth in summer could be well served by existing 
facilities. Ultimately this means that from the perspective of both nature protection 
and economy, a shift to more summer tourism would be preferable.  

    22.5.3   Changes of the Natural Sphere 

 The Upper Ötztal Valley has been a research site for the natural sciences since 1863 
(Erschbamer and Mayer  2012b  ) ; consequently there exists a rich body of literature 
on the natural attributes of the region. Studies range from biological and agricultural 
surveys to expert opinions in nature protection affairs. One of the  fi rst steps in the 
present research was to systematically document, archive and analyse existing 
research (Schwienbacher et al.  2007  ) . Almost 60 studies were analysed according 
to their relevance to scenario development, biosphere reserve, regional development 
and their reproducibility. 

 On the basis of this body of research, two vegetation studies were performed. 
One focussed on summarising the botanical studies from the 1990s to the present in 
the inner Ötz Valley to estimate the actual diversity within 13 subalpine/alpine 
plant communities (Erschbamer and Mayer  2012a  ) . To obtain an overview for all 
these types,  diversity indices  were calculated. The second study tried to assess the 
changes over time in two alpine plant communities (snow bed, alpine grassland), 
which were investigated during the MaB project at Mt Hohe Mut (2,650 m a.s.l.) in 
the 1970s (Erschbamer and Mayer  2012b  ) . Vegetation plot sampling performed by 
Duelli  (  1977  )  was repeated in 2006. Unfortunately, Duelli  (  1977  )  did not permanently 
mark the plots, however, it was possible to reconstruct the sampling locality properly. 
Within the alpine grassland the quantitative dissimilarity amounted to 0.58 (Bray 
Curtis Distance) showing a high loss of species since the 1970s (Fig.  22.5 ,  left bar ). 
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In the snow bed, dissimilarity was 0.46 and species numbers increased until 2006. 
In both the communities about 40–50% of the species found in the 1970s were still 
present in 2006 (Fig.  22.5 ).  

 Consequently we were confronted with some open questions: one was to better 
understand the role of possible in fl uential factors such as land use and climate 
change, as these questions are crucial for discussing management options. Another 
was to assess crucial research gaps and to develop a research plan that can provide 
information needed for discussing local sustainability in the long run. 

 Researchers also generated maps of  land cover changes  (Reiter et al.  2008  ) . 
Orthophotos were analysed with the help of a digital elevation model and categorised 
into 11 land cover classes (like Swiss stone pine or dwarf-shrub heath land). To better 
match appearance in the orthophotos with effective land cover class,  fi eld studies 
of numerous randomly chosen study sites were performed. With this method, it was 
possible to map the entire study area of approximately 275 km 2 . Furthermore, it 
allowed for a  fi rst comparison with aerial photos from earlier times. In one speci fi c 
comparison below (Fig.  22.6 ), we can see that there was an increase in fodder 
meadow and a decrease in Swiss stone pine. Furthermore, river training measures 
were applied, the farmstead was expanded and one shed was removed.  

 Given that climate change, in particular rising temperatures, could become a 
threat for winter tourism in Austria, a forecast of probable  changes in snow cover  was 
essential in the study for the future planning of the region. A study was undertaken 
to model the most probable number of days that feature snow cover of more than 
30 cm (Walz and Ryffel  2008  ) . Such days are de fi ned as alpine winter sporting days. 
The general rule of thumb is that a ski resort needs at least 100 alpine winter sport 
days to be attractive for tourists and economically viable, as  fi rst postulated by 
Abegg  (  1996  ) . The study suggested that even in warm winters in the lowest parts of 

  Fig. 22.5    Comparison of the occurrence of species of two alpine plant communities (snow bed, 
alpine grassland with Carex curvula) in 1970s and 2006       
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the ski resort, snow cover will be well above this limit in the decade starting in 2041 
(115 days). In addition, there are 33 days with temperatures that allow for snowmaking 
with the use of currently available technologies (Table  22.3 ). Therefore, Obergurgl 
is in the fortunate situation of being able to plan its winter tourism with no imminent 
threat from climate change in the future. It is even more likely that Obergurgl will 
bene fi t from snow scarcity occurring in neighbouring ski resorts.    

    22.6   Engaging Society: The “Transdisciplinary” Process 

 The transdisciplinary process required engaging non-science actors in a dialogue 
related to the sustainability assessment of their region and the future it entails. In other 
words, the process required the communication of the outcomes from monitoring of 
social, natural and interactive spheres to the stakeholders and working with scenarios 
(Fig.  22.1 ,  right side ). In preparation for an interactive process such as this, it is 
essential to  fi rst undertake a stakeholder analysis. A second step was then to actively 
engage local stakeholders in discussions on the past, present and future of their 

  Fig. 22.6    Land cover change visible in aerial photos for 1972 and 2003 (Source: Reiter  2007  )        

   Table 22.3    Alpine winter sporting days for village and mountains of Obergurgl for a recent 
decade and the decade starting in 2041   

 1996–2005 
average 
measured 

 Average 2041–2050 

 Cold 
winter + 2°C 

 Warm 
winter + 4°C 

 Obergurgl village 
(1950 m altitude) 

 Alpine winter 
sporting days 

 143  127  116 

 Potential days for 
snowmaking 

 79  53  33 

 Obergurgl mountains 
(2,650 m altitude) 

 Alpine winter 
sporting days 

 166  154  143 
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village. People are for the most part interested in the history of their surroundings, 
be it the economic or cultural development or any changes or continuities in nature. 
For this reason, the research team was con fi dent that feeding back the outcomes 
from monitoring and scienti fi c analysis on the past decades would play a crucial 
role in helping to build scienti fi c credibility with stakeholders and to establish a 
shared communication base to discuss the future sustainability of the region. The 
research team chose the scenario workshop as the most appropriate method. 

    22.6.1   Stakeholder Analysis 

 A sound stakeholder analysis goes beyond simply mapping the various groups, but 
also requires an understanding of their interests, preferences and the resources/
competencies which could either facilitate or hinder the process. This is an important 
dimension of transdisciplinary science and a prerequisite for any participatory process 
to decide which groups are relevant in providing contextual knowledge, have high 
interests, are likely to be affected, are important for seeking solutions and taking 
decisions towards the end. In this section we focus on the main orientation of stake-
holders with respect to regional sustainability. The following grouping has proven 
to be useful:

   Stakeholder description according to their relations to nature• 

   Mainly protection-oriented: These are persons or groups who are mainly con- –
cerned with the protection of nature  
  Mainly use-oriented: These are persons or groups who are mainly concerned  –
with the use of nature, such as forest or tourism enterprises  
  Science-oriented: These are persons or groups who have mainly scienti fi c  –
interests, be it concerning nature, society or their interrelations     

  Stakeholder description according to their predominant scale of action• 

   Local level: These are persons or groups who predominantly decide and act at  –
the local level, in our case this refers to the villages of Gurgl and Vent.  
  Municipal level: These are persons or groups who predominantly decide and  –
act at the municipal level with their actions in fl uencing the local level, in our 
case this refers to the municipality of Sölden.  
  Provincial level: in analogy to the municipal level, in our case the federal state  –
of Tyrol.  
  National level: in analogy to the municipal level, in our case Austria.        –

 After performing interviews and experiencing stakeholders in various situations, 
the following stakeholder map was generated (see Fig.  22.7 ). The stakeholder 
map and discussions around their interests proved to be very useful for the research 
team in preparing for the scenario workshop. For instance the clustering of actors 
into stakeholder groups guided the selection process to achieve a fair representation 
of the diverse interests.  
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 Despite the divergent interests, orientation and competencies of the various actors 
it seemed possible to engage them in a dialogue on local sustainability. In some way 
or other, all stakeholders would bene fi t from the sustainable use of local resources. 
For example, the tourist industry indeed had concerns regarding a possible reduction 
in tourism in the region if the landscape became degraded or lost its aesthetic appeal. 
Institutions oriented towards nature protection were deeply aware that conservation 
efforts would be less effective without the local support of communities that draw 
their sustenance from the surrounding environment. In effect, local people could 
play a very important role in monitoring and management of local ecosystems if 
they stand to bene fi t from the healthy state of nature. The federal administration 
has to balance both objectives of protection and of use, and therefore sustainable use 
of local resources is inherent in their organisation’s mandate. Last but not least, the 
nostalgia of local people inspiring the revival or at least maintenance of their local 
environment as an important part of their history and identity also plays a crucial 
role in the discussion of regional sustainability. 

 Despite the common interest in local sustainable development within this compi-
lation of stakeholders, not all of them are actively involved in the decision of whether 
and how to reconstitute the Gurgler Kamm biosphere reserve. Here, we need to 
also differentiate between the stakeholders that are in a position to take decisions 
and action regarding the reconstitution of the biosphere reserve, and other that are 
“only” affected, but that are without such authority. However, in line with the idea 
of biosphere reserves which explicitly promotes the sustainable use of nature, decision-
makers have a strong interest in a high level of acceptance of and support for the 

  Fig. 22.7    Map of stakeholders, grouping persons or groups according to their relation to nature 
and their predominant scale of action (Source: graph based on Haas & Weber  2007 , p. 21)       
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(reconstituted) biosphere reserve. Key decision-makers in the case of the Gurgler 
Kamm include the MaB Committee at the national level (building the bridge to 
UNESCO), the provincial administration of Tyrol (particularly the environmental 
department, but with a strong orientation towards policy) and the authorities of the 
municipality (with the mayor playing a central role). It is remarkable that the local 
stakeholders, who constitute a primary focus according to the initially proposed 
research by the MaB, formally play a minor role in decision-making. Nonetheless, 
they are the most relevant group when it comes to the actual management of the land 
and the natural resources within the area. 

 As initially planned, a  fi rst step in the research project was to get the local actors 
involved and identify how they see and value possible futures of their region. In a 
second step it was planned to feed these  fi nding into the overall decision-making 
process including different hierarchical levels.   

    22.7   Local Level Scenario Development 

 Based on the assumption that people are interested in the history and future devel-
opment of their own area, the scienti fi c team decided to run a joint scenario 
workshop between scientists and local stakeholders called “Gurgl and Vent – yesterday, 
today, tomorrow”. The development of scenarios for possible futures can provide 
multiple functions. It can help each of the different stakeholder groups to better 
understand the various and different perspectives of others on drivers, main issues 
and contingencies for development as well as anticipated future problems (Elliott 
et al.  2005  ) . Thus it allows for the creation of a common communication basis for 
discussing complex sustainability problems and  fi nally for the ground to be prepared 
for decision-making. 

 The workshop participants comprised of the biosphere park management, 
researchers, and representatives of several small to medium size enterprises and 
associations (guest houses and hotels, mountain guides, grocery shop, the local 
tourism association, the church and the alpine research station). To allow for better 
trust building higher level stakeholders from outside the region were not approached 
for this  fi rst event. The  fi rst part of the workshop was to describe the developments 
over the last 30 years by using mainly images and maps. This triggered the contribution 
of personal views. Since snow cover is crucial in determining the prosperity of 
winter tourism, the projection on snow cover for the years 2041–2050 was presented. 
It was received with some satisfaction, given that it suggested there will be no threat 
for winter tourism within the region. 

 Participants received a short introduction to the scenario approach (Elliott et al. 
 2005  ) . The example of the IPCC scenarios (IPCC Working Group III  2000 , p. 4) 
was used as an illustration. Stakeholders and scientists worked on the scenarios in 
small mixed groups, following three steps: First, to de fi ne the variables they consider 
as highly relevant for future development of the region. The two groups listed a total 
of 13 in fl uencing factors crucial for the future. These were then grouped into external 
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framework conditions (over which they have little or no control) and those internal 
to the system over which they have more power to decide upon (Fig.  22.8 ). These 
ranged from the various forms of tourist attractions to be created in the region and 
demands by tourists to the danger of avalanches. As a second step, participants 
developed short storylines for four different scenarios: a trend, a desired, a horror 
and a surprise scenario.  

 In the “trend” scenario, participants envisaged a moderate increase in winter 
tourism and stagnation in summer. They argued that the required additional annual 
capacities for the winter season entail more construction activities both in the village 
and on the ski slopes in summer and thereby substantially diminish the village’s 
attractiveness for summer tourism, which would limit summer tourism. In contrast, 
the “desired” scenario envisioned freezing the number of overnight stays in winter 
at the current level and increasing summer tourism. Since the village has suf fi cient 
excess capacities in summer, building activity could be restricted to maintenance 
work on already existing infrastructure, hence increasing the attractiveness of the 
village to allow for an increase in summer tourism. The “horror” scenario took the 
trend scenario to the extreme, with an emphasis on the development of winter tourism. 
Due to the risk of avalanches, there are no additional building areas available. 
Bed capacities could only be increased by moving staff out of the village to a less 
attractive and cheaper town at a lower altitude. In this scenario, construction activities 
would increase signi fi cantly to adapt staff quarters for the new purpose and to 

  Fig. 22.8    Causal model linking in fl uential external and internal variables – 13 in all – with system 
parameters and ultimately with the outcome dimension of sustainability       
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develop new ski slopes and ski-lifts to keep waiting times down. Consequently this 
would mean a near collapse of summer tourism. The “surprise” scenario was connected 
with the rediscovery of the “ Sommerfrische ”, meaning that due to climate change, 
tourists would increasingly be longing for refreshing holidays instead of hot summer 
holidays further to the South. Gurgl could offer a good mix of wellness, health 
services and walking in restorative mountain air for all four seasons. Special tourist 
groups such as allergy sufferers could be addressed. This scenario would require 
little in the way of construction activities in summer and would consequently lead 
to a stagnation of winter tourism. 

 In the  fi nal phase of the workshop, the groups discussed the scenarios according 
to the list of in fl uential variables and agreed for each variable on the direction of 
change needed in order to achieve the situation described in each scenario for the 
year 2020/2021. After the workshop, the scenarios were assessed using site-speci fi c 
sustainability indicators developed by the research team Haas and Weber ( 2008b ) 
(see Table  22.4 ).  

 For the assessment itself, a causal model was developed to link in fl uential variables 
(external and internal ones) with certain system parameters to ultimately assess how 
sustainability indicators will be altered over time (Fig.  22.8 ). Finally, the summary 
of the scenarios, the causal model and the sustainability assessment were discussed 
in interviews with selected stakeholders. 

 In broad terms, the assessment shows that the “desired” scenario is the most 
sustainable one, offering increased local value generation and a much better quality 
of life with no intensi fi cation of land use required (Table  22.5 ). Local stakeholders 
and scientists shared this view. The “horror” scenario developed by the local stake-
holders was the worst in terms of sustainability. The “surprise” scenario favoured by 
some local stakeholders achieved a mixed score. While the assessment shows an 
intensi fi cation of pressures on the environment due to energy intensive wellness 

   Table 22.4    Sustainability indicators for describing and assessing the scenarios   

 Sustainability indicators  Impact  Relevant for 

 Economic  Local value creation  Local value creation determines 
income options for employees 
and entrepreneurs and is an 
in fl uential factor persuading 
young people to stay in the 
village 

 Socioeconomic 
development 

 Social  Quality of life  Quality of life is the other 
in fl uential factor for young 
people to stay in the village. 
It comprises attractiveness of 
landscape and vitality of 
village outside tourism seasons 

 Socioeconomic 
development 

 Environ. 
pressure 

 Settlement  Extension of settlement areas  Biodiversity and 
land cover  Transport infrastructure  Extension of infrastructure 

(landscape fragmentation) 
 Ski-lifts, slopes and 

facilities 
 Extension and intensi fi cation of use 
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activities and greater per capita indoor space, it would possibly increase the overall 
local value creation. In terms of quality of life the huge and possibly risky investments 
required could lead to a split among the village population. While small family-
operated guest houses would not be able to afford the investments needed and might 
therefore be forced to close their business and consequently move out of the village, 
bigger hotels might bene fi t strongly from this development. So while the latter 
would gain continuous improvements in their quality of life, the former would not 
be able to remain in their desired living environment. In further discussions of the 
scenarios and interviews, the different interests of the two groups emerged more 
clearly. Those running large hotels with many employees favoured winter tourism, 
while smaller enterprises wished for a balance between winter and summer tourism. 
The former preferred to have a heavy workload in one season and to spend the rest 
of the year renovating and relaxing. In contrast, small family-run enterprises where 
the whole family is involved were interested in a more even distribution of the work-
load throughout the seasons. These are differences that will require further attention 
if the idea of a model for sustainability in the region is to be pursued in future.   

    22.8   Conclusions 

 Transdisciplinary approaches can generate valuable knowledge not only in scienti fi c 
terms, but also in terms of providing decision-making support for a sustainability 
transition. At the same time, sharing experiences in transdisciplinarity and compari-
sons with other projects engaged in similar endeavours enhances learning and 
improved outcomes. In general there is no recipe for transdisciplinary processes, but 
there are several lessons and insights that can be concluded from this and other 
research experiences (Box  22.1 ). 

 The chances of success appear to increase if transdisciplinary research is conceived 
of as a joint learning process with as yet unclear outcomes. All participants have 

   Table 22.5    Initial sustainability assessment of the four scenarios for Gurgl 2020   

 Scenario Gurgl 2020  Trend  Desired  Horror  Surprise 

 Description of 
scenarios 

 Intensi fi cation 
of winter 
tourism; 
Steady state 
summer tourism 

 A balance 
between 
summer 
and winter 
tourism 

 Winter 
tourism 
only; No 
summer 
tourism 

 Health- and 
wellness-
offers; especially 
for allergy 
sufferers (high 
altitude) 

 Economic: Local 
value creation 

  �    ‰    ‰    ‰  

 Social: Quality of life   ‰�    ‰‰    ��    ‰�  

 Ecological: 
Land use 
intensi fi cation 

  �    ‡    ��    �  
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  Box    22.1 Challenges of Transdisciplinary Research 

 Transdisciplinary research poses several challenges to both researchers and 
stakeholders. 

   No Unity of Science 

 If interdisciplinary research is taken seriously, this implies different scienti fi c 
viewpoints on one and the same problem. These different viewpoints, e.g. 
between natural and social scientists, enrich science. However, lay persons 
might see scientists as the provider of true answers and different or incompatible 
opinions might confuse them.  

   Con fl icting Interests 

 Transdisciplinary research implies participatory processes. Since stakeholders 
most probably have con fl icting interests already, the joint process of de fi ning 
the problem to be investigated might become a stumbling block. Different 
resources, goals and values at stake and their social representation pose serious 
challenges to researchers.  

(continued)

their speci fi c incentives for dealing with an issue that is not yet properly de fi ned. 
And if participants  fi nd that the process will not serve their interests (not even in the 
long run), then they are always free to drop out. An honest communication base is 
the best precondition. Any lack of clarity about the intention to participate usually 
signals the beginning of an asymmetrical and possibly unpleasant experience of col-
laboration. Clear roles and responsibilities would appear to be another precondition. 
One of these concerns an agreement on who will steer and facilitate the process. 
There are several models available, such as the “mixed steering group” or a “third 
party facilitator”. Whichever one is chosen, clarity and, at the least, no rejection by 
the participating groups is essential. Another role to be clari fi ed is that of science. 
The main question concerns whether scientists have a degree of self-interest 
concerning the outcome of the process or whether their interest is focussed on 
formulating a feasible and promising research question and the sound application 
of methods with open outcomes. The openness to outcomes seems to be another 
crucial prerequisite for success. 

 Another rather important ingredient for the success of the process seems to be 
that participants have a minimum degree of willingness to re fl ect on the collaborative 
process and to re-adjust their actions based on insights gained from such re fl ections. 
A useful starting point is for scientists or site managers to organise their own critical 
re fl ection in discussions with peers from other protected landscapes. Last but not 
least, transdisciplinary research needs careful planning. This planning does not only 
start with the project, but sometimes includes careful thought that is required even 
at the point of initialising the research. 
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   External and Internal Power Play 

 Usually problems such as unsustainable developments have evolved over time 
and there are good reasons why societal counter-movements have not taken 
place. In many cases, a likely reason is that the most in fl uential stakeholders 
might underestimate the adverse effects of such trends. In some cases it might 
even be that the most in fl uential groups bene fi t from the unequal distribution of 
environmental resources and are reluctant to change. Transdisciplinary research 
needs to understand how to motivate stakeholders with various backgrounds 
and how to establish a communication base where scienti fi c arguments can be 
considered openly. However, attention needs to be paid to the fact that the trans-
disciplinary process should not become the ball in a game between the stake-
holders involved, in such a way that this further perpetuates the problem.  

   Need for Collaborative Integration 

 Throughout the transdisciplinary process, integration is a precondition for 
success. This starts with the joint problem de fi nition and ends with a joint 
formulation of results that might be used differently in scienti fi c communities 
and in practice. However, if scienti fi c results are entirely detached from joint 
 fi ndings and if stakeholders’ efforts are limited to communicative action only, 
this lack of integration is a strong indication that the process has failed. Non-
collaborative behaviour is a powerful means to undermine such a process.  

   Uncertainties 

 Transdisciplinary research processes are highly dependent on collaboration 
and  fi ndings relevant to the joint problem de fi nition. This entails a high level 
of uncertainties concerning the outcome. While stakeholders might easier be 
motivated to engage in a process when this seems to promise a pleasant out-
come, uncertainty might be a stumbling block for the engagement of both 
stakeholders and scientists. Half-hearted collaborations may lead to diffuse, 
unarticulated, disputed, over-interpreted or over-generalised outcomes.  

   Limited Resources and Unlimited Expectations 

 Scientists and hired professionals face both limited resources and high pro-
duction pressure,   e.g. peer reviewed publications. At the same time, stake-
holders may have diverse and even unlimited expectations with a wish to 
bene fi t from continued services from science. 

  Based on authors’ experience, observations and literature including 
Wallner and Wiesmann (  2009  , p. 49) and Wiesmann et al. (  2008  , p. 440).   

Box 22.1 (continued)
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 Clearly, transdisciplinary science is always confronted with some sort of power 
play. Stepping into any social system, one is soon confronted by established power 
structures and hierarchies that are by no means a matter of chance. Those who bene fi t 
most from existing arrangements do have a great interest in reproducing these power 
relations and might therefore resist change. Economic disparities, unequal access to 
land, knowledge and political processes greatly in fl uence the way these power 
structures are organised. While some power play is quite obvious, some is played 
out behind closed doors. Furthermore, if not cautious or well-informed, research 
efforts too might face the danger of being selectively used by some stakeholders to 
promote their own interest. Due to these complex power dynamics, in the Ötztal 
case, it was not possible to engage local, provincial and relevant national stakeholders 
in a dialogue for local sustainability. Still, for the research team, this was quite a 
useful learning exercise. We discovered, for example, that groups we had believed 
to be very homogenous were actually quite heterogeneous. Nevertheless, these very 
different perspectives allowed for resonance and increased interaction and enabled 
progress on issues which at  fi rst seemed to be stumbling blocks. This is true not only 
with stakeholders, but also while working in an interdisciplinary team. Natural scientists 
had been primarily concerned with the degradation of natural richness, viewing 
humans as a disturbance to nature, whereas social scientists had focussed on the 
study and survival of human societies. Only an interdisciplinary approach that 
conceptualises local communities as part of a self-organising and self-maintaining 
socio-ecological system allows for integrative views based on both perspectives. In the 
Ötztal case, this view was crucial to the achievement of successful integration.         
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 A human ecologist, a systems ecologist, a biogeochemist, an environmental historian, 
and an industrial ecologist have come together to present this book, offering at least 
some evidence of the great multi-disciplinary interest in the still maturing approach 
of Long-Term Socio-Ecological Research. Indeed, we see that LTSER did not spring 
fully grown from a single source, but is very much developing as an inter- and trans-
disciplinary  fi eld of inquiry that might evolve into a meta-discipline. While these 
chapters stand by themselves, when they are reviewed together, themes emerge and 
 fi elds come into alignment, even those encompassing different ontological roots. 
One clear, but heretofore implicit message suggested by this compilation is the 
need for some standardisation of LTSER models and methods. As the  fi eld advances, 
there is a need for suf fi cient standardisation to achieve comparability – without 
diminishing the creative sparks that celebrate the differences of time and place. 
This conclusion seeks to identify messages from the 21 contributions over three 
sections that contribute to the advancement of the LTSER idea and concludes with 
a short research agenda. 
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 Section     23.1  introduces LTSER concepts, methods, and linkages, some adapted 
for LTSER from other  fi elds and some developing from within. A common ele-
ment in these chapters is the importance of measuring a system’s metabolism as a 
central approach of LTSER – tracking the  fl ows of materials and energy through a 
speci fi ed spatial system at a particular time and, in some instances, collecting 
suf fi cient data to look at a system over historical time periods (Fischer-Kowalski 
et al., Chap.   4    ). As we are reminded in Chap.   7     by biohistorian Stephen Boyden, 
the “human species is now using about 12,000 times as much energy and emitting 
12,000 times as much CO 

2
  as was the case when our ancestors started farming 

some 10,000 years ago.” Tracking the impacts of our activities, not only the activi-
ties themselves, provides a critical starting point for assessing how we might do 
things differently in future. 

 Several authors have sought to move the conversation regarding these long-term 
studies from a view of  socioeconomic  metabolism that focuses on cataloguing the 
material and energy  fl ows of economic activity to a broader view of  socio-ecological  
metabolism that also incorporates the ecological impacts of human-environment 
interactions. A brass tacks question from ecology asks: how do we know how much 
nature humans have altered? While we have the ambition to fully analyse human 
and natural systems, we fall short. A method based in ecology prescribed by Haberl 
and colleagues (Chap.   2    ) that moves LTSER further into the natural realm is the 
measurement of “human appropriation of net primary production.” HANPP entails 
an evaluation of the extent to which human activities alter the amount of biomass 
available to ecosystems as a means of quantifying how much humans modify natural 
systems. 

 In another metric of human impact on nature, Krausmann (Chap.   11    ) calculates 
the area needed to grow forests for fuel wood with the area needed for the equivalent 
coal energy in a method he – following German environmental historian Rolf Peter 
Sieferle – calls the “subterranean forest” or “virtual forest area.” In the case of Vienna, 
he  fi nds that if today’s energy requirement had to be met with fuel wood, there simply 
would not be enough area in the city nor, indeed, in the entire nineteenth-century 
Austrian forest, highlighting the need for ecological as well as economic measures. 
Many authors encourage modelling approaches that can embrace both the more 
common socioeconomic as well as the more integrative socio-ecological compo-
nents through systems dynamics modelling including agent-based modelling such 
as in Gaube and Haberl (Chap.   3    ). 

 In advancing LTSER it is important to ask: having examined this new approach, 
what does it have in common with other, pre-existing areas of study, particularly in 
the social sciences? How can LTSER accrete the valuable lessons from these disciplines 
and sub-disciplines including environmental history (Winiwarter et al., Chap.   5    ), 
geography (Zimmerer, Chap   8    ), and anthropology (Gragson, Chap.   9    )? These chapters 
show how social sciences and the humanities can deepen and contextualise LTSER 
through the use of both quantitative and qualitative data as well as historical sources 
and narratives. In one excellent example, we see how other scholars have paved the 
way for a more realistic starting point for LTSER, avoiding paths already disproven. 

http://dx.doi.org/10.1007/978-94-007-1177-8_4
http://dx.doi.org/10.1007/978-94-007-1177-8_7
http://dx.doi.org/10.1007/978-94-007-1177-8_2
http://dx.doi.org/10.1007/978-94-007-1177-8_11
http://dx.doi.org/10.1007/978-94-007-1177-8_3
http://dx.doi.org/10.1007/978-94-007-1177-8_5
http://dx.doi.org/10.1007/978-94-007-1177-8_8
http://dx.doi.org/10.1007/978-94-007-1177-8_9
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In this case, Zimmerer describes how disciplines grounded in  fi eld work and analysis 
such as geography help to debunk the myth that nature is ‘pristine’ by demonstrating 
how nature shapes and is shaped by human interactions. 

 With respect to LTSER applications across ecosystems, time and space 
(Sect.  23.1.1 ), a LTSER Platform provides a means of conducting socio-ecological 
research at a speci fi ed starting point. Some of the studies in the book re fl ect trans-
disciplinary research of a single place while others are cross-cutting reviews in time 
and space. The common call for multi-scalar research by Dirnböck et al. (Chap.   6    ) 
in the  fi rst section of the book is addressed in the section on LTSER applications, 
but through accumulating the lessons of individual chapters rather than presenting 
and analysing them in a comprehensive way. 

 There are many variations when applying LTSER to single sites and in particular, 
this section looks at (1) the transformation of a speci fi c activity – agriculture – 
within a single region over time (Gingrich et al., Chap.   13    ), (2) changes in the urban 
metabolism of a single European city but over 200 years (Krausmann, Chap.   11    ), 
and (3) a city within an expansive region in the U.S. (Grimm et al., Chap.   10    ). At broader 
spatial scales comparisons are possible through (1) a chapter looking across studies 
of four different island systems (Chertow et al., Chap.   14    ); (2) a chapter looking at 
a single activity, agriculture again, but reviewing it across hemispheres (Cunfer and 
Krausmann, Chap.   12    ), and (3) a global view of transitions described in socio-
metabolic terms (Krausmann and Fischer Kowalski, Chap.   15    ). 

 Looking across this broad variety of projects, the importance of a socio-ecological 
perspective for examining the drivers and impacts of technological change emerges, 
providing insights of a different character beyond those typically offered by historians 
and economists. This alternative perspective places a great deal of attention on 
changing patterns of energy use and transportation as critical elements of societal 
transformations. The tracking of material and energy  fl ows provides evidence that 
technology development and ef fi ciency gains have not reduced metabolism, rather 
these advances have added to industrial metabolism even in the recent transformation 
to information and communication technology (Krausmann and Fischer Kowalski, 
Chap.   15    ). 

 With respect to urban LTSER, Krausmann’s study of Vienna takes more of an 
environmental history approach grounded in government statistics over time, while 
Grimm et al. take a more interdisciplinary approach in the Central Arizona-Phoenix 
LTER – combining, for example, ecology, public health, and demography (Chap.   10    ). 
Despite the differing approaches, both studies reveal the ‘hidden costs’ of urbanisa-
tion in terms of resource mobilisation. The broad question for Grimm et al. is: “how 
do the services provided by evolving urban ecosystems affect human outcomes 
and behaviour and how does human action (response) alter patterns of ecosystem 
structure and function and, ultimately, urban sustainability in a dynamic environ-
ment?” Ecosystem services, then, are recognised as the key focal point of interac-
tion between people and the environment and, in the case of the Central 
Arizona-Phoenix project, how ecosystem services play out in built and highly 
modi fi ed landscapes. 

http://dx.doi.org/10.1007/978-94-007-1177-8_6
http://dx.doi.org/10.1007/978-94-007-1177-8_13
http://dx.doi.org/10.1007/978-94-007-1177-8_11
http://dx.doi.org/10.1007/978-94-007-1177-8_10
http://dx.doi.org/10.1007/978-94-007-1177-8_14
http://dx.doi.org/10.1007/978-94-007-1177-8_12
http://dx.doi.org/10.1007/978-94-007-1177-8_15
http://dx.doi.org/10.1007/978-94-007-1177-8_15
http://dx.doi.org/10.1007/978-94-007-1177-8_10
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 Apart from the output of long-term socio-ecological research, there are other 
basic questions to be addressed by LTSER. There are now 31 LTSER platforms in 
the EU across 21 countries and encompassing 48 socio-ecological regions. In addition 
to 26 LTER sites in the US, in the last 2 years 21 new exploratory urban sites were 
selected through the Urban Long-term Research Area programme (ULTRA-Ex), 
with much explicit encouragement to combine social and ecological study. So it is 
important to ask: How are such programmes formed and funded? What paths of 
development have they followed? What methods and frameworks have been deployed 
and which aspects have been successful thus far and could be taken up by others? 
Sect.  23.1.2  on LTSER formations assembles contributions that outline some of 
these efforts and experiences that could provide inspiration and useful guidance for 
ongoing and future LTSER processes. 

 Although there are always numerous strands and pieces that come together in 
any new endeavour, many authors point to the in fl uence of the US long-term eco-
logical research (LTER) programme on the eventual emergence of the long-term 
socio-ecological research concept and LTSER Platforms. With the exception of the 
two urban US LTER sites in Phoenix and Baltimore (Chaps.   10     and   16    ), however, 
most of the other LTER sites were selected to be remote from human impact rather 
than inclusive of it. These sites have emphasised themes and protocols more in line 
with science than with social science. Indeed, Furman and Peltola state in Chapter 
18 that transitioning from LTER to LTSER requires a “radical change in the way 
research is developed and research infrastructure is built.” 

 LTSER, therefore, brings many challenges in its wake as discussed by the authors 
involved with European projects here (Chaps.   17    ,   18    ,   19    ,   20    ,   21     and   22    ) including: 
the differences in epistemological approaches of social and natural scientists; the 
need for large and/or multi-scale sites; the importance of stakeholders as well as 
researchers to LTSER; data management issues; shortages of long-term funding and 
the competition for funding among scientists; and coordination between practitioners 
and academics, with the latter group much more focused on data reliability and 
validity than the former. 

 Curiously, some of the projects discussed in this section evolved from pre-existing 
collaborations and these seemed to go more smoothly than, for example, the  fi rst 
Austrian LTSER in Eisenwurzen (Peterseil et al., Chap.   19    ), which had to be developed 
from scratch. In addition, the Finnish project drew from its active history of inter-
disciplinary sustainability research especially in the area of environmental social 
science. The US cases, too, involved longer term participation by social scientists 
prior to project formation as well as multi-year funding commitments which also 
contributed to the positive experiences recorded there. 

 Haas et al. (Chap.   22    ) uses the insights of transdisciplinary studies in a case that 
includes engaging civil society from the outset to reveal a potential solution to a 
tourism problem. The subject of that study, the alpine “Gurgler Kamm” Biosphere 
Reserve, has been transitioning from agriculture to tourism for 35 years. The study 
reveals that while the summer tourism capacity is currently under-utilised, the winter 
capacity is facing potential resource and infrastructure constraints if winter tourism 
grows. Rebalancing winter and summer tourism, though complex, could reduce 
strains on resources and infrastructure. 

http://dx.doi.org/10.1007/978-94-007-1177-8_10
http://dx.doi.org/10.1007/978-94-007-1177-8_16
http://dx.doi.org/10.1007/978-94-007-1177-8_17
http://dx.doi.org/10.1007/978-94-007-1177-8_18
http://dx.doi.org/10.1007/978-94-007-1177-8_19
http://dx.doi.org/10.1007/978-94-007-1177-8_20
http://dx.doi.org/10.1007/978-94-007-1177-8_21
http://dx.doi.org/10.1007/978-94-007-1177-8_22
http://dx.doi.org/10.1007/978-94-007-1177-8_19
http://dx.doi.org/10.1007/978-94-007-1177-8_22
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 A  fi nal lesson brings together themes discussed across the chapters and sections, 
including: (1) learning from history, (2) the value of tracing metabolic  fl ows, and 
(3) the importance of a socio-ecological framework. Returning to Chap. 12 and the 
story of the seeming richness of the Great Plains of the US, we see that overlooking 
an ecological understanding of agricultural history could lead to the misconception 
that farmers could endlessly achieve crop surpluses. Rather, farmers in the Great 
Plains circa 1880 were taking advantage of a vast quantity of “stockpiled soil nutrients” 
that would be washed away by the Depression years and later by substituting “oil 
for soil”, through the use of chemical fertilisers. 

 Indeed, many scholars are reinterpreting what had previously been seen as a 
march of history dominated by economics by applying the understanding of the 
enormous role ecology plays. Drawing from a newly published work, Charles 
Mann’s (2011) “1493: Uncovering the New World Columbus Created”, what 
Peruvian export, for example, was more in fl uential in altering European destiny 
following the Columbian Exchange: silver or potatoes? While the silver served to 
back up the currency, the introduction of potatoes allowed most of Europe to feed 
itself, thereby increasing political stability and providing “the fuel for the rise of 
Europe.” 

    23.1   Looking Ahead 

 There is enough evidence, as this volume has shown, to claim that efforts in LTSER 
science spanning over a decade are already in the process of convergence, bringing 
together what has been, thus far, fragmented scienti fi c and practical knowledge of 
the long-term dynamics of society-nature interactions. A cumulative understanding 
of these processes across space and time holds great promise in addressing sustain-
ability concerns on a  fi rmer footing, not only for scienti fi c analysis, but also in its 
appeal to policy. Already, LTSER appears to be gaining in substance and attention. 
As noted in Mirtl et al. (Chap.   17    ):

  With less than a decade of practical experience, LTSER Platforms are emerging as living 
laboratories for socio-ecological research and a major contributor of policy/management 
relevant knowledge.   

 Nonetheless, there are still challenges ahead. On a scienti fi c level, they relate to 
the further re fi nement and standardisation of LTSER concepts, methods and analytical 
tools and the need to test these in a wide range of settings. At the same time, there 
is an urgency to consolidating and broadening the existing LTSER community, not 
only in Europe and the US, but also to integrate scholars from other continents of 
the world, in particular, the emerging economies of Asia and Latin America. How 
these regions will organise their economic structure and development policies 
will determine future patterns of global resource use and sustainability. Stronger 
cooperation among such regions will be advantageous to LTSER especially since 
socio-ecological dynamics are not determined by activities and policies on any one 
scale, but are largely in fl uenced by and in return exert in fl uence upon other scales 

http://dx.doi.org/10.1007/978-94-007-1177-8_17
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through current global outreach and international division of labour. Expanding the 
network of LTSER Platforms (or the like) beyond Europe and the US will enrich our 
understanding of society-nature dynamics across space, scale and time and how 
these Platforms interrelate with one another. Finally, the need to enhance the visibility 
of LTSER research in social and policy  fi elds is critical for establishing an effective 
interface between science and practice. 

 Tappeiner et al. from the Tyrolean Alps LTSER Platform (Chap.   21    ) summarise 
well both the purpose and complexity of LTSER as follows:

  The challenge for long-term socio-ecological research (LTSER) lies in identifying precisely 
both the interactions between the socioeconomic systems and ecosystems and the impact 
this has on the natural environment and on society, due to direct local activities but also 
exogenous global change. At the same time, the challenge also involves using these  fi ndings 
to create adaptation strategies for ecologically sound, sustainable regional development.   

 Grappling with these multi-faceted challenges informs the opportunity to think 
ahead to topics needed for the next generation of LTSER at two levels, within and 
across LTSER platforms as discussed below. 

    23.1.1   Within LTSER Platforms 

     1.    Further understanding of the process of constructing inter- and transdisciplinary 
research, including whether the structure is more top-down or bottom-up as 
discussed in Furman and Peltola (Chap.   18    ).  

    2.    Proactively addressing what was described as the “forced marriage” in Lavorel 
et al. (Chap.   20    ) between ecologists, who have traditionally dominated LTER 
research, and social scientists.  

    3.    For urban LTSER, embracing the shift from a mode of Ecology  in  Cities to an 
Ecology  of  Cities as discussed by Grove et al. (Chap.   16    ), recognising that cities 
are not simply “urban and non-urban areas”, but distinct ecosystems.      

    23.1.2   Across LTSER Platforms 

     1.    Coordinating across LTSER Platforms focusing on lessons learned and the beginning 
of meta-analyses and increased cross-scalar research.  

    2.    Convening a group to consider what aspects of LTSER methodology can be 
standardised and protocols developed across projects to allow inter-site 
comparisons.  

    3.    Systematically examining how non-material changes in society, such as changes 
in the system of meaning, or shared expectations, legal regulation, currency or 
cultural heritage affect physical and social outcomes at LTSER Platforms.  

http://dx.doi.org/10.1007/978-94-007-1177-8_21
http://dx.doi.org/10.1007/978-94-007-1177-8_18
http://dx.doi.org/10.1007/978-94-007-1177-8_20
http://dx.doi.org/10.1007/978-94-007-1177-8_16
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    4.    Developing models to generalize from results derived within LTSER Platforms 
to larger (regional or even global) scales, as well as scenario development as a 
means of informing policies not only at local (as in Gaube and Haberl, Chap.   3    ) 
but also at broader scales.     

 Within a short period of time, LTSER has come a long way and there are reasons to 
believe that this emerging  fi eld of research has contributed richly to the  fi eld of 
global environmental change. These efforts, however, need to be honed and expanded 
to be useful in a wide range of settings and societal dynamics to enhance its appli-
cability and ef fi cacy. We hope that this volume in its effort to crystallise some of 
the relevant streams in LTSER is a leap forward and will serve to provide further 
impetus in this direction.        

http://dx.doi.org/10.1007/978-94-007-1177-8_3


563S.J. Singh et al. (eds.), Long Term Socio-Ecological Research, 
Human-Environment Interactions 2, DOI 10.1007/978-94-007-1177-8, 
© Springer Science+Business Media Dordrecht 2013

  Weslynne Ashton  (Ph.D. in Environmental Studies) is an assistant professor of 
environmental management and sustainability at the Illinois Institute of Technology 
in Chicago, USA. Her research and teaching focus on corporate sustainability, 
industrial ecology, social entrepreneurship and sustainable industrial development. 
She previously worked as an associate research scientist and lecturer at Yale 
University, with visiting scholar appointments at the National University of 
Singapore and The Energy and Resources Institute (TERI) University in India. She 
has also worked extensively in the Caribbean, as well as in Hawaii and India. 
Contact: washton@iit.edu 

  Michael Bahn  is an associate professor at the Institute of Ecology of the University 
of Innsbruck, Austria. His research focus is on linking plant, soil and ecosystem 
processes in a global change context. He has co-edited a book on soil carbon dynam-
ics (Cambridge) and is an editor of the journal Biogeosciences. He has been prin-
ciple investigator/work package leader of several national and European projects, 
and has authored more than 50 peer-reviewed publications in international journals 
and books. He contributed to a recently published white paper on research perspec-
tives for LTER in Austria. Contact: michael.bahn@uibk.ac.at 

  Peter Bezák  (Ph.D. in Regional Geography) works at the Institute of Landscape 
Ecology, Slovak Academy of Sciences, Slovakia. His research interests include 
socio-ecological interactions in the landscape, landscape and biodiversity changes 
and driving forces behind these, landscape management and policy, sustainable 
development, participatory approaches in landscape and nature protection research. 
He participated in several research projects funded under EU Framework Programmes 
(EVALUWET, BIOSCENE, BIOPRESS, ALTER-NET) and he has monitored LIFE 
programme projects in Central and Eastern Europe dedicated to the support of the 
Natura 2000 sites. He is the main coordinator of the Landscape Europe network. 
Contact: peter.bezak@savba.sk 

          About the Contributors 



564 About the Contributors

  Sylvain Bigot  is Professor of Physical Geography at the Joseph Fourier University 
(Grenoble, France) and Researcher in the LTHE (Laboratory of study of Transfers in 
Hydrology and Environment). Specialised in climatology and in Remote Sensing, his 
experience is dedicated to climate variability diagnostics and land cover/land use moni-
toring in the French Prealps (Long-Term Ecological Research site) and in tropical 
Africa. Director of the international review Climatologie (publication of the International 
Association of Climatology) since 2006, his expertise is on global and regional climate 
teleconnections and environmental impacts. Contact: sylvain.bigot@ujf-grenoble.fr 

  Christopher Boone  (Ph.D. in Geography) is a professor with joint appointments in 
the School of Sustainability and the School of Human Evolution and Social Change 
at Arizona State University, USA. For more than a decade he has participated in the 
Long-Term Ecological Research programme in the United States. His work exam-
ines social and ecological drivers and consequences of urbanisation, with a special 
focus on environmental justice. Contact: cgboone@asu.edu 

  Axel Borsdorf  (Doctorate and Habilitation in Geography) is a full professor at the 
Geography Department of the University of Innsbruck and the director of the Institute 
for Mountain Research: Man and Environment of the Austrian Academy of Sciences 
at Innsbruck, Austria. He is also a full member of the Austrian Academy of Sciences 
and the Vice-President of the Austrian Latin-America Institute. Axel Borsdorf edits 
several scienti fi c journals and has led EU-funded projects on urbanisation, alpine 
development and mountain research. Contact: axel.borsdorf@uibk.ac.at 

  Stephen Boyden  obtained a degree in Veterinary Science in London in 1947. From 
1949 to 1965 he carried out research in immunology in Cambridge, New York, 
Paris, Copenhagen and Canberra. From 1965 onwards he pioneered human ecology 
and biohistory at the Australian National University. In the 1970s he directed the 
Hong Kong Human Ecology Programme. Since retirement in 1991 he has been 
actively involved in the work of the  Nature and Society Forum  – a community-based 
organisation concerned with the future wellbeing of humankind and the natural 
environment. He has published a series of books on human biohistory. Contact: 
sboyden@netspeed.com.au 

  Jean-Jacques Brun ( Ph.D.) is a research professor at Cemagref Grenoble Centre, 
France. Leader of the team “Ecosystem assessment and Conservation”, he works as 
a soil ecologist in a landscape ecological perspective. He focuses on soil biodiver-
sity in an above ground/below ground approach and studies the role of humus forms, 
organic matter and soil fauna as indicators of global change impact on mountain 
ecosystems. He is the current President of the International Committee on Alpine 
Research (ISCAR). He is project partner in the European INTERREG IV B project 
ECONNECT “Improving ecological connectivity in the Alps” and was involved in 
the Sixth European Framework Programme GLOCHAMORE (Global Change in 
Mountain Regions) which aims to develop an integrative working plan for environ-
mental and social monitoring in mountain regions that will facilitate the implemen-
tation of global change research strategies in selected UNESCO MAB Biosphere 
Reserves. Contact: jean-jacques.brun@cemagref.fr 



565About the Contributors

  Mary L. Cadenasso  (Ph.D. in Ecology) is an associate professor and ecologist in 
the Department of Plant Sciences at the University of California, Davis, USA, with 
research interests in landscape, ecosystem, and plant ecology speci fi cally focused 
on the role of spatial heterogeneity in system dynamics. She is involved in research 
on urban land cover and the link to ecosystem and hydrologic processes, urban 
agriculture and environmental justice, the in fl uence of vegetation structure on nitro-
gen dynamics in California oak savannas, and the structure and function of riparian 
zones in Kruger National Park, South Africa. She is co-principal investigator of the 
Baltimore Ecosystem Study Long-Term Ecological Research Project (BES), co-
principal investigator on the Fresno-Clovis Urban Long-Term Research Areas 
Exploratory Project and lead principal investigator on two projects in Sacramento 
investigating urban land cover and ecosystem services. Contact: mlcadenasso@
ucdavis.edu 

  Stephen R. Carpenter  (Ph.D. in Botany and Oceanography & Limnology) directs 
the Center for Limnology at the University of Wisconsin-Madison, USA. His 
research interests include integrated social-ecological analysis of watersheds, large-
scale and long-term  fi eld experiments, and early warnings of regime shifts. Currently, 
he is Chair of the Scienti fi c Committee for the Program on Ecosystem Change and 
Society, a new interdisciplinary initiative from the International Council of Science. 
Carpenter served as co-chair of the Scenarios Working Group of the Millennium 
Ecosystem Assessment, and as lead principal investigator of the North Temperate 
Lakes Long-Term Ecological Research Site. Contact: srcarpen@wisc.edu 

  Marian Chertow  (Ph.D. in Environmental Studies) is a professor of industrial envi-
ronmental management at the Yale University School of Forestry and Environmental 
Studies, USA. Her research and teaching focus is on industrial ecology, business/
environment issues, waste management, and environmental technology innovation. 
Her current research compares two urbanised socio-ecological systems on Hawai’i 
Island. She is also appointed at the Yale School of Management and the National 
University of Singapore. She serves on the National Advisory Council for 
Environmental Policy and Technology (NACEPT) that advises US EPA and is 
incoming President of the International Society of Industrial Ecology. Contact: mar-
ian.chertow@yale.edu 

  Daniel L. Childers  (Ph.D. in Marine Science) is a professor in the School of 
Sustainability at Arizona State University, USA. He is also director of the CAP 
LTER and co-director of the Urban Sustainability Research Coordination Network. 
His research focuses on systems ecology (primarily in wetland, aquatic, and urban 
ecosystems) and sustainability science. He has studied many different freshwater 
and estuarine systems around the world, recently expanding to urban wetlands and 
“ciénega” systems of arid southwestern streams. Dan came to ASU after 15 years at 
Florida International University, where he was director of the Florida Coastal 
Everglades LTER Program. Contact: dan.childers@asu.edu 



566 About the Contributors

  Philippe Cozic  is a research director and agronomist, specialised in agro-ecology 
of mountain pastures and in ecological engineering. His research is characterised by 
two main topics: applied and participative research implicating local mountain 
stakeholders, and interdisciplinary studies that he has conducted (ecology, econom-
ics, agronomy, forestry, geography) for a sustainable development of mountain ter-
ritories. For over 20 years he has managed several teams and research units of 
Cemagref (UR Ecosystèmes Montagnards, UR Agricultures et Milieux 
Montagnards). He has been co-founder and leader of the LTSER Central French 
Alps with Sandra Lavorel. Contact: philippe.cozic@hotmail.fr 

  Wolfgang Cramer  (Ph.D. in Vegetation Science, Professor of Global Ecology) has 
been working since 2011 at CNRS in France, and is Research Director of the newly 
created Mediterranean Institute for Biodiversity and Ecology (IMBE) in Aix-en-
Provence and Marseille, France. For 18 years, he helped establish the Potsdam 
Institute for Climate Impact Research in Potsdam, Germany, leading work on 
impacts on natural systems as well as on Earth system analysis. His work concerns 
modelling terrestrial ecosystem dynamics and the assessment of services provided 
by ecosystems under global change. He has had leading roles in several projects of 
the International Council of Science (currently as member of the Scienti fi c 
Committees of DIVERSITAS and PECS), has contributed to the IPCC (since its 
Second Assessment Report, currently as convening lead author for the WG2 Chapter 
on Detection and Attribution) and the Millennium Ecosystem Assessment, and now 
helps establish the Intergovernmental Panel on Biodiversity and Ecosystem Services 
(IPBES). Contact: wolfgang.cramer@imbe.fr 

  Geoff Cunfer  (Ph.D. in History) is an environmental historian of the North 
American Great Plains in the Department of History and School of Environment 
and Sustainability at the University of Saskatchewan, Canada. He directs the 
Historical GIS Laboratory where he researches agricultural land use, dust storms 
and wind erosion, material and energy  fl ows in agricultural landscapes, and histori-
cal geography. He holds a Ph.D. in U.S. History from the University of Texas and is 
the author of  On the Great Plains: Agriculture and Environment  (2005) and  As a 
Farm Woman Thinks: Life and Land on the Texas High Plains, 1890–1960  (2010). 
Contact: geoff.cunfer@usask.ca 

  Thomas Dirnböck  (Ph.D. in Botany) works at the Environment Agency Austria, 
mainly within Long-Term Ecosystem Research and Monitoring. Major research 
activities focus on ecosystem response to air pollution and climate change, and on 
modelling biodiversity changes as impacted by air pollutants, climate and land use 
impacts. He is national focal point for the UN/ECE task forces on Integrated 
Monitoring of Air Pollution Effects on Ecosystems (ICP IM) and on Reactive 
Nitrogen (TFRN). He was and is involved in a number of EU research and infra-
structure projects (EU Network of Excellence ALTER-Net, Life+ EnvEurope, 
EXPEER, LTER Europe) and was expert adviser in the EEA initiative, Streamlining 
European Biodiversity Indicators (SEBI2010). Contact: thomas.dirnboeck@
umweltbundesamt.at 



567About the Contributors

  Laurent Dobremez  is an agronomist researcher at Cemagref Development of 
Mountain Territories Research Unit, France. The main research question concerns 
how to reconcile environmental issues and agricultural objectives in farming sys-
tems. His  fi eld of activity is mountain agriculture and pastoralism, implementing a 
whole-farm approach, spatial organisation and agricultural practices analysis. 
Contact: laurent.dobremez@cemagref.fr 

  Stefan Dullinger  (Ph.D. in Ecology) is a professor of vegetation science at the 
Department of Conservation Biology, Vegetation and Landscape Ecology at the 
University of Vienna, Austria. He is a member of the Vienna Institute for Nature 
Conservation and Analyses. His research concentrates on analysing spatial patterns 
of plant species distribution and diversity, their origin and their possible dynamics 
under global change. He is currently involved in several projects focusing on pos-
sible impacts of climate warming on biodiversity and on the spatio-temporal spread 
of invasive organisms. Contact: stefan.dullinger@univie.ac.at 

  Karl-Heinz Erb  (Ph.D. in Ecology, Habilitation in Social Ecology) works at the 
Institute of Social Ecology, Vienna, Austria. His research focuses on interactions 
between humans and global environmental systems, global land system science, 
analysing changes in land use and land cover, and its consequences for ecosystem 
structures and functioning, e.g. carbon stocks and  fl ows. He is a member of the 
Scienti fi c Steering Committee of the Global Land Project, member of the Young 
Curia at the Austrian Academy of Sciences, and member of the Commission on 
Ecosystem Management (CEM) at The World Conservation Union (IUCN). In 
2010, he was awarded an ERC Starting Independent Researcher Grant by the 
European Research Council, for the project “Land Use Intensity from a Socio-
Ecological Perspective”. Contact: karlheinz.erb@aau.at 

  Brigitta Erschbamer  (Ph.D. and Habilitation in Botany) is professor at the Institute 
of Botany, Innsbruck, Austria. She is also scienti fi c director of the Alpine Research 
Centre Obergurgl. Her research concentrates on alpine ecology and population biol-
ogy. Her main projects have dealt with factors and processes governing colonisation 
in glacier forelands. A major focus of her research concerns diversity changes due 
to land use and climate changes. She is a partner in the worldwide project GLORIA 
(Global Observation Research Initiative in Alpine) Environments. Contact: brigitta.
erschbamer@uibk.ac.at 

  Marina Fischer-Kowalski  (Ph.D. in Sociology) is professor at the Alpen-Adria 
University, Austria, and founding director of the Vienna-based Institute of Social 
Ecology. Her research focus involves socio-economic metabolism, sustainability 
transitions, and the interdependence of core features of social systems with their 
nature relations, in a comparative perspective across time and space. She has been, 
 inter alia , Chair of the Scienti fi c Advisory Board of the Potsdam Institute of Climate 
Impact Research (PIK); currently, she is Vice President of the European Society for 
Ecological Economics and expert member of UNEP’s International Resource Panel. 
Contact: marina. fi scher-kowalski@aau.at 



568 About the Contributors

  Mark Frenzel  (Ph.D. in Ecology) is an animal ecologist at the Department of 
Community Ecology of the Helmholtz Centre for Environmental Research (UFZ), 
Germany. The main areas of his work are insect-plant interactions and permanent 
monitoring activities dealing with breeding birds and pollinating insects in the 
TERENO (Terrestrial Environmental Observatories) site Harz/Central German 
Lowland Observatory run by the UFZ. Furthermore he is engaged in cross-Euro-
pean networking in the  fi eld of LTER (Long-Term Ecosystem Research), with a 
special focus on selection of recommended parameters for LTER sites based on the 
Ecological Integrity concept. This is re fl ected in his leadership of related tasks in 
several recent EU projects (EnvEurope, EXPEER) and the Expert Panel 
Standardization and Technology of LTER-Europe. Contact: mark.frenzel@ufz.de 

  Ezekiel Fugate  (M.Sc. in Environmental Engineering) teaches environmental sci-
ence and physics at the Renaissance School and agro-ecology at CHEC in 
Charlottesville, USA. He is the founder of Full Hands Farm, an educational farm 
designed around industrial ecology principles and offering hands-on learning oppor-
tunities for children of all ages. In graduate school at Yale he studied water systems, 
dynamic modelling, and industrial ecology. Contact: ezekiel.fugate@gmail.com 

  Eeva Furman  (Ph.D. in Marine Biology) works at the Finnish Environment 
Institute, Helsinki, Finland as the director for the Centre for Environmental Policy. 
Her research interests include conceptualising and operationalising of ecosystem 
services as well as collaboration between cultures, research disciplines and stake-
holders in knowledge production for sustainability-driven decision-making. She 
chairs the Council of ALTER-Net (The European long term biodiversity, ecosystem 
and awareness research network) and the expert panel for socio-ecological research 
in LTER-Europe (long-term ecological research network). Contact: eeva.furman@
ymparisto. fi  

  Veronika Gaube  (Ph.D. in Social Ecology) works at the Institute of Social Ecology, 
Vienna, Austria. Her research focuses on sustainable rural and urban development 
and the impacts of multiparty decision-making on land use, material, substance and 
energy  fl ows at the regional level. Methodologically, she is experienced in interlink-
ages of spatially explicit (GIS) models, dynamic system models and agent based 
models for socio-ecological systems. Other research interests include the integra-
tion of socioeconomic and ecological parameters in land-use models, material, 
energy and substance  fl ow assessments in (agro) ecosystems. Recently she contrib-
uted to several projects involving participative approaches (“participative model-
ling”). Contact: veronika.gaube@aau.at 

  Simone Gingrich  (Ph.D. in Social Ecology) works at the Institute of Social Ecology, 
Vienna, Austria. Her research focus is on the biophysical dimensions of industriali-
sation. She has participated in several research projects quantifying material, energy 
and carbon  fl ows of different national economies. In addition, she is interested in 
inter- and transdisciplinary communication. She is member of the Centre for 
Environmental History in Vienna. Contact: simone.gingrich@aau.at 



569About the Contributors

  Markus Gradwohl  (M.Sc. in Ecology) is currently working on his Ph.D. in 
Environmental History at the Centre for the Study of Agriculture, Food and 
Environment, University of Otago, New Zealand. His main research interests are 
long-term changes in agricultural systems, development of material and energy  fl ows 
over time and transitional processes. Contact: grama999@student.otago.ac.nz 

  Ted L. Gragson  (Ph.D. in Ecological Anthropology) is professor and head of the 
Department of Anthropology at the University of Georgia, Athens, USA. His 
research centres on the behavioural and historical aspects of human-environment 
interaction and in particular disturbance processes over large temporal and spatial 
scales. He has conducted extensive  fi eld research in Lowland South America, the 
southern Appalachian Mountains and the north-facing Pyrenees. He is the lead prin-
cipal investigator of the Coweeta LTER in the southern Appalachian Mountains, a 
socio-ecological project examining the impact of exurbanisation and climate change 
on diverse ecosystem services. Contact: tgragson@uga.edu 

  Céline Granjou  (Ph.D. in Sociology) is tenured researcher at Cemagref-Irstea (Institute 
for Sciences and technologies in Agriculture and Environment), France. Her Ph.D. 
focuses on the normalisation of scienti fi c expertise for action on public sanitation and 
risk assessment in France. Her current research interests include the present transfor-
mations of environmental institutions and professions; the construction of a new 
research community on biodiversity in France since the end of the 1980s, focusing on 
changes in practices and cultures in scienti fi c ecology; on the current creation of IPBES, 
the International Platform on Biodiversity and Ecosystem Services. She currently coor-
dinates the project PAN-Bioptique, “the new institutions of biodiversity: inventorying, 
digitizing, expertising nature” (https://panbioptique.cemagref.fr), funded by the French 
National Agency for Research. Contact: celine.granjou@cemagref.fr 

  Nancy B. Grimm  (Ph.D. in Zoology) is a professor in Arizona State University’s 
School of Life Sciences, USA. She is currently on assignment to the US National 
Science Foundation as an interdisciplinary programme liaison, programme director in 
Ecosystem Science, and senior scientist with the US National Climate Assessment. An 
ecosystem scientist, she was the founding principal investigator of the Central Arizona–
Phoenix (CAP) LTER program, an interdisciplinary study of the Phoenix urban socio-
ecosystem, from 1997 to 2010. Her research focuses on ecology and biogeochemistry 
of desert, urban, and stream-riparian ecosystems, and integrating social and ecological 
thinking toward understanding urban socio-ecosystems. Contact: nbgrimm@asu.edu 

  J. Morgan Grove  (Ph.D. in Social Ecology) works for the Northern Research Station 
of the US Department of Agriculture Forest Service, USA. He is a research scientist 
and team leader of the Baltimore Field Station and a co-principal investigator of the 
Baltimore Ecosystem Study Long-Term Ecological Research Project (BES) and the 
District of Columbia – Baltimore City Urban Long-Term Research Areas Exploratory 
Projects (D.C.-B.C. ULTRA-Ex). Grove is the lead principal investigator for the 
social science research in BES and D.C.-B.C. ULTRA-Ex projects. He has worked 
in Baltimore since 1989, focusing in particular on the social and ecological dynamics 
of urban watersheds and residential land management. Contact: mgrove@fs.fed.us 



570 About the Contributors

  Willi Haas  (graduate engineer in mechanical engineering, science of management 
and ergonomics) works at the Institute of Social Ecology, Vienna, Austria. His 
research focuses on society-nature interactions at micro (local), meso (organisa-
tions) and macro (countries) level as well as scale interactions within the framework 
of sustainability. He pays special attention to both how to organise interdisciplinary 
research that deals with complex societal sustainability problems and how to make 
scienti fi cally researched insights effective in societal practice (transdisciplinary 
research). Contact: willi.haas@aau.at 

  Helmut Haberl  (Ph.D. in Ecology, Habilitation in Human Ecology) is the director 
of the Institute of Social Ecology, Vienna, Austria. His research interests include 
integrated land-change science, energy  fl ow analysis, sustainability indicators, 
integrated socio-ecological modelling, climate-change mitigation in land use and 
the study of long-term changes in society-nature interaction. He was lead author of 
two chapters in the Global Energy Assessment and currently serves as lead author 
of the land-use chapter in the IPCC’s Fifth Assessment Report. He has served on 
the Scienti fi c Committee of the European Environment Agency as well as the 
Scienti fi c Steering Committee of the Global Land Project. Contact: helmut.hab-
erl@aau.at 

  Gertrud Haidvogl ( Ph.D. in History) is senior scientist at the Institute of 
Hydrobiology and Aquatic Ecosystem Management, University of Natural 
Resources and Life Sciences, Vienna, Austria. Gertrud Haidvogl works especially 
on the environmental history of Austrian rivers with a focus on the development of 
riverine landscapes,  fi sh and  fi sheries as well as ecological conditions. Contact: 
gertrud.haidvogl@boku.ac.at 

  Sharon L. Harlan  (Ph.D. in Sociology) is on the faculty of the School of Human 
Evolution and Social Change and is a senior sustainability scientist in the Global 
Institute of Sustainability, Arizona State University, USA. Her research is about 
neighbourhood effects on environmental health disparities in cities. She directs a 
multi-year research and education project on urban vulnerability to climate change 
as a dynamic feature of coupled natural and human systems. She is a member of the 
Research Applications Laboratory Advisory Panel, National Center for Atmospheric 
Research and the American Sociological Association Task Force on Global Climate 
Change. Contact: sharon.harlan@asu.edu 

  Severin Hohensinner  (Ph.D. in Landscape Ecology/Planning) has been a research 
assistant at the University of Natural Resources and Life Sciences Vienna, Austria, 
since 2001, with a focus on the reconstruction of historical river/ fl oodplain hydro-
morphology and morphodynamic processes. His speci fi c scienti fi c interest is on the 
historical development of the Danube in the context of applied river restoration 
projects. The results of his studies contribute to the identi fi cation of historical living 
conditions of the biocoenoses in riverine ecosystems. Contact: severin.hohensin-
ner@boku.ac.at 



571About the Contributors

  Fridolin Krausmann  (Ph.D. in Human Ecology, Habilitation in Social Ecology) 
works at the Institute of Social Ecology, Vienna, Austria. In his research he focuses 
on socio-ecological transition processes. He has studied changes in socioeconomic 
use of energy, materials and land during the last centuries in local rural and urban 
systems, national economies and at the global scale. His work has also contributed 
to the development of methods of socio-ecological research (e.g. material  fl ow anal-
ysis, human appropriation of net primary production) and their adaptation for appli-
cation in environmental history. Contact: fridolin.krausmann@aau.at 

  Sandra Lavorel  is Director of Research at the Center for National Scienti fi c 
Research (CNRS) Grenoble, France, and is an ecologist with training in agronomy 
and ecological science. Her research focuses on global change impacts on ecosys-
tems and ecosystem services. Her current projects seek to advance two directions: 
 fi rstly, understanding how ecosystem services contribute to the coupling of the 
human-environment system, both as expressions of responses of ecosystems to 
human-related forcings and as components of human decision-making in response 
to environmental change: secondly, projecting the impacts of adaptation of land use 
and management to climate change on ecosystems and their services. These inter-
disciplinary projects are conducted on long-term research sites. Contact: sandra.
lavorel@ujf-grenoble.fr 

  Hermann Lotze-Campen  (Ph.D. in Agricultural Economics) studied Agricultural 
Sciences and Agricultural Economics in Kiel (Germany), Reading (UK) and 
Minnesota (USA). In a previous position at Astrium/InfoTerra, a European space 
company, he developed applications of satellite remote sensing information for 
agricultural statistics and large-scale modelling, precision farming and forestry. At 
the Potsdam Institute for Climate Impact Research he leads a research group on 
global land use modelling. Major topics are the interactions between climate change 
and food production, land and water use, bioenergy production and technological 
change in agriculture. Contact: lotze-campen@pik-potsdam.de 

  Isabelle Mauz  (Ph.D. in Sociology) works at the National Research Institute for 
Environmental and Agricultural Sciences and Technologies, in Grenoble, France. 
Her research is grounded in empirical surveys and draws mainly on environmental 
sociology and science and technology studies. It aims to grasp and analyse the evo-
lution of the work of nature scientists and nature managers in the biodiversity era. 
She is particularly interested in interactions and exchanges between these two pro-
fessional groups. Contact: isabelle.mauz@cemagref.fr 

  Michael Mirtl  (M.Sc. in Environmental engineering, Ph.D. in Ecology) heads the 
Department for Ecosystem Research and Monitoring at the Environment Agency 
Austria. As focal point for the UNECE Integrated Monitoring of Air Pollution 
Effects on Ecosystems, his work focused at the monitoring and assessment of 
critical deposition loads, including the development of object-relational informa-
tion systems and ontologies. He has undertaken conceptual work on the integra-
tion of ecological and socioeconomic research in LTSER since 2003 and is 



572 About the Contributors

co-initiator of LTER-Austria (Chair since 2008) and the Eisenwurzen LTSER 
Platform, and goal lead for LTER in ALTER-Net. He is also the  fi rst chairman 
(since 2007) of LTER-Europe, with 400 sites in 21 countries. Contact: michael.
mirtl@umweltbundesamt.at 

  Baptiste Nettier  is an agronomist. He studies farming systems transformations in 
response both to a changing environment (such as the increase of climatic and eco-
nomic uncertainties, new social demands, etc.) and to internal issues (resolving 
work problems or developing new projects). He mainly focuses on mountain agri-
culture and pastoralism, and he studies farm functioning viewed from the forage 
perspective. He is interested in the conditions for integration of environmental issues 
on farm management and investigates ways to reconcile biodiversity preservation 
with the production function of the farms. Contact: baptiste.nettier@cemagref.fr 

  Angelika Neuner  (M.Sc. in Environmental Science, majoring in Geography) is at 
the University of Graz, Austria. Since 2005, she has worked in the  fi eld of environ-
mental education and education for sustainable development both in Great Britain 
and Austria. From 2007 to 2010 she carried out project management for the 
Eisenwurzen LTSER Platform and research assistance in the Network of Excellence 
ALTER-Net, LTER-Europe and LTER-Austria at the Environment Agency Austria. 
In 2011, she became coordinating editor within the Joint Programming Initiative 
 Climate Knowledge for Europe  at the University of Natural Resources and Life 
Sciences, Vienna. Since 2007, she has been a board member of Gartenpolylog asso-
ciation, initiating and implementing communal urban gardening projects in Vienna. 
Contact: angelika . neuner @ umweltbundesamt .at  

  Daniel E. Orenstein  is Senior Lecturer in the Faculty of Architecture and Town 
Planning at the Technion – Israel Institute of Technology, Israel. His research and 
teaching focuses on social assessment of ecosystem services, the dynamics and 
implications of urban sprawl, and environmental and land-use policy. He is also a 
researcher with the Israel Long-Term Ecological Research (LTER) Network, assist-
ing in the establishment of Israel’s LTSER Platforms in the Dead Sea/Arava Valley, 
and in the Northern Negev Desert and a member of the European LTER expert com-
mittee on socio-ecological research. Contact: dorenste@tx.technion.ac.il 

  Taru Peltola  (Ph.D. in Environmental Policy) works at the Finnish Environment 
Institute, Joensuu, Finland. Her research interests include knowledge practices in 
natural resource policy, human-animal cohabitation and transition of natural 
resource use. Her current ethnographic  fi eldwork focuses on the integration of eco-
logical knowledge into forestry in Finland. She is on the management board of 
ALTER-Net (The European Long-Term Biodiversity, Ecosystem and Awareness 
Research Network). Contact: taru.peltola@ymparisto. fi  

  Johannes Peterseil  (Ph.D. in Ecology/Landscape Ecology). Since 2003 he has 
worked as senior expert at the Environment Agency Austria. The main  fi elds 
of activity are long-term ecosystem monitoring (UNECE ICP Integrated 
Monitoring), the development of monitoring systems on the national as well as 



573About the Contributors

the European scale (Framework Programme 7 EBONE), and data management 
and knowledge transfer using semantics. Currently he leads the Expert Panel on 
Information Management of LTER-Europe. Contact: johannes.peterseil@
umweltbundesamt.at 

  Steward T. A. Pickett  (Ph.D. Botany) is a Distinguished Senior Scientist and plant 
ecologist at the Cary Institute of Ecosystem Studies, in Millbrook, New York, USA. 
He directs the Baltimore Ecosystem Study Long-Term Ecological Research pro-
gramme. His research focuses on the ecological structure of urban areas and the 
temporal dynamics of vegetation. In addition to his work in Baltimore, research has 
taken him to the primary forests of western Pennsylvania, the post-agricultural 
old fi elds of New Jersey, and the riparian woodlands and savannas of Kruger National 
Park, South Africa. He has edited or written books on ecological heterogeneity, 
humans as components of ecosystems, conservation, the linkage of ecology and 
urban design, and the philosophy of ecology. Contact: picketts@caryinstitute.org 

  Charles L. Redman  (Ph.D. in Anthropology) is the Virginia Ullman Professor of 
Natural History and the Environment and works at the School of Sustainability, 
Arizona State University, USA. His research focuses on the integration of social and 
ecological perspectives, the dynamics underlying rapid urbanisation, the long-term 
aspects of human impacts on the environment and the application of resilience the-
ory. He has conducted archaeological research in the Near East, North Africa and 
the American Southwest as well as co-directing contemporary interdisciplinary 
projects in Central Arizona. He was co-director of the CAP LTER from 1997 to 
2010. Contact: Charles.redman@asu.edu 

  Stephan Redpath  is Professor and chair of Conservation Science at the Aberdeen 
Centre for Environmental Sustainability (ACES), University of Aberdeen, UK. His 
core research interests lie in ecology and conservation. He focused on long-term 
and large-scale  fi eld systems, using experiments to tease out the impact of popula-
tion processes and land use on individual behaviour, populations and communities. 
Much of this work has taken place within the uplands of Great Britain. Within ACES 
he is linking natural, social and physical sciences together with policy makers and 
stakeholders to tackle key research questions in environmental sustainability. 
Contact: s.redpath@abdn.ac.uk 

  Karl Reiter  (Ph.D. in Botany) works at the Department of Conservation Biology, 
Vegetation and Landscape Ecology, Vienna, Austria. His research interests are 
focused on vegetation distribution modelling, sampling design based on GIS tools, 
de fi nition of landscape-types in alpine environments, classi fi cation of landscapes to 
landscape-types by the use of digital spatial decision systems and planning and 
zonation of biosphere reserves. He is member of the core team of the international 
GLORIA programme. Contact: karl.reiter@univie.ac.at 

  Martin Schmid  (Ph.D. in Environmental History) is head of the Centre for 
Environmental History at the Institute of Social Ecology, Vienna, Austria. As an 
environmental historian, he takes a genuinely interdisciplinary approach that crosses 



574 About the Contributors

the great divide between natural sciences and the humanities. He has been involved 
in the development of theories and concepts for such an interdisciplinary environ-
mental history with conceptual frameworks like “socio-natural sites”. He has pub-
lished on the long-term history of agro-ecosystems, on changing cultural attitudes 
towards nature in early modern times and on the environmental history of Austria 
after World War II. Currently he is working on an environmental history of the 
Danube from 1500 onwards. Contact: martin.schmid@aau.at 

  Simron Jit Singh  (Ph.D. in Human Ecology) is assistant professor at the Institute 
of Social Ecology, Vienna, Austria. His research focuses on the theoretical, concep-
tual and empirical aspects of society-nature interactions across time and space 
within the framework of sustainability and development discourses. He has con-
ducted extensive  fi eld research in the Indian Himalayas and the Nicobar Islands in 
the Bay of Bengal. He is on the management board of Europe’s Network of 
Excellence – ALTER-Net (A Long Term Biodiversity, Ecosystem and Awareness 
Research Network) and deputy leader of LTER-Europe’s expert panel on Long-
Term Socio-Ecological Research (LTSER). Contact: simron.singh@aau.at 

  Barbara Smetschka  (M.A. in Social Anthropology, post-graduate degree as 
“Science communicator”) works at the Institute of Social Ecology, Vienna, Austria. 
Her research interests include gender and sustainability studies, time-use studies, 
integrated socio-ecological modelling, participatory research and inter- and trans-
disciplinary research. She has experience with participatory modelling in transdis-
ciplinary research projects, where time-use serves as an integrating concept. She is 
teaching competencies for inter- and transdisciplinary sustainability research. 
Contact: barbara.smetschka@aau.at 

  Thomas Spiegelberger  (Ph.D. in Biology) is interested in conserving grassland 
biodiversity in mountain regions. He has participated in several projects on the 
effect of land-use changes on vegetation and plant-soil interactions. He has 
developed sound knowledge in construction and exploiting long-term observa-
tional data sets and works on the impact of climate change on the dynamics of 
mountain grassland vegetation. Particularly interested in long-term observations 
and vegetation dynamics including invasive species, he has work on both above-
ground (vegetation composition, impact of fertiliser and C-addition) and below-
ground diversity (soil microbial communities, mycorrhizae). At present he is 
co-chair of the Northern French Alps LTSER Platform. Contact: thomas.spiegel-
berger@ep fl .ch 

  Andrea Stocker-Kiss , (M.Sc. in ecology with special focus on vegetation and land-
scape ecology) was involved in several national and international projects at the 
University of Vienna until 2007. Since 2006, she has worked at the Department of 
Ecosystem Research and Monitoring of the Environment Agency Austria. Her main 
task is the management of the Eisenwurzen LTSER Platform. Current activities also 
involve assistance in LTER-Austria, LTER-Europe and projects at the Zöbelboden 
LTER Site. Contact: Andrea.Stocker-Kiss@umweltbundesamt.at 



575About the Contributors

  Ulrike Tappeiner  (Ph.D. in Biology/Informatics, Habilitation in Ecology) is Full 
Professor at the Institute of Ecology of the University of Innsbruck and head of the 
Institute of Alpine Environment at the European Academy Bozen/Bolzano, Italy. 
She carries out ecological research in mountain environments on various temporal 
and spatial scales ranging from ecosystem to landscape level with a special focus on 
global change, ecosystem services, and sustainable development. She has been prin-
cipal investigator and work package leader in several EU and nationally funded 
projects and has authored more than 70 peer-reviewed publications in international 
journals and books. Contact: ulrike.tappeiner@uibk.ac.at 

  Wilfried Thuiller  (Ph.D. in Biology) is a senior research scientist at the Laboratoire 
d’Ecologie Alpine (LECA, CNRS), France, and has major interests in global change 
biology, community ecology and species co-existence and functional ecology. Part 
of his research focuses on the developments of eco-evolutionary models of biodi-
versity to provide more reliable estimates of the effects of global environmental 
changes on biodiversity. Contact: wilfried.thuiller@ujf-grenoble.fr 

  Justin Travis  (Ph.D. in Theoretical Spatial Ecology) works at the Institute of 
Biological and Environmental Sciences, Aberdeen, UK. His group uses models to 
study the population and evolutionary dynamics of spatially structured populations. 
Current work focuses on: (1) developing models of invasions that incorporate 
increased biological and environmental detail such as genetics and habitat variabil-
ity; (2) understanding the dynamics of populations living at biogeographic range 
margins; and (3) using models to inform the development of management strategies 
for spatially structured populations, especially range-expanding and range-shifting 
species. Contact: justin.travis@abdn.ac.uk 

  Billie L. Turner II  (Ph.D. in Geography) works in the School of Geographical 
Sciences and Urban Planning and in the School of Sustainability at Arizona State 
University, USA. His research specialty is land-change science, applied to themes 
from the ancient Maya, to tropical agriculture, to contemporary deforestation. He 
has conducted extensive  fi eld research in Latin America, especially in the Yucatán 
Peninsula, Africa, and Bangladesh. He currently sits on the scienti fi c committees of 
the Global Land Project and DIVERSITAS. Contact: billie.l.turner@asu.edu 

  Ariane Walz  (Ph.D. in Natural Sciences) works at the Potsdam Institute for Climate 
Impact Research (PIK), Germany. Her research focuses on human-environmental 
systems with an emphasis on investigations of land-use pressures, participatory 
approaches to scenario analysis, and changes in ecosystem services. During her 
time at the WSL Institute for Snow and Avalanche Research SLF, she has conducted 
much of her research in the Swiss and Austrian Alps, and recent research increas-
ingly addresses European and global scale problems. Contact: ariane.walz@pik-
potsdam.de 

  Ali Whitmer  (Ph.D. in Botany) works for Georgetown University, USA. Her schol-
arly interests are in population and urban ecology, science literacy and environmen-
tal justice. She is the lead principal investigator of the District of Columbia – Baltimore 



576 About the Contributors

City Urban Long Term Research Areas Exploratory Projects (D.C.-B.C. ULTRA-Ex) 
and a co-principal investigator on a sustainability-focused Research Coordination 
Network (RCN) and the Environmental Literacy Math-Science Partnership (MSP) 
project. Whitmer is the lead for education research and programmes in the Santa 
Barbara Coastal Long Term Ecological Research (SBC LTER) programme. Contact: 
whitmer@georgetown.edu 

  Sander M. J. Wijdeven  (M.Sc. in Forest Ecology) is researcher at ALTERRA, 
Wageningen. His main  fi eld of interest is in forest dynamics and disturbance in rela-
tion to management and diversity. Some recent activities include  fi eld and model-
ling studies on spontaneous forest developments vs. contrasting management 
regimes, and projects on forest dynamics, dead wood and natural regeneration. 
Contact: sander.wijdeven@wur.nl 

  Martin Wildenberg  (Ph.D. in Social Ecology) leads the team on sustainable devel-
opment at GLOBAL 2000/Friends of the Earth Austria, in Vienna, Austria. His 
current work focuses on the development and use of sustainability indicators in food 
supply chains with the aim to increase the sustainability of the mass-market. He 
previously worked at the Institute of Social Ecology on participatory and integrated 
modelling. He participated in the ALTER-Net project and co-developed FCMappers, 
the  fi rst freely available software to analyse fuzzy cognitive maps (www.fcmappers.
net). He is interested in the dynamics of social-ecological systems and transdisci-
plinary approaches. Contact: martin.wildenberg@global2000.at 

  Verena Winiwarter  (Ph.D. in History, Habilitation in Human Ecology) is Professor 
for Environmental History at the Institute of Social Ecology, and Head of the Centre 
for Environmental History, Vienna, Austria. Her research interests include environ-
mental history of agrarian societies (with particular interest in knowledge about 
soils in these societies), environmental history of river systems, theory and method-
ology of environmental history, epistemology of interdisciplinary research. Contact: 
verena.winiwarter@uni-klu.ac.at 

  Donald Worster  currently holds the Hall Distinguished Professorship Chair in 
American History at the University of Kansas, USA. Formerly the president of the 
American Society for Environmental History, he is president-elect of the Western 
History Association and an elected member of the Society of American Historians 
and the American Academy of Arts and Sciences. His principal areas of research 
and teaching include North American and world environmental history and the his-
tory of the American West. Among his books are: A Passion for Nature, Rivers of 
Empire, Dust Bowl, and Nature’s Economy. Contact: dworster@ku.edu 

  Karl S. Zimmerer  (Ph.D. in Social-Ecological Geography) is in the Department of 
Geography and global sustainability programmes at Pennsylvania State University, 
USA. His research and teaching focus is on: agrobiodiversity and global change 
(Environment and Resources, 2010); the conservation-agriculture interface (Latin 
American Research, 2011); and landscape-based social-ecological models (Knowing 



577About the Contributors

Nature, Transforming Ecologies, 2011). He has published four books – most 
recently, Globalization and New Geographies of Conservation (2006) – and more 
than 70 scienti fi c and scholarly articles and chapters, and he has held faculty appoint-
ments in geography, anthropology, and environmental science at the University of 
North Carolina at Chapel Hill, University of Wisconsin—Madison, and Yale 
University. Contact: ksz2@psu.edu         



579

     Index 

       A 
  Agent-based modelling , 13, 15, 56, 58–60, 66, 

68, 71, 72, 131, 132, 556   
  Agrarian-industrial transition , 19, 99, 340   
  Agrarian sociometabolic regime , 35, 340, 

342, 345   
  Agricultural history , 18, 472, 559   
  Agrobiodiversity , 179   
  Agro-ecological system , 273, 283, 299   
  Agro-ecology , 274, 488   
  A Long-Term Biodiversity and Ecosystem 

Research and Awareness network 
(ALTER-Net) , 10, 11, 411, 413, 
419, 420, 432, 444, 445, 450, 467, 
468, 475, 487   

  Alpine National Botanical Conservatory 
(CBNA) , 493, 496, 497   

  Alpine Research Centre Obergurgl , 535, 
536, 539   

  Alpine Space–Man and Environment, 
University of Innsbruck , 507   

  Alpine Timberline Research Station 
Patscherkofel (Klimahaus) , 515   

  Alpine tourism , 501   
  Alpine tourism, impact of climate change 

upon , 486, 501–502   
  ALTER-Net.    See  A Long-Term Biodiversity 

and Ecosystem Research and 
Awareness network (ALTER-Net)  

  Altitudinal belts, alpine landscape , 300, 
513   

  Andean watersheds of the upper Amazon , 
168, 176–179   

  Andes , 165–181   
  ANDROSACE (plant functional trait 

database) , 493, 496   
  Anthropogenic climate change , 150, 151, 414   

  Anthropology 
 contribution to LTSER research , 6, 17, 

155, 170, 191–210, 519  
 as problem-oriented discipline , 17, 

196–199   
  Applied interdisciplinary research , 411   
  Area productivity , 263, 279, 281, 283, 

285–287, 291, 309, 349   
  Arrangements , 16, 18, 105–108, 111–119, 

141, 142, 153, 154, 159, 297–311, 
472, 551   

  Austria-Hungary , 108, 270, 271, 273   
  Austria, sociometabolic transition of , 39    

  B 
  Baltimore Ecosystem Study (BES) , 19, 220, 

238, 369–402   
  Behavioural decisions, and ecosystem 

change , 194   
  BES.    See  Baltimore Ecosystem Study (BES)  
  BES data temple , 395   
  Biodiversity 

 conservation , 125, 126, 128, 131, 133, 
173, 490  

 hotspot , 117, 176, 180  
 human impact upon , 237  
 loss , 14, 16, 30, 33, 55, 124, 152, 462, 

501, 538  
 management , 126–128, 131, 450, 491   

  Biogeochemical cycles , 30, 33, 38, 224, 233, 
234, 344, 360, 514, 515, 517, 520   

  Biogeophysical processes , 132   
  Biohistory , 16, 139–160   
  Biohistory-conceptual framework , 142, 143   
  Biometabolism , 149–150   
  Biophysical  fl ows , 31, 32, 34–36, 45   

S.J. Singh et al. (eds.), Long Term Socio-Ecological Research, 
Human-Environment Interactions 2, DOI 10.1007/978-94-007-1177-8, 
© Springer Science+Business Media Dordrecht 2013



580

  Biophysical processes , 140, 166, 491   
  Biophysical structures of society , 33, 56, 57   
  Biorealism , 143   
  Biosensitive society , 16, 152–154, 160   
  Bolivia , 176–178, 180, 181    

  C 
  Cadastral records , 261, 279, 308   
  Cadastre , 276   
  CAP LTER.    See  Central Arizona–Phoenix 

Long-Term Ecological Research 
programme (CAP LTER)  

  Carbon accounting , 33, 40, 41   
  Carbon balance , 40, 41, 43, 219, 234   
  Carbon capture and storage (CCS) , 399   
  Carbon cycle , 33, 394, 486, 495, 509, 520   
  Carpenter’s table 

 experimentation, comparative analyses, 
modelling , 19, 393–395  

 long-term monitoring , 393–395   
  Cary Institute of Ecosystem Studies , 370–372   
  Causal loop model , 44   
  CBD.    See  Convention of Biodiversity (CBD)  
  CBNA.    See  Alpine National Botanical 

Conservatory (CBNA)  
  CCS.    See  Carbon capture and storage (CCS)  
  Census , 126, 207, 222, 224, 251, 271–273, 

277, 279, 319, 326, 387, 389, 390, 
418, 430   

  Central Arizona–Phoenix Long-Term 
Ecological Research programme 
(CAP LTER) , 17, 217–239, 372, 557   

  Central Arizona-Phoenix SES , 224   
  Central French Alps LTSER , 20, 487–495, 

498–502   
  Centre for Environmental History, Vienna , 105   
  Centre of Competence for Forest, Environment 

and Society (Finland) , 449   
  Chains of explanation , 166   
  Changes in land use and climate , 21, 61, 

203, 493   
  Chloro fl uorocarbons, ban on , 359   
  Cities 

 in arid lands (or arid-land cities) , 228  
 as dominant global human habitat , 373  
 ecological ef fi ciencies , 373, 374, 385  
 environmental impact of , 17, 374  
 relation to resource-providing hinterland , 

78, 248  
 as socio-ecological systems , 78, 218, 

238, 248  
 vulnerability to climate change , 223, 374   

  Climate change and spatial/temporal 
variation , 12   

  Climate change deniers , 147   
  CO 

2
  enrichment , 345   

  Co-evolutionary process between natural and 
human systems , 322, 324   

  Cognitive anthropology , 199, 206   
  Collective action , 159, 192, 198   
  Colonisation of natural processes , 57   
  Colonisation of natural systems , 83   
  Colonisation of nature , 340, 342   
  Comparative research , 17, 18, 192, 193, 

207, 208   
  Complexity in social-ecological systems , 377   
  Conceptual framework for urban SES , 

220–223, 238   
  Controlled solar energy system , 341, 343   
  Convention of Biodiversity (CBD) , 30, 124, 126   
  Coordination Group for Environmental 

Research (Finland) , 451, 452   
  Coupled dynamics of alpine ecosystems 

and society , 491   
  Coupled human-environment interactions , 

16, 165–167, 175, 177, 179   
  Coupled human-environment system , 18, 273, 

316, 489   
  Coupled social-ecological systems , 166, 412   
  Coupled socio-environmental resource 

systems , 171   
  Coupling of socio-ecological activity, tighter/

looser , 316, 321–325   
  Coweeta LTER project, Southern 

Appalachia 
 ecosystem diversity , 203  
 land use, land cover change , 203  
 Water quantity, water quality , 203   

  Critical ecosystem services , 422, 423, 
425–427   

  Cross-cultural comparison 
 anthropology as , 200–201   

  Cross-disciplinary research 
 contribution to LTSER , 191   

  Cross-scale interaction , 125, 129   
  Cross-scale research , 17, 192, 207, 208   
  Cultural adaptation , 146   
  Cultural anthropology , 82, 194   
  Cultural-historical ecology , 172   
  Cultural maladaptation , 16, 145, 146, 151–152   
  Cultural models , 199   
  Cultural reform , 146–147, 154    

  D 
  Danube-Black Sea Canal , 117   
  Danube Delta , 434   
  Danube Environmental History Initiative 

(DEHI) , 104, 105   

Index



581

  Danube River Basin (DRB) , 103–120   
  DEC.    See  Domestic energy consumption 

(DEC)  
  Decision trees , 62, 63, 69, 424   
  De-growth concept , 362   
  DEHI.    See  Danube Environmental History 

Initiative (DEHI)  
  Deliberative processes , 197   
  Department of Ecosystem Research and 

Monitoring, Umweltbundesamt , 469   
  Differentiated temporal scaling , 168, 175   
  Disamenities , 219, 223, 235, 384   
  Disciplinary research, contribution to LTSER , 

190, 191   
  District of Columbia/Baltimore City Urban 

Long-Term Ecological Research Area 
 exploratory Project (DC-BC ULTRA-Ex 

Project) , 370   
  Diversity indices , 540   
  Domestic energy consumption (DEC) , 249, 

253, 254, 256, 264   
  DRB.    See  Danube River Basin (DRB)  
  Drivers of long-term change , 220   
  Dürnstein wilderness area , 465   
  Dynamics of socio-ecological change , 316, 

330–333    

  E 
   Early farming phase  , 144   
   Early urban phase  , 144   
  Ecological footprint analysis , 374   
  Ecologically scaled landscape indices 

(ELSIs) , 130   
  Ecological modelling , 130, 131   
  Ecological phases , 143–145, 148, 150, 152   
  Ecology  in  cities , 19, 376–377, 385, 560   
  Ecology  of  cities , 19, 248, 376–377, 383, 

385, 387, 560   
  Ecosystem and landscape services , 519   
  Ecosystem functioning , 37, 222, 318, 419   
  Ecosystem health needs , 156, 158   
  Ecosystem metabolism of cities , 219   
  Ecosystem processes , 9, 208, 209, 218, 222, 

224–225, 227, 273, 279, 289, 412, 413, 
471, 494, 516, 518–519   

  Ecosystem research , 429, 462, 469, 473, 474, 520   
  Ecosystem services 

 sustainable use of , 8, 104, 410, 414, 
466–467, 544   

  Ecosystem structure and function , 13, 218, 
220, 222, 223, 238, 382, 410, 557   

  Ecosystem transformation 
 risks of , 223, 238, 353, 447, 466, 

516, 518   

  Ecrins National Park , 488, 490, 493, 496   
  EFA.    See  Energy  fl ow analysis (EFA)  
  eHANPP.    See  Embodied HANPP 

(eHANPP)  
  EIA.    See  Environmental impact assessment 

(EIA)  
  Eisenwurzen 

 biophysical characteristics , 464  
 land-cover characteristics , 463, 464   

  Eisenwurzen LTSER Platform , 13, 
19–20, 59, 298, 299, 418, 422–426, 
461–482   

  ELSIs.    See  Ecologically scaled landscape 
indices (ELSIs)  

  Embodied HANPP (eHANPP) , 39, 40   
  Energy  fl ow analysis (EFA) , 14, 17, 32, 33, 

35, 298, 301   
  Energy history , 33   
  Energy procurement , 112   
  Energy return on investment (EROI) , 35, 39, 

43, 342   
  Energy sink 

 agriculture as an , 355   
  Energy transition , 253–255, 257, 260, 261, 

264, 345   
  Energy use by humankind , 341   
  Environmental administration , 125, 446, 

448, 453   
  Environmental anthropology , 3–6, 13, 17, 168, 

170, 172, 176, 192, 195–196, 198, 200, 
201, 209, 556   

  Environmental geography , 1–3, 5, 6, 16, 17, 
31, 166, 168–176, 179, 181, 209, 418, 
447, 449, 452, 556   

  Environmental governance , 17, 36, 167, 168, 
171–173, 177, 179, 181, 200, 447, 
466–467, 491   

  Environmental history , 5, 6, 16, 18, 31, 
103–120, 170, 174, 176, 258, 273, 274, 
276, 298, 341, 348, 393, 395–396, 414, 
420, 448, 472, 555–557   

  Environmental impact assessment (EIA) , 
360, 444   

  Environmental justice , 173, 228, 235, 384, 
394, 447   

  Environmental landscape history and ideas , 
17, 167, 168, 174, 179, 181   

  Environmental policy , 9, 16, 125, 176, 418, 
447–449, 476   

  Environmental scienti fi c concepts (in models, 
management and policy) , 17, 167, 168, 
175, 179, 181   

  Environmental social science , 170, 176, 
446–449, 456, 457, 558   

  ERA.    See  European Research Area (ERA)  

Index



582

  EROI.    See  Energy return on investment 
(EROI)  

  Esther Boserup , 342   
  Ethnoscience , 172, 201   
  EU research projects Integralp 

 Carbo-Extreme , 516  
 Carbomont , 516  
 Ecomont , 516  
 GHG Europe , 516  
 Vital , 516   

  European long-term ecosystem research 
network (LTER-Europe ) , xi, 7, 10, 11, 
13, 19, 409–439, 444, 455, 457, 462, 
468, 477, 480, 566, 568, 572–574   

  European Research Area (ERA) , 411, 415, 
431, 433   

  European Sturgeon , 114   
  European Water Framework Directive (WFD) , 

104, 120   
  Evolutionary health principle , 147, 148, 158   
  Exergy harvest , 106, 107, 111, 114, 116, 119   
  External ecosystems, urban dependence 

on , 219   
  Exurbanisation, and climate change , 207, 208    

  F 
  Farm-scale evaluation (FSE) , 128   
  Farm size , 62, 67, 68, 279, 281–285, 301, 

302, 304, 306   
  Federal Research and Training Centre for 

Forests, Natural Hazards and 
Landscape , 472   

  Fertiliser use , 43, 64, 68, 114, 307, 349, 390, 
499, 539, 559   

  Final energy , 249, 253, 258   
  Final energy use , 33   
  FinLTSER Network (Finland) , 20, 445, 446, 

452, 455–457   
  Flood protection , 104, 114, 118, 119   
  FlorEM botanical database , 493   
  Foot-binding , 145   
   Fordism  , 350   
  Forestry , 30, 36, 37, 41, 57, 60, 61, 64, 172, 

173, 175, 250, 371, 427, 449, 463–464, 
466, 472, 475, 487–490   

  Fossa carolina , 109   
  Fossil fuel , 16–18, 35, 40, 41, 43, 60, 61, 119, 

120, 144, 151, 249, 262, 263, 265, 270, 
290, 292, 293, 303, 308, 310, 323, 
327–331, 359, 360   

  Fossil fuel-powered industrialisation of 
agriculture , 263   

  Four- fi eld geography , 166, 179   

  FSE.    See  Farm-scale evaluation (FSE)  
  Fuzzy cognitive mapping , 422–426, 475    

  G 
  Gabcikovo dam, Slovakia , 116   
  Gender perspective in sustainability 

research , 70   
  Geo-engineering , 361   
  Gesäuse National Park , 465, 472, 474   
  GHG emission.    See  Greenhouse gases 

(GHG) emission  
  Global Observation Research Initiative in 

Alpine Environments 
(GLORIA) , 515   

  GLORIA.    See  Global Observation Research 
Initiative in Alpine Environments 
(GLORIA)  

  Grain yield , 279, 281–283, 285–287, 
304, 349   

  Grassland management , 36, 464, 491, 
494, 500   

  Great Plains 
 agricultural development of , 283, 287, 292   

  Great Regulation of the Viennese 
Danube , 118   

  Greenhouse gases (GHG) emission , 15, 36, 
43, 55, 60, 68, 360, 538   

  Green revolution , 176, 233, 354–355   
  Gurgler Kamm Biosphere Reserve, 

Austria (AT) , 21, 528, 535, 537, 
544, 558    

  H 
  Habitat distribution modeling , 130   
  HANPP.    See  Human appropriation of net 

primary production (HANPP)  
  Hawai’i Island , 18, 316, 317, 319–328, 

330, 331   
  HE-NS geography.    See  Human-environment 

and nature-society (HE-NS) geography  
  HERO project.    See  Human-Environment 

Regional Observatory (HERO) project  
  Hierarchy of decision-making , 198   
  High consumption phase , 144, 150, 152   
  Hintereisferner and Kesselwandferner 

glacier , 515   
  Human adaptability , 6, 146, 514   
  Human and natural systems 

 integration of , 502   
  Human appropriation of net primary 

production (HANPP) , 14, 29–46, 57, 
132, 556   

Index



583

  Human behaviour , 46, 141, 149, 151, 192, 
205, 206, 381, 382   

  Human culture , 16, 140, 142, 143, 145–146, 
155, 156  

 a force in nature , 145–146   
  Human ecosystem framework , 378–381, 383   
  Human-ecosystem interactions/feedbacks , 

224–238   
  Human-environment and nature-society 

(HE-NS) geography , 18, 164–169, 
171–174, 177, 179   

  Human-Environment Regional Observatory 
(HERO) project , 164, 168   

  Human-environment relations , 2, 3, 176, 206   
  Human health needs , 156, 158   
  Human-nature interaction , 18, 315–333, 

412, 427   
  Human outcomes and actions , 218, 220, 223, 

238, 557   
  Human population , 79, 83, 140, 142–144, 147, 

149–153, 159, 218, 220, 223, 227, 237, 
288, 317, 321, 343, 357, 372, 384, 439   

  Hunter-gatherer phase , 144, 149, 158   
  Hydromorphological change , 104   
  Hydropower plants , 110, 112, 255    

  I 
  IBP.    See  International Biological Programme 

(IBP)  
  IBW.    See  Indian Bend Wash (IBW)  
  ICPDR.    See  International Commission for the 

Protection of the Danube River 
(ICPDR)  

  ICP Forest Level II network, forest inventory 
sites , 472   

  ILTER-Net.    See  International Long-Term 
Ecosystem Research network 
(ILTER-Net)  

  Implementation models and assessment , 438   
  Income , 60–64, 66–68, 70, 85, 89, 90, 152, 

228, 238, 239, 319, 350, 352, 356, 358, 
359, 423–428, 466, 475, 512, 533, 535, 
537, 547   

  Indian Bend Wash (IBW) , 231, 232   
  Industrial ecology , 2, 6, 31, 69, 249, 316, 318   
  Industrial metabolism , 19, 219, 264, 265, 318, 

320, 358–360, 557   
  Industrial regime , 340, 342, 359   
  Industrial revolution , 144, 332, 340–345, 360   
  Information and communication technology 

 revolution in , 354   
  Institute of Social Ecology (SEC) , 10, 468, 

473, 536   

  Institutions 
 as social controls , 197   

  Integrated land-system science , 55, 538   
  Integrated monitoring , 21, 472, 474, 527–551   
  Integrated research , 125, 227, 396, 471   
  Integrated river basin management , 104   
  Integrated Science for Society and the 

Environment (ISSE) model , 19, 422, 
427–428   

  Integrated socio-ecological modelling , 14, 
56–59, 66, 69, 70, 132, 381, 420   

  Integration of disciplines , 530, 532, 533, 
536–542   

  Integrative research , 191, 310   
  Integrative research tools , 19   
  Integrative studies , 155, 529–531   
  Interdisciplinarity , 20, 166, 173–174, 191, 

192, 419, 444, 453, 457, 486, 497, 501   
  Interdisciplinary research , 2, 11, 16, 17, 20, 

21, 46, 129, 190–193, 298, 377, 411, 
414, 419, 420, 435–437, 444, 449, 457, 
469, 496, 507, 549   

  Interdisciplinary scienti fi c collaboration , 6, 55, 
191, 438, 444, 453–455   

  Interlinked social-ecological scales , 167   
  International Biological Programme (IBP) , 6, 

514, 515, 518, 519   
  International Commission for 

the Protection of the Danube River 
(ICPDR) , 104   

  International Long-Term Ecosystem Research 
network (ILTER-Net) , 7, 8, 411, 423, 
444, 450   

  Iron Gate (I and II) hydropower plants, Serbia/
Romania , 118   

  Iron ore mining , 463, 466   
  Islands 

 ecosystems , 325  
 isolation from, connectivity to global 

economy , 316, 325–327  
 as ‘model systems’ , 317  
 natural resource use , 316, 327–330  
 as socio-ecological systems , 316, 318, 325, 

330, 333  
 tourism , 326  
 water, energy, waste assimilation 

capacity , 327   
  ISSE model.    See  Integrated Science for Society 

and the Environment (ISSE) model   

  J 
  Joseph Fourier Alpine Research Station 

(SAJF), Lautaret , 488    

Index



584

  K 
  Kalkalpen National Park , 60, 64, 465, 

472, 511   
  Kalkalpen (Limestone) region , 60, 301   
  Kansas , 18, 270–274, 276, 277, 279, 283, 

285, 287, 290–292   
  Kyoto Protocol , 360    

  L 
  Laboratory of Environmental Protection, 

Helsinki University of Technology , 
448–449   

  Labour productivity , 18, 97–98, 262, 263, 265, 
279, 281–283, 286, 291, 292, 349, 354   

  Land availability , 279, 281–284, 304   
  Land-based energy systems , 261   
  Land change science (LCS) , 16–17, 53, 59, 

69, 165, 166, 169, 175, 177, 179, 
570, 575   

  Landscape 
 metrics , 130  
 multifunctionality , 123–124  
 scale research , 167   
 change , 15, 37, 40, 44, 45, 55, 56, 59, 126, 

131, 167, 237, 299, 390, 475, 486, 496, 
507, 518, 574  

 change models , 55  
 dynamics , 576  
 history , 274, 277, 411, 413, 429, 462, 498  
 intensity , 39, 61, 98, 360, 465, 567  
 legacies , 202, 225, 235  

  Land-use and land-cover change (LUCC) , 
16–17, 165, 166, 169, 177, 179, 227, 
419–420   

  LCA.    See  Life cycle analysis (LCA)  
  LCS.    See  Land change science (LCS)  
  Lepsämänjoki LTSER (Finland) , 445–446, 

453–455   
  Life cycle analysis (LCA) , 32   
  Linkage between decision-making, monitoring 

& assessment, and science , 396–398   
  Livestock , 32, 33, 43, 45, 61, 65, 68, 79, 83, 

87, 167, 262, 271, 273, 274, 277–284, 
287–293, 298, 300–304, 306, 307, 309, 
341–344, 351, 354, 355, 499, 500, 511  

 density , 281–283, 289–291, 304, 307  
 management , 279, 281, 288–290   

  Local level scenario development , 545–548   
  Long-term data consolidation and sharing , 20   
  Long-term research , 125, 129, 449, 456, 457, 

472, 474, 507, 571   
  Long-term socio-ecological research 

(LTSER) 

 actors/stakeholders , 418, 435  
 data management/sharing , 421, 436, 

438, 455, 471, 476, 478, 480, 481, 
488, 494, 558  

 management, communication 
and setup , 421  

 physical infrastructure and spatial design , 
416–418  

 platform , 57–58, 133, 409–439  
 region delineation, selection criteria , 429  
 research component , 418–420   

  LTER.    See  Long-term ecological research 
(LTER)  

  LTSER.    See  Long-term socio-ecological 
research (LTSER)  

  LUCC.    See  Land-use and land-cover change 
(LUCC)  

  Lunz Water Cluster , 472    

  M 
  Machland dam, Austria , 109, 

117–118, 120   
  Marketable crop production , 279, 281, 282, 

286, 287   
  Market environmentalism , 171   
  Mass Lifted (ML), transport indicator , 80, 82, 

90–91   
  Mass Moved (MM), transport indicator , 80, 

82, 90–91   
  Material and Energy Flow Accounting 

(MEFA) , 13, 30, 249, 273, 274, 
320, 321   

  Material and Energy Flow Analysis (MEFA) , 
31–36   

  Material Flow Analysis (MFA) , 33, 34, 132, 
320, 332   

  Material mass balance , 219, 238   
  MEA.    See  Millennium Ecosystem 

Assessment (MEA)  
  Meliors , 148   
  Melior-stressor concept , 148   
  Metabolic pro fi le , 79, 80, 248, 359   
  Metabolic recon fi guration, and development , 

324   
  Methane, N 

2
 O and VOC , 516   

  MFA.    See  Material Flow Analysis (MFA)  
  MFRPs.    See  Multifunctional Research 

Platforms (MFRPs)  
  Migration , 18, 78, 131, 176–179, 205, 

270–274, 276, 310, 465, 517   
  Millennium Ecosystem Assessment (MEA) , 

1, 13, 37, 38, 55, 125, 133, 218, 220, 
358, 410, 423, 506, 538, 565, 566   

Index



585

  Mode 2 , 413, 420, 424, 530, 531   
  Modelling approaches , 58, 59, 69, 78, 

130–133, 169, 423, 519, 556   
  Modelling as a participatory process , 

64–66   
  Motown Cluster , 350   
  Mountain livestock farming systems , 500   
  Mountain Research Station, Botanical 

Institute University of Innsbruck , 
514–515   

  Multidisciplinarity , 155   
  Multidisciplinary 

 integrated models , 131–133   
  Multifunctional landuse system , 262, 474   
  Multifunctional Research Platforms 

(MFRPs) , 10, 467   
  Multi-level material  fl ows , 320   
  Multi-scale approaches , 133, 166   
  Multi-site social-environmental 

networks , 179    

  N 
  Natura 2000 , 465, 535–536, 563   
  NEHN.    See  Nordic Environmental History 

Society (NEHN)  
  Neolithic revolution , 340   
  NESS.    See  Nordic Environmental Social 

Science (NESS)  
  Net ecosystem exchange of CO 

2
  , 517–518   

  Network of Excellence  
  New World farm system , 274–277   
  New York Botanical Garden (NYBG) , 

370–371   
  Nitrogen 

 cycling , 394, 495, 516  
 drainage , 263  
 enrichment , 30  
  fl ow , 15, 33, 38, 68, 69, 132, 281, 293  
 return , 263, 281–283, 289, 290   

  Nordic Environmental History Society 
(NEHN) , 448   

  Nordic Environmental Social Science 
(NESS) , 448   

  Nutrient 
  fl ows , 36, 98, 239, 279  
 management , 279, 281, 288–290   

  NYBG.    See  New York Botanical Garden 
(NYBG)   

  O 
  O’ahu , 18, 316, 319, 320, 322, 323, 326–330   
  Obergurgl Alpine Research Centre , 519, 567   

  Old World farm system , 274–277, 285, 
288, 293   

  Open-air laboratory , 514   
  Ötz valley research area , 510, 514–516, 

519, 540    

  P 
  Participatory Assessment, Monitoring and 

Evaluation (PAME) , 532   
  Participatory research , 64, 531–532, 574   
  Participatory Technology Assessments (PTA) , 

530, 531   
  Partnership for Research on Natural Resources 

and the Environment (Finland) , 448   
  Pasteur’s quadrant , 375, 376, 395, 396   
  Patch dynamics , 383–384   
  Per capita energy use , 256–258, 357   
  Pesticide use , 171   
  Phylogenetic maladjustment , 147, 149   
  Physical health needs , 148   
  Place-based LTSER , 17, 19, 193, 413–415, 

431, 438, 439   
  Place-based research , 17, 192, 193, 207   
  Policy-relevant knowledge generation , 431   
  Political ecology , 4, 17, 165, 166, 169–171, 

173, 175–177, 179   
  Pollution control , 321   
  Population 

 density , 9, 39, 81, 82, 87, 88, 93, 159, 252, 
273, 274, 279, 281–285, 288, 304–306, 
316, 342, 349, 411, 428, 465  

 and energy use , 149, 255–257, 265, 347  
 metabolism , 149  
 Viability Analysis (PVA) , 130   

  Post-normal science , 420, 529, 530, 532   
  Potential risks in mountain ecosystems , 518   
  Power play , 341, 550, 551   
  Practices , 16, 18, 105–108, 112–119, 170, 

191, 225, 237, 276, 283, 285, 292, 298, 
299, 304–306, 309, 310, 349, 374, 417, 
429, 437, 445, 453–455, 500, 501, 531   

  Pre-industrial agriculture , 263, 274, 
299, 475   

  Pre-industrial societies , 77–99, 249, 341   
  Press-Pulse Dynamics framework , 13, 14, 17, 

380–383, 394, 412, 426   
  Price , 12, 15, 36, 55, 60, 62, 65, 66, 68, 92, 

169, 195, 200, 206, 223, 250, 253, 
257–259, 265, 323, 328, 351, 355, 356, 
424, 428, 475, 500   

  Primary energy 
 sources , 323, 331, 341, 352  
 supply , 33, 255, 351   

Index



586

  Problem-focused research , 462   
  Problem-oriented environmental research , 20, 

190, 446–449, 457   
  Productivity , vii, 18, 37, 38, 60, 88, 90, 93, 

96–99, 195, 233, 234, 262, 263, 265, 
279, 281–283, 285–287, 291, 292, 304, 
306, 308–310, 343, 349, 354, 388, 389, 
463, 509, 514, 518, 538   

  Programme on Ecosystem Change and Society 
(PECS) , 415, 438, 566   

  Pro-growth development, and poverty , 197   
  Psychosocial health needs , 148   
  PTA.    See  Participatory Technology 

Assessments (PTA)  
  Puerto Rico 

 ‘Operation Bootstrap’ development 
programme , 324    

  R 
  Rapid urbanization as press event , 

224–227, 257   
  Regional integrated research , 431, 471   
  Reichraming, municipality of , 56, 60   
  Renewable energy 

  fl ows , 341   
  Research funding, for single-discipline/

interdisciplinary research , 191, 
446, 447   

  Residential landscapes , 223, 225, 226, 237   
  Resource availability, accessibility and 

transport , 260   
  Resource density , 80–83   
  Resource-providing hinterland , 78, 248   
  Riverine landscape, interventions , 108–116   
  River transport , 257    

  S 
  Scalable data platforms , 377, 387–390, 394, 

395, 397   
  Scale 

 spatial , 55, 79, 84, 85, 95, 127, 128, 131, 
132, 164, 166, 203, 310, 412, 413, 416, 
417, 428, 456, 462, 473, 557  

 temporal , 11, 125, 132, 387, 471, 520   
  Scale mismatch , 16, 126–128   
  Scenario workshops , 532, 543, 545   
  SEC.    See  Institute of Social Ecology (SEC)  
  SERD.    See  Simulation of ecological 

compatibility of regional development 
(SERD)  

  Seville Strategy for Biosphere Reserves , 
535, 536   

  SFA.    See  Substance  fl ow analysis (SFA)  
  Silent Spring (Rachel Carson) , 146, 358   
  Simulation of ecological compatibility of 

regional development (SERD) , 59–62   
  Singapore 

 Trans-shipment , 326   
  SMCE.    See  Societal multi-criteria evaluation 

(SMCE)  
  Social-ecological adaptive capacity and 

vulnerability , 16, 17, 165, 
167–168, 177   

  Social metabolism , 17, 18, 79, 249, 277, 
310, 311   

  Societal arrangements , 142, 154, 159   
  Societal metabolism , 340, 343, 347, 348, 351, 

352, 355, 357   
  Societal multi-criteria evaluation (SMCE) , 532   
  Society-nature interaction , 1, 5, 6, 9, 12, 13, 

18, 21, 31, 45, 46, 53, 54, 57, 58, 298, 
340, 415, 419, 438, 482, 538–540, 559   

  Socio-ecological 
 indicators , 37, 57, 61, 130, 132, 223, 

279, 292  
 metabolism , 13, 14, 30, 36–40, 45, 58, 60, 

298, 299, 556  
 pro fi ling , 19, 416–417, 419, 421–429  
 research , vi, ix, 53–70, 103–120, 123–134  
 system , 9–13, 16, 17, 21, 36, 37, 40, 

53–70, 78, 98, 129, 132, 166, 168, 170, 
173, 192, 193, 202, 207, 208, 217–239, 
248, 265, 298, 310, 311, 316, 318, 321, 
322, 325, 330, 333, 340, 372, 373, 376, 
377, 381, 383, 385–387, 393, 396, 397, 
402, 412–415, 421–433, 457, 462, 486, 
519, 538, 551  

 transitions , 31, 44, 175, 310, 321, 385, 419   
  Socioeconomic drivers of ecological change , 

36, 411   
  Socioeconomic metabolism , 6, 11, 14, 15, 

29–46, 56, 57, 132, 318, 556   
  Sociometabolic regime , 33, 36, 340, 342, 345, 

351, 356, 362   
  Sociometabolic transition , 35, 36, 39   
  Sociometabolism , 17, 18, 79, 249, 277, 310, 

318, 341–345, 347, 348, 351, 352, 355, 
357–362   

  Socio-natural sites , 16, 18, 105, 112, 119, 299, 
304, 309–311   

 carbon , 40, 42, 43, 288, 291, 498  
 fertility , 156, 264, 281, 284, 287–292, 533  
 nutrients , 85, 273, 284, 287–289, 293, 559  
 organic carbon (SOC) , 42, 234, 235, 

288, 291  
 surveys , 234  

Index



587

  Sol Tax , 195, 196, 200   
  Space and time scales , 220–222   
  Spatial and temporal coupling , 7, 11, 12, 16, 

39, 44, 55, 125, 127, 128, 130, 132, 
165, 167, 168, 179, 202, 203, 224, 377, 
387, 471, 491, 519, 520   

  Spatial imprint of urban consumption , 18, 248, 
258–264   

  Spatial-network approach , 177   
  Spatial scales , 44, 55, 79, 84, 85, 95, 127, 128, 

131, 132, 164, 166, 203, 310, 412, 413, 
416, 417, 428, 456, 462, 473, 557   

  Species-area relationship , 130   
  Stakeholder 

 analysis of , 542–545  
 informed research , 414, 551  
 involvement, inclusion , 15, 46, 424, 436, 

467–469, 498, 528, 534  
 map , 422–426, 543, 544  
 workshop , 437, 446, 451, 467, 532, 543, 

545, 547   
  Stock- fl ow framework , 29   
  Stormwater management , 231   
  Structuration (socioenvironmental 

structuration) , 179   
  Stubai valley research area , 516, 517, 519, 520   
  Subsidies , 15, 35, 55, 60, 62, 65, 66, 68, 

424, 475   
  Substance  fl ow analysis (SFA) , 33   
  Subterranean forest , 261, 348, 556   
  Sustainability 

 assessment , 21, 69, 527–551  
 science , 2, 16, 35, 45, 54, 56–59, 64, 69, 

165–168, 174, 177, 179, 220, 273, 431, 
469, 528  

 triangle , 61   
  SustainabilityA-Test, EU project , 132   
  Sustainable development , 4, 8, 10, 114, 

116, 124, 248, 362, 447, 519, 528, 
534, 544   

  SYKE, Finnish Environment Institute , 448  
 Centre for Environment Policy , 448   

  1950s Syndrome , 258, 351, 352   
  System boundary , 252, 320, 378   
  System-dynamic modelling , 31, 40–45, 69    

  T 
  Technoaddiction , 188–189   
  Technological change 

 socio-ecological signi fi cance of , 340, 557   
  Technology cluster , 349, 350   
  Technometabolism , 148–150   
  Terrestrial and aquatic ecosystems , 520   

  Thick description , 194   
  Threshold interactions , 423, 428–429   
  Time use , 62, 64, 299, 473   
  Total primary energy supply (TPES) , 33, 

351, 353   
  Toxic substances, emissions , 30   
  TPES.    See  Total primary energy supply 

(TPES)  
  Trade-offs , 61, 200, 207, 219, 223, 227, 231, 

238, 436, 499   
  Transdisciplinarity 

 challenges , 528, 549–550  
 research , 5, 528–532, 548–551, 557   

  Transport 
 in agrarian societies , 83–92, 94, 98  
 energy , 78, 79, 98, 99  
 in hunting and gathering societies , 80–83  
 infrastructure , 15, 79, 83, 84, 92, 99  
 networks , 260, 265  
 technology , 18, 79, 80, 87, 99, 265   

  Trophic dynamics 
 urban , 226, 237   

  TTPES.    See  Total primary energy supply 
(TPES)  

  Tyrolean Alps LTSER Platform , 20, 21, 
506–520, 528, 532–536, 560    

  U 
  Umweltbundesamt, Environment Agency 

Austria , 468, 469, 473, 476   
  UNESCO 

 biosphere reserve Gossenköllesee 
 Man and the Biosphere (MAB) 

programme , 6, 519, 535, 545   
  Urban 

 biogeochemical processes , 233–235  
 ecology , 374, 398, 402, 448  
 footprint , 219, 260, 261  
 footprint size , 260, 261  
 growth , 78, 99, 226, 255, 257, 262–265, 

273, 348  
 heat island (UHI) , 224, 227, 228, 231  
 institutional drivers of urban 

growth , 226  
 landscape , 226, 227, 394  
 LTSER , 369–403, 557, 560  
 metabolism , 150, 170, 219, 248, 251, 

370, 557  
 resource use , 18, 248  
 socio-ecological system (SES) , 

217–239, 265  
 sustainability strategies , 17, 98, 217–239, 

377, 397, 557   

Index



588

  Urbanisation 
 physical constraints upon , 78  
 and spatial concentration , 78  
 and sustainability , 238–239  
 and transport requirements , 78, 80, 93–98   

  Urban-Rural Gradient Ecology (URGE) 
project , 371   

  USDA Forest Service , 371, 372    

  V 
  Vaccia project, analysing socio-environmental 

resilience of ecosystem services 
under conditions of climate change 
(Finland) , 456   

  Vegetation 
 diversity (urban) , 222, 224, 238  
 phenology (urban) , 228, 495   

  Vegetation assessment , 537, 539   
  Vercors high plateaux natural reserve , 490, 492   
  Vercors Natural Regional Park , 490   
  Virtual forest area , 250, 261, 262, 346, 

348, 556    

  W 
  Wallsee-Mitterkirchen hydropower plant , 117   
  Waste management , 12, 321, 329   
  Water 

 dynamics , 224, 227–233  
 quality, protection , 116, 200, 203  
 use in desert city , 224, 228–233   

  Watersheds , 140, 163–179, 204, 205, 222, 
231, 233, 323, 372, 377, 384, 387, 
390–392, 394, 398–400   

  WFD.    See  European Water Framework 
Directive (WFD)  

  World Summit on Sustainable Development 
(WSSD) , 124   

  WSSD.    See  World Summit on Sustainable 
Development (WSSD)   

  Y 
  Yale Center for Industrial Ecology , 316, 318   
  Yale University School of Forestry and 

Environmental Studies , 371   
  Ybbs-Persenbeug hydropower plant , 116, 117   
  Yearbook of European Environmental 

Law , 447   
  YHTYMÄ graduate school in environmental 

social science , 447, 448   
  YHYS, Finnish Society for Environmental 

Social Sciences , 448   
  Yield , 38, 39, 43, 78, 83, 87, 90, 98, 231, 233, 

250, 261–263, 276, 277, 284, 286, 287, 
289, 290, 292, 293, 304, 306, 307, 342, 
344, 349, 354, 390, 506    

  Z 
  Zöbelboden ICP Integrated Monitoring site , 

472, 474   
  Zone Atelier Alpes , 488, 497            

Index


	Long Term Socio-Ecological Research
	Foreword
	Foreword
	Acknowledgments
	Contents
	Acronyms
	List of Boxes
	List of Figures
	List of Tables
	Chapter 1: Introduction
	Part I: LTSER Concepts, Methods and Linkages
	Part II: LTSER Applications Across Ecosystems, Time and Space
	Part III: LTSER Formations and the Transdisciplinary Challenge
	About the Contributors
	Index



