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Foreword

Land degradation and desertification issues are now milestone pillars of the inter-
national environmental and development agendas. Not only because they affect the
livelihoods of billions of people and have direct consequences on the well-being
of entire societies, but also due to devastating effects on ecosystem’s stability,
functions and services, loss of biodiversity and an endless list of other ill-related
severances. Problems are exacerbated when land degradation, mostly a human-
induced process is combined with naturally occurring drought. It is for these
reasons that the recent terminology adopted by the United Nations Convention to
Combat Desertification (UNCCD) involves Desertification, Land Degradation and
Drought (DLDD). That represents a major shift for the UNCCD itself covering
thus the entire planet Earth and bringing it closer to similar UN Conventions like
the Biological Diversity (CBD) and the UN Framework Convention to Climate
Change (UNFCCC). However, for the UNCCD the major focus will still be placed
on drylands and particularly in Africa.

The scientific community has invested more than half a century research in land
degradation and desertification and much is known now compared with the time
when Auberville for the first time in the 1950s coined the term “desertification”,
interesting enough not in the drylands but in tropical forests of Africa. Yet, the
link between science and policymaking appears to be week and information flow
among many stakeholders involved in the combat against land degradation and
desertification is not moving fast either.

Results “on-the-ground” in the last decade are not yet convincing many local
stakeholders that progress has been made, despite numerous excellent examples of
sustainable natural resources management worldwide as documented also by this
book. Recent trends ask for a paradigm shift in support of sustainable land manage-
ment rather than simply focusing on combating land degradation. Climate change
will continue to dominate the environmental agenda and its effects will impact also
the land degradation-affected areas that will experience additional adversities. While
recognising the needs for further mitigation actions to alleviate climate change
effects, adaptation to the new climatic conditions will be the final unavoidable
choice as the history of nature evolution has shown.

This book contains selected papers of the 5th International Conference on Land
Degradation held at the Mediterranean Agronomic Institute of Bari, Italy (IAMB) in
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viii Foreword

18-22 September 2008. The event was sponsored also by the Italian Society of Soil
Science (SISS), the International Union of Soil Sciences (IUSS) and the European
Commission, Joint Research Centre, Institute for Environment and Sustainability
(EC, JRC, IES). These institutions have been involved for long in land degradation
research and mitigation studies.

We are delighted to offer this unique opportunity of presenting papers covering
a wide range of topics and geographical areas, all of them serving the purpose of
understanding better the cause-effect relationships of land degradation and deserti-
fication and to identify the best options for assessment, monitoring, mitigation, and
remediation.
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Editors’ Note

The editors would like to express their gratitude to all the authors for their prompt
response, hard work and professionalism in preparing their chapters. For some of
them this was a first opportunity to write a chapter in a special Springer book, but
this was exactly what we intended when we invited them to collaborate in this effort.
We are sure this strengthens and enriches the book. We realised that it has been a
great challenge to complete this book in a such short time. All of this was possible,
thanks to authors’ friendly cooperation and enthusiasm that made our tasks easier.

The scientific content of each chapter is the responsibility of individual author(s)
and despite our continuous efforts to improve their content, there may be additional
questions and comments. We thus invite the reader to kindly ask or write directly to
each corresponding author for further clarification. Our editorial tasks were carried
out in full respect of everyone’s beliefs and research findings, and wherever neces-
sary, to improve the content of each chapter. We did this without any prejudice for
individual or professional gains.

A particular word of thank you goes to Ms. Margaret Deignan, Associate Editor
at Environmental Sciences Unit of Springer who was the first to write and solicit
us about the preparation of this book as she noticed the potential for this publica-
tion. We are thankful also to all the sponsors of the 5th International Conference
on Land Degradation and in particular to the International Centre for Advanced
Mediterranean Agronomic Studies (CIHEAM) and its Vice President Prof. Giuliana
Trisorio Liuzzi, to the Director of the Mediterranean Agronomic Institute of Bari in
Italy (IAMB), Dr. Cosimo Lacirignola to Deputy Director of IAMB, Dr. Maurizio
Raeli, and to the Head of Land and Water Resources Management Department of
IAMB, Dr. Nicola Lamaddalena for their enormous support in successfully organ-
ising this conference. Among us, an exceptional thank you is addressed to Dr. Pandi
Zdruli in recognition of his endless and tireless efforts, scientific perseverance and
scrutiny that have left their mark throughout this book.

Bari, Italy Pandi Zdruli
Florence, Italy Marcello Pagliai
Adana, Turkey Selim Kapur
Cartagena, Spain Angel Faz Cano
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Chapter 1
What We Know About the Saga of Land
Degradation and How to Deal with It?

Pandi Zdruli, Marcello Pagliai, Selim Kapur, and Angel Faz Cano

Abstract The 5th International Conference on Land Degradation held at the
Mediterranean Agronomic Institute of Bari, Italy in September 2008 brought
together some 100 people from 37 countries worldwide. A number of international
organisations, like FAO, IAEA, EC, and CIHEAM were also present. The confer-
ence was split into 8 sessions where 83 papers (43 oral) were presented. In total 235
abstracts were received. The main outcome was that the fight against land degrada-
tion and desertification could be successful if the right policy instruments are put
in place and most importantly when local people are both authors and actors of
the development process. Moreover, soil conservation and restoration should be one
component of an integrated ecosystem management strategy that should include also
water, biodiversity, livelihoods and human impacts on ecosystems. There are numer-
ous positive results when dealing with land degradation worldwide. They should
be used to emphasise the urgent needs for further actions to accelerate and scale
up progress and not to induce complacency. Improved land resources management
measures should build on scientific evidence, local innovation and knowledge and
be locally tested and validated before being applied at larger scale. Natural resource
base conservation should continue to be a priority for national governments and
international organisations but Africa requires particular attention. The recent finan-
cial, economic and food global crisis should not overshadow the urgent needs to deal
with natural resource management and conservation and mitigate climate change
impacts.

Keywords Land degradation - Desertification - UNCCD - Sustainable land
management - Mitigation - Remediation - Future perspectives - Possible solutions
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1.1 Introduction

Bari, Italy, September 2008. Yet another international conference on land degrada-
tion (ICLD) organised by the Land Degradation Working Group of the International
Union of Soil Sciences (IUSS) following four previous ones held in Adana, Turkey
(1996), Khon Kaen, Thailand (1999), Rio de Janeiro, Brazil (2001), and Cartagena,
Spain (2004). These were not the only events dealing with land degradation nation-
ally and internationally as numerous similar ones have taken place over the last
half-century in many places around the world. Most likely others will follow.
Hence, a “common” and intriguing question would be: “do we really need another
conference to discuss land degradation?”

To make it different from the previous ones, the Scientific Committee of this
5th ICLD decided to use a different approach, synthesised as: Moving ahead
from assessments to actions: Could we win the struggle with land degradation?
We think this conference gave some interesting answers to the above question,
no matter how provocative, challenging or controversial that theme might have
been.

In one of the discussions held during the conference Dr. Zdruli mentioned that:
“in only one, out of many land degradation meetings I have attended over the last
2 decades around the world I heard someone to discuss erosion in a balanced man-
ner, all the others identified only its negative aspects and consequences”. Is there
some truth from this rare case? What could have been Egypt without erosion or
the Po River Valley in Italy, the largest fluvial deposit in Europe? What about land-
slides? Surely they devastate property, infrastructure, endanger public health and
safety, but in some cases like in Papua New Guinea or Jamaica they are known
for supporting better crops and creating new possibilities for cultivation (Stocking
and Murnaghan, 2001). So are volcanic eruptions, as devastating as horrendous to
destroy entire communities, but beneficial as well for the formation of the fertile
Andosols. Reynolds (2008) analysed land degradation from various viewpoints and
noticed for instance that an eroded landscape in Mexico is very attractive for the
movie industry, thus providing additional jobs and income for the poverty stricken
local population. Additionally, pastoralists could have far different views on degra-
dation from farmers as they may benefit (at least in the short term) from overstocking
their flocks in such areas. Hence, much depends on the angle one looks at the
problem.

Land degradation is both a natural and human-induced process. It existed before
the human race populated the earth and will continue to exist. However, humans
have a two-sided effect on it: mitigate or accelerate. Devastating pictures of eroded
landscapes and impoverished drylands are often used to show the “evils” of land
degradation and desertification. We think that it is much easier to show the darker
side of the story rather than the opposite. Thus, and to show that we are not fight-
ing a lost battle, we asked participants of the 5th ICLD to bring forward some of
these results. One could mention the millenary grape terraces of Cinque Terre in the
north-western Ligurian coast of Italy that are a living example of human ingenuity
to grow crops and preserve the environment. Many other good examples can be
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found around the world and have been well documented by the World Overview of
Conservation Approaches and Technologies (WOCAT, 2007).

Despite the existence of the controversial definitions and confusion between
“soil” and “land” degradation and desertification (this last is also land degradation
but in well-defined climatic domains) the substance of the problem is the same:
degradation of the resource base and reduced capacity for continued productivity
and maintenance of global ecosystem services.

Measuring the extent and severity of land degradation has been quite challeng-
ing. Until very recently, there was only one global assessment of human-induced
soil degradation, the GLASOD database (Oldeman et al., 1991). This has been
debated over the years due to its main limitations being the qualitative assessments
that produced disputable results and poor relationships between land degrada-
tion and policy-pertinent criteria (Sonneveld and Dent, 2007). Notwithstanding,
GLASOD deserves credit for bringing the issue of land degradation to the world
agenda.

Efforts to develop other global and regional assessments of land degradation con-
tinued (Eswaran et al., 2003; Holm et al., 2003; Prince et al., 2007; Bai et al., 2008).
Safriel (2007) reports for an alternative method currently under development for
detecting land degradation trends, using a surrogate called Residual Net Primary
Production (RESTREND), which is based on an analysis of the residuals of the
productivity-rainfall relationship during a defined time period. The GEF-UNEP-
FAO sponsored LADA project (Land Degradation Assessment in Drylands) is
presently engaged in development of standard methods to assess global land degra-
dation (GLADA) and preliminary results are reported by Bai et al. (2008). Using
the (Rural Urban Extent) RUE adjusted NDVI/NPP (normalised difference vege-
tation index/net primary production) index to globally detect significant biomass
changes, they indicate that 23.54% of the Earth is degraded and 1.5 billion people
are affected.

Further efforts have been devoted by Eswaran et al. (2003), Kapur and Akca
(2004), Kapur et al. (2004) and Eswaran et al. (2005) to assess mitigation measures
for land degradation within human-reshaped landscapes (i.e. Anthroscapes), based
on combinations of appropriate indigenous technologies and scientific know-how.
However, whatever the method, caution is needed when carrying out land degrada-
tion analyses as data could be collected using a wide range of approaches which
inevitably contain assumptions that may not be comparable between different sites
or regions.

It has been a matter of concern that even after more than a decade of the United
Nations Convention to Combat Desertification (UNCCD), there is still considerable
uncertainty on the global status of land degradation and desertification. Is deserti-
fication at global scale progressing, remaining stable or decreasing? Although the
scientific community is struggling to provide a reliable response, there is not yet
a clear, sound and scientific answer to this question. Also, even if such assess-
ments were accurate and available, there is still considerable need for mitigation
actions “on the ground” to alleviate the hardships of land degradation on vulnerable
populations.
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1.2 Topics of 5th ICLD

e Multidisciplinary assessment of land degradation and desertification at local,
national, regional and global scales;

e Interaction between natural ecosystem components (land, water, biodiversity)
and socio-economic indicators and their overall impact on land degradation;

e Impacts of poor land management on natural resources and examples of best
management practices in reducing land degradation impacts;

e Promotion of income-generating activities that alleviate poverty through
enhancement of sustainable crop production systems and valorisation of indige-
nous knowledge in sustainable ecosystem management;

e Participatory management of natural resources as a mean to sustain both produc-
tivity and environmental sustainability;

e Establishing the role and responsibilities of various stakeholders in reducing the
negative impacts of land degradation and enhancing soil conservation measures;

e State and development of policy options, management strategies, and guidelines
for sustainable natural resources use and management;

e Development of economically sustainable measures that match soil quality with
environmental stability.

1.3 Discussions on the Controversies of Land Degradation

Stocking and Murnaghan (2001) describe the “land degradation wall” and its many
biophysical “bricks”, such as soil degradation, landscape alteration, water deteri-
oration, soil erosion by water and wind, nutrient depletion, loss of biodiversity,
climate change, reduced vegetation cover, pollution, drought, compaction, sedimen-
tation, reduced organic matter and salinisation. Each of these contributes at various
intensities to the land degradation process. They may be consistent for a specific
area, but rarely simultaneous in the same area. Thus, careful analyses of various
local conditions are required, when dealing successfully with land degradation and
desertification analyses.

The recent outcomes of the Committee for the Review of the Implementation
(CRIC) of the UNCCD Convention held in Istanbul, Turkey in November 2008,
revealed a number of failures (UNCCD CRIC7, 2009) when dealing with desertifi-
cation mitigation. Amongst others, they include: shortcomings in up-scaling good
practices, disseminating available knowledge, and closing the gap between scien-
tists, decision/policy makers and local communities. Moreover, there has been a
failure in attempts to mainstream activities at the national level, mobilise resources
and converge desertification, land degradation and drought (DLDD) from a global
issue to a local one requiring immediate solutions. At the closure of the CRIC
7 of the UNCCD, the improved application and translation of National Action
Programmes into science-based regional projects were identified as recommended
procedures to mitigate regional land degradation and desertification. In addition,
results based Monitoring and Evaluation (M & E) schemes were identified to moni-
tor impacts on programming. For instance, the statement of the Annex IV countries
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(parties of the Northern Mediterranean Basin) was strongly in line with this reso-
lution and for the future formats of the CRIC Sessions, urging other Annexes to
discuss the issues related to the implementation of the Convention on the “Regional
Level”. Accordingly, the foreseen efforts and initiatives were conferred to the
Dryland Science for Development (DSD) consortium as the strategy to support
the Committee on Science and Technology (CST) COP-9 in a scientific conference
format.

Land degradation processes, causes, intensities and effects, are well documented
in the literature (Conacher and Sala, 1998; Rubio et al., 2002; Ryan, 2002; Stocking,
2003; Zdruli and Costantini, 2008). However, there are still many difficulties in
distinguishing between human-induced and natural degradation processes and miti-
gation measures. There is a need to conduct specific assessments and test mitigation
measure effectiveness prior to presenting them as the remedy or the solution to
the problem. Moreover, in many countries there are shortages of reliable data that
can be used to demonstrate the extent and the intensity of land degradation and
desertification.

After years of regarding these processes as mainly biophysical ones and wrongly
disregarding their socio-economic nature (Reynolds and Stafford Smith, 2002), the
scientific community is increasingly acknowledging that land degradation often
results from combined human-induced causes (unsustainable land use practices,
such as overgrazing, deforestation, etc), as well as natural causes such as climate
change, drought, etc (Adams and Eswaran, 2000; Cangir et al., 2000; Safriel, 2007).
However, distinctions between areas already affected and those highly vulnerable to
land degradation are not clearly distinguished in most assessments, and this com-
plicates the impacts of the processes and creates confusion for decision-makers
(Safriel, 2007). This underlines the need for a holistic and integrated approach,
which takes into account not only biophysical aspects but also social, institutional,
governance as well as economic and political dimensions of such processes. This
was also pointed out in the well-documented article in Science Magazine, 11 June
2004 (Kaiser, 2004), with the headline: “Soils the last frontier”. Many shortcom-
ings in land degradation assessments are due to inadequate knowledge of cause-
effect relationships between severity of degradation and agricultural productivity
(Nachtergaele, 2003).

It is widely believed that the Green Revolution of the seventies largely succeeded
in Asia and Latin America (Eswaran et al., 1997) because the genetic improvements
of newly created cultivars were followed by improvements in land/soil and water
management, but it did failed in Africa because these last actions were not taken.
This is a lesson that yet remains valid especially for the sub-Saharan Africa that is
characterised by poor-resource farmers and small landholdings (0.5-2 ha). Unless
these farmers take actions to endorse sustainable soil and water management, results
would be far less convincing.

The economic impacts of land degradation are still very uncertain. Wiebe (2003)
estimates the economic effects of soil erosion globally at 0.05% per year of the
total production value. Other authors admit similar values, but point out that off-site
effects are much higher in economic terms. Controversially, studies in the mid
1990s predicted higher figures, reaching as much as 10% of the value of agricultural
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production each year according to a joint study of UNEP, UNDP and FAO (Pimentel
et al., 1995). These estimates re-introduce the crucial question of data availability
and their quality.

The criteria for designating classes of land degradation (i.e. low, moderate, high)
are mainly based on land properties rather than on their impact on productivity
or ecosystem functions and services. Even though the link between land degrada-
tion and productivity loss is well documented, there is still contradictory evidence
on this. Studies show that crop productivity is a function of many variables and
depends on soil and weather characteristics as well as on technological manage-
ment. Thus, land degradation as a biophysical process cannot be separated from its
socio-economic impacts.

New research identifies the processes whereby “temporary depletion” of land
for increased income can be justified (the “profits” can be invested for education,
health, etc., and once the land users receive increased income they are likely to
re-invest in land improvement). However, where is the point of no return? Recent
findings from Niger demonstrate that community level land rehabilitation activities
achieved through agroforestry and reforestation combined with soil conservation
(Pender and Ndjeunga, 2008) can be expected to yield high rates of return but with
high variance. Other findings based only on soil conservation (zai planting pits;
contour stone bunds; application of organic and inorganic fertilizer) show lower but
still positive production impacts.

A workshop held at the FAO, Rome, December 2006, evaluated the cost of inac-
tion. The workshop concluded that the rates of return from successful projects in
arid areas could be as high as 30%, but the economic losses from continuing degra-
dation without treatment could reach as high as several percentage points of the
GDP per year, if such projects were not implemented (Global Mechanism, 2006). It
is clear that the costs of amelioration of degraded lands are much higher than pre-
venting them from becoming degraded in the first place: prevention is cheaper than
cure (Zdruli et al., 2007).

Reynolds et al. (2007) suggest that dryland degradation can be confronted with
renewed optimism if both ecosystem functions and livelihood needs are given equal
importance. Additionally the Dryland Development Paradigm (DDP) approach
(Reynolds et al., 2007) offers a comprehensive framework for integrated assess-
ments. Thomas (2008) concludes recently that it is better to focus on Sustainable
Land Management (SLM) rather than simply combating land degradation and
desertification.

1.4 Conference Findings and Recommendations

The following are the major conclusions of the conference:

The implications of land degradation are of equal concern in arid and hyperarid
drylands areas as well as in semiarid and dry subhumid regions. Reduction of soil
organic matter and soil biodiversity losses reduce soil fertility and have direct
consequences on crop productivity and other soil/ecosystem functions and services.
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Despite their inherently poor organic matter content (Zdruli et al., 2004), further
such losses in dryland soils could provoke irreversible degradation of the resource
base. In view of increasing effects of resource constraints on the global economy
(land, energy, water) and the recent financial, economic and food global crisis,
targeted research on ecological-economic interactions and application of adapted
national policies and action plans are recognized as instrumental in the fight to
mitigate land degradation and prevent further losses of productive lands.

The international and national communities have been involved for decades in
tackling these problems. It is encouraging to note that increasingly many suc-
cess stories in sustainable management of natural resources are being identified,
as shown also in this book. These case studies show that when an enabling pol-
icy environment is created, when the enabling policy instruments are put in place,
and when local stakeholders are both authors and actors of the land management
process, it is possible to make positive changes and to reverse the trend of land
degradation and desertification. Environmental measures, which include interven-
tions on land and water in the range of ecosystems spanning the agricultural, forest
and livestock sectors, should be assessed in terms of impacts on both productivity,
ecological functions and on the effects they have on ecosystem stability, resilience,
human livelihoods, and global life support systems.

In addition, stronger links must be developed to ensure implementation of sci-
entific information in the development of policies and programmes to mitigate land
degradation and desertification. Application of M & E schemes, with land degra-
dation indicators and analyses of trends and impacts of adapted remedial measures
needs proper transfer to decision making at policy levels. This, however, will require
improved coordination at national, regional and local levels.

We must now move to the next step: implementing remedial measures to pre-
vent and mitigate land degradation and desertification, including local adaptation
measures also in terms of climate change that are essential. Tackling the causes
ensures permanence of positive changes and conservation measures. However, not
all soil and water conservation measures work well as there are plenty of exam-
ples of failures due to being ill-adapted in mitigating constraints and/or in terms
of limited impact. Improved land resources management measures should build
on local innovation and knowledge and be locally tested and validated before
being applied at larger scale or being transferred to other locations even in similar
ecosystems.

The global agenda for sustainable land management should remain a priority
for national Governments and international organisations. Africa in particular and
some countries in Latin America and Asia require special attention due to lim-
ited resources, research capacities, and evidence of little progress in stimulating
agricultural and economic growth.

Addressing the issue of land degradation requires the adoption of a holistic
approach to ecosystem management, underlined by the concept of sustainability.
The involvement and commitment of decision makers is crucial for the success of
programmes that stimulate a transition to an era of innovation to achieve sustainable
use of resources, development and growth. The Millennium Ecosystem Assessment
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(MA) framework on ecosystem services is a useful methodology in this context and
expectations are that the UNCCD in particular should apply an ecosystem approach
in the broadest sense of its work.

Policies should be context specific. Not all work the same way in different ecolog-
ical, economic and cultural environments, and they should be drafted and adapted
to the local cultural values and knowledge. Rigid top down approaches have failed
to halt land degradation as they have ignored issues such as empowerment of land
users, land tenure, and the fundamental principles of sustainability. In this context,
reliable procedures for scaling up and down both assessments and recommended
practices at multiple scales are essential; being conscious that solely bottom up
methods in natural resources management can also be detrimental (Zdruli et al.,
2006). Good coordination and continuous interaction between regional, national
and local stakeholders and across sectors is needed for putting in place enabling
policy and environmental programmes, including the required capacity and institu-
tional building. Included are also the issues of how to deal with poverty reduction
and forced migration as driving forces in mitigation of land degradation. The
endorsement of harmonised bottom—up and top—down management and promo-
tion of income generating activities, are necessary to reverse trends and promote
sustainable development of the affected areas.

Many policies and programmes have been formulated and are implemented to
combat desertification and promote sustainable land management (SLM) under the
auspices of the UNCCD and through the initiatives of governments, donor agen-
cies, international, non-governmental organizations and local civil society groups.
To date, such efforts have not succeeded in halting or reversing the problem on a
large scale. In part, this is because the great magnitude of the problem, compared to
the resources employed to address it. However, even where major policy efforts and
large investments have been persuaded to promote sustainable land management,
these have not always been effective.

One problem undermining the effectiveness of policy and institutional responses
to land degradation and desertification is inadequate diagnosis of the underlying
causes of the problem and insufficient links of prescribed remedies in the con-
texts where they are being pursued. Farmers and pastoralists may degrade the land
on which their livelihoods depend on for many reasons. On one hand there is
the lack of awareness of the problem or of a profitable and sustainable option to
address it, along with the lack of resources or capability to implement equally prof-
itable options, insufficient incentives to address the problems and implementation
of solutions that have off-site effects (e.g., sedimentation caused by soil erosion or
contributions to global climate change or biodiversity). On the other hand there is a
lack of clear and secure property rights, missing or incomplete markets (e.g., poorly
functioning output, land, labour or credit markets), social institutions and prefer-
ences (e.g., social norms preventing women from being able to make land improving
investments in some countries), and difficulties of attaining effective coordination
and collective action where it is necessary to improve land management (e.g., in
managing rangelands or improving watershed management). The effectiveness of
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prescribed policy and programme approaches for the promotion of SLM depends
on how well they address such underlying problems.

Combating land degradation and desertification thus should lead to an increase
in rural incomes, which would allow people to get access to health and other public
services. Similarly, efforts to force farmers to use prescribed soil and water con-
servation measures, build terraces or to plant unsuitable trees have sometimes led
to increased land degradation as a result of poor maintenance or destruction of the
measures due to farmers’ opposition. Often land use changes are associated with
increased erosion or salinity build up having thus negative effects on soil quality.

Despite of the obvious importance of interactions between the policy and politi-
cal environment and land degradation processes, there is currently little work that
has directly addressed how policies, and the political decisions influence and shape
global land degradation and desertification. Although some work has shed impor-
tant light on the role of actors, actor networks and stakeholders’ political interests
in both alleviating or exacerbating desertification, much work still remains to be
done with regard to the specific role that policy and politics play in influencing land
use decisions with potential negative effects on degradation processes. What is the
impact of political conflicts on resource base degradation? There are many examples
showing that increased political and social unrest and instability leads to increased
poverty and degradation of natural resources.

Recent evidence suggests that soil erosion risk is decreasing in the EU countries
(OECD, 2008). Positive results in increasing soil organic matter content in the US
soils are reported as well for the areas under conservation reserve programmes or
CRP. However, this should not be considered as the fight with land degradation is
over in these regions or in these particular aspects. If we win one battle there are
many others to be won. Thus there is the need more than ever for a Directive for
Soil Protection in Europe and not to use the above positive examples to induce
complacency.

There is a need to explore why Governments at various levels, take actions on
environmental protection during certain periods and afterwards tend to forget either
to follow them up or even to evaluate their effectiveness. This leads to argue about
the existing political, governance, and decision-making processes, which amongst
other things question the influence of international conventions — especially of the
UNCCD as a main driving force, or do these actions, derive from more prag-
matic reasons? The problem is that people can’t wait until a tsunamy, hurricane,
earthquake or any other form of natural disasters occurs so that decision makers
could take action. History shows that in the 1930s it was not until the clouds of
wind-eroded sands from Midwest USA reached the Congress at Capitol Hill in
Washington DC, that action was taken to prevent from happening again this “great
dust bowl”. The USDA Soil Conservation Service (USDA SCS) was set up in that
decade as a direct result of those powerful reminders. Since then, due to a concerted
campaign based on conservation measures including strip contouring and (more
recently) no-till farming promoted by the USDA Natural Resources Conservation
Service (former SCS), the situation has been reversed and the Midwest is one of the



12 P. Zdruli et al.

most productive agricultural regions in the world. This is an extraordinary historical
example of reversing land degradation: it is a lesson that must not be ignored!

So, can we win the struggle with land degradation? Yes we can (as it was shown
in this conference), but we need to be aware first that sustainable land management
can only be assured if all the components of the equation are given equal importance
in a holistic and integrated manner. We need to be also conscious that there are
no “ready recipes” for each farm, nation, region, and beyond. They need to be
“tailored” according to specific conditions and we should be also prepared that this
fight might be quite long.
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Chapter 2

Moving Ahead from Assessments to Actions:
Could We Win the Struggle with Soil
Degradation in Europe?

Luca Montanarella

Abstract The EU Thematic Strategy for Soil Protection has identified eight major
threats to European soils. They include erosion, organic matter decline, com-
paction, salinisation, landslides, contamination, sealing and biodiversity decline.
Yet a Framework Directive for Soil Protection as a legally binding document for
all the EU member states has to become reality. This chapter emphasises the impor-
tance of soil functions and services in support of Europe’s agricultural productivity
and environmental sustainability. It draws conclusions also on the elaborated avail-
able soil legislation in the EU and explores the linkages between policy measures,
implied agricultural soil conservation practices and soil degradation processes.
It also emphasise the needs for additional soil research and awareness activities
throughout Europe to further support soil conservation.

Keywords EU - Soil thematic strategy - Soil threats - Legislation - Research - Soil
awareness

2.1 Introduction

The adoption of the EU Thematic Strategy for Soil Protection by the European
Commission on 22 September, 2006 has given formal recognition of the severity
of the soil and land degradation processes within the European Union and its bor-
dering countries. The Strategy includes a communication (European Commission,
COM(2006)231) outlining the strategy, a proposal for framework directive for soil
protection (European Commission, COM(2006)232) as a legally binding instru-
ment and an extended impact assessment (European Commission, SEC(2006)620)
that has quantified soil degradation in Europe, both in environmental and economic
terms.
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This impact assessment is based mainly, but not exclusively, on reports (Van-
Camp et al., 2004a, b, c, d, e, f) by the Joint Research Centre (JRC) of the
Commission and the Working Groups set up to assist the Commission, and reports
carried out for the Commission in assessing the economic impacts of soil degra-
dation and economic, environmental and social impacts of different measures to
prevent soil degradation.

Auvailable information suggests that, over recent decades, there has been a signifi-
cant increase in soil degradation processes, and there is evidence that these processes
will further increase if no action is taken. Soil degradation processes are driven or
exacerbated by human activity. Climate change, together with individual extreme
weather events, which are becoming more frequent, will also have negative effects
on soil.

Soil degradation processes occurring in the European Union include erosion,
organic matter decline, compaction, salinisation, landslides, contamination, sealing
and biodiversity decline.

The strategy proposed by the European Commission is based on four pillars:
A binding legislative instrument (the proposed soil framework directive), inte-
gration of soil protection into existing legal instruments at European level, new
and enhanced research activities related to soil protection and a renewed effort in
awareness raising initiatives.

2.2 Framework Legislation for Soil Protection

The European Commission has proposed a draft soil framework directive as one of
the essential elements of the soil thematic strategy. The proposed directive contains
a large number of innovative approaches to soil protection that, if fully implemented,
would lead to substantial reversal of the current negative trend in soil degradation in
Europe.

At the core of the directive is the definition of soil as the full layer of unconsol-
idated materials from the surface down till the bedrock. Such a definition largely
exceeds the traditional “pedological” definition of soils (WRB, 2006): ... . any
material within 2 m from the Earth’s surface that is in contact with the atmosphere,
with the exclusion of living organisms, areas with continuous ice not covered by
other material, and water bodies deeper than 2 m. The directive therefore aims to
comprehensive soil protection beyond the traditional views relating soil protection
strictly to the protection of its agricultural function. Indeed the directive fully rec-
ognizes the multi-functionality of soils and aims towards the protection of these
functions more then the actual protection of the soil per se.

The main functions recognized by the directive are:

(a) biomass production, including in agriculture and forestry;

(b) storing, filtering and transforming nutrients, substances and water;
(c) biodiversity pool, such as habitats, species and genes;

(d) physical and cultural environment for humans and human activities;
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(e) source of raw materials;
(f) acting as carbon pool;
(g) archive of geological and archaeological heritage.

The list of functions identified within the directive do not precisely match the
traditional six functions recognized by the soil science community (Blum, 1993), but
have been selected as well for their relevance to stakeholders and decision makers
in general. In particular the function of soils as major carbon pool has been singled
out as a very crucial function within the current climate change debate (Lal, 2000).

In order to achieve the protection of the above functions of soils in Europe,
an approach by priority areas is proposed: Member States are required to delin-
eate priority areas for measures to combat the various soil threats as identified by
the directive in Annex I: Erosion, loss of organic matter, compaction, salinization,
landslides. A separate approach is proposed for soil contamination, addressing the
issue of contaminated sites, their inventory and successive restoration measures.
The criteria for the delineation of priority areas have been proposed in annex I to
the directive and have been derived from the results of a specific working group of
the European Soil Bureau Network (European Soil Bureau, 2006). The proposal by
the European Commission received already positive opinions from the Committee
of the Regions, the Economic and Social Committee and the European Parliament
that adopted a favourable opinion both of the strategy and the proposed directive.

The Council still has not achieved a common position of the 27 EU Member
States, despite substantial efforts by the Portuguese and French Presidencies to reach
consensus. Five EU Member States have formed a blocking minority for different
reasons: Germany, Austria and The Netherlands for reasons of subsidiarity, claiming
the lack of competence of the European Union in legislating about an issue like soils,
which are to be considered of strictly local, and therefore National competence. The
United Kingdom and France have objections of proportionality and costs, claiming
that the actual economic benefits of the proposed directive would not out weight the
cost of implementation. This in clear contradiction to the extended impact assess-
ment that has documented that the total costs of soil degradation just for erosion,
organic matter decline, salinization, landslides and contamination, on the basis of
available data, would be up to €38 billion annually for EU25.

Despite the current difficulties in the acceptance by the EU Member States of
the soil framework directive, soil protection activities are increasing in Europe in
the framework of the soil thematic strategy thanks to the initiatives within the other
three pillars of the strategy: integration, research and awareness raising.

2.3 Integration
Several existing policies and legislative instruments at EU level already allow

achieving extensive soil protection targets. Among them, certainly the Common
Agricultural Policy (CAP) can be an instrument to achieve improved soil
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conditions in agricultural land. In the framework of the Cardiff-Process (European
Commission, 1998, COM/98/0333), environmental objectives are to be integrated
into EU sectoral policies, including the Common Agricultural Policy (CAP).
Consequently, the protection of the environment is an important objective of the
CAP. The CAP comprises two principal forms of budgetary expenditure: market
support, known as Pillar One, and a range of payments for rural development
measures known as Pillar Two.

Cross-compliance, a horizontal tool for both pillars and compulsory since the
implementation of the CAP reform 2003 (Council Regulation (EC) No 1782/2003),
plays an important role in soil protection, conservation and/or improvement. Under
cross-compliance rules, the receipt of the single farm payment and payments
for eight rural development measures under axis 2 is conditional on a farmer’s
compliance with a set of standards.

First, enforcement of implementation and control of EU environmental directives
were promoted through compliance with the Statutory Management Requirements
(SMR: Annex III). Second, the Good Agricultural and Environmental Conditions
(GAEC: Annex IV) were introduced to prevent land abandonment that could result
from the decoupling of direct aids from production. GAEC specifically include
protection against soil erosion, maintenance or improvement of soil organic mat-
ter, and maintenance of a good soil structure. The fact that GAEC are defined at
national level enables Member States to address soil degradation processes flex-
ibly according to national priorities and local needs. Some Member States used
GAEC to compensate for gaps in their existing national legislation on soil pro-
tection, while other Member States already had a legislative basis in place and
merely adopted it for cross-compliance. This has resulted in the situation that
national designs of GAEC are highly variable in scope and detail of describing
measures.

Within the second pillar of the CAP, a wide range of measures can be supported
under Council Regulation (EC) No 1698/2005. Member States and regions are
obliged to spread their rural development funding across three thematic axes, (1)
competitiveness; (2) environment and land management; and (3) economic diver-
sity and quality of life, with minimum spending thresholds applied per axis (i.e.
10% for axes 1 and 3, and 25% for axis 2). “LEADER” is a horizontal axis (min-
imum spending of 5%; 2.5% in the new Member States) complementing the three
thematic axes. Axis 2 measures are of particular interest within the scope of soil pro-
tection, since both environmental improvement and preservation of the countryside
and landscape encompass soil degradation processes. Regarding this axis, Member
States are encouraged to focus on key actions; of which some explicitly refer to soil,
such as the delivery of environmental services, in particular water and soil resources;
or stressing the role of soils in adapting to climate change.

Currently the most important pieces of environmental EU legislation with respect
to soil quality are the Nitrates Directive (91/676/EEC) and the Water Framework
Directive 2000/60/EC). Others also have beneficial effects but these are smaller, as
a result of the specificity of their objectives.
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e The Water Framework Directive 2000/60/EC), including its daughter direc-
tives such as the new Groundwater Directive has the objective to prevent and
reduce pollution, promote sustainable water use, protect the aquatic environment,
improve the status of aquatic ecosystems and mitigate the effects of floods and
droughts. Because of the link between water and soil quality, measures taken
under the Water Framework Directive may contribute to reducing soil contami-
nation, with expected positive side-effects on soil biodiversity. Soil degradation
processes (especially erosion and local and diffuse soil contamination) were iden-
tified as impacting on water quality, rather than being positively affected by
improved water quality.

e The Nitrates Directive (91/676/EEC) is designed to protect the Community’s
waters against nitrates from agricultural sources, one of the main causes of water
pollution from diffuse sources, and is thus primarily targeting water quality.
However, it is expected to have positive effects on local and diffuse soil pollu-
tion by nitrates (and phosphates). Also in particular cases, soil compaction might
be positively affected, as fertiliser spreading is banned in the winter period (with
prevailing wet or water-saturated soils).

e Avoiding pollution or deterioration of agricultural soils is regarded as an implicit
precondition for the protection or recovery of habitats under the Birds Directive
79/409/EEC) or the Habitats Directive (92/43/EEC). Soil biodiversity is likely to
benefit from the (extensive) farm practices by the implementation of these direc-
tives. Positive effects on (local and) diffuse soil contamination are expected too.
A coherent European ecological network known as “Natura 2000 is integrating
the protected areas of both directives.

e The Sewage Sludge Directive (86/278/EEC) addresses the decline of organic
matter and soil contamination, through regulating the use of sewage sludge
on agricultural land, while encouraging its correct use (through the application
of limits on the concentrations of certain substances, or outright bans where
needed).

e The Plant Protection Products Directive (91/414/EEC) concerns the authorisa-
tion, placing on the market, and use and control within the Community of plant
protection products in commercial use. It will be replaced with a Regulation
once the Commission proposal (COM (2006) 388) is adopted by the Council and
the European Parliament. This Regulation will be complemented by a Thematic
Strategy on the Sustainable Use of Pesticides and its corresponding legislative
proposal for a Framework Directive (COM(2006) 373 final) which address risks
resulting from the actual use of pesticides (mainly plant protection products and
biocides). Both pieces of legislation are expected to have repercussions for soil
contamination and soil biodiversity.

The literature review and the policy implementation survey in the EU-27 show
that there is a large spectrum of policy measures favouring soil protection through-
out the EU (EC-JRC, 2008). These measures are implemented at the national and
regional level and take account of the local conditions, and in doing so use the
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flexibility provided within the legislative EU frame. It is necessary to explore the
linkages between available policy measures, implied agricultural soil conservation
practice and soil degradation processes. This link can be either two-stage, by sup-
porting or requiring a specific farming practice which positively affects soil quality,
or one-stage with a direct link to soil quality. Especially with regard to voluntary
incentive-based measures, it is important to monitor the uptake, as this provides
an indication of their relevance to the social, economic and natural environment of
farms and to their likely impact. Increasing awareness and advice have an important
effect on levels of uptake and compliance with prescriptions.

2.4 Research

Research is the third pillar of the soil strategy. Soil research activities have been
largely neglected in previous times by major research funding agencies (Hartemink,
2008). Indeed the large knowledge gaps still existing have been extensively recog-
nized by the EU soil strategy and have been indicated as one of the main reasons for
the lack of policy action in achieving better soil protection in Europe. Particularly
the area of soil biology has been singled out as a topic for future research priorities
at EU level.

Recently first signals of a reversal of the negative trend in soil science related
research could be detected (Hartemink and Mc Bratney, 2008). A substantial
increase of publication rates as well as of research funding dedicated to soil science
could be observed.

At European level, important new research initiatives have been funded within
the 7th Framework Programme for Research and Development (FP7) starting from
2007. Projects like DIGISOIL, ISOIL, eSOTER, SOILSERVICE and others will
substantially contribute to filling the gap identified by the soil strategy. Direct
research actions of the European Commission through the Joint Research Centre
contribute as well, particularly developing the European Soil Data Centre (ESDAC)
and further developing the European and Global soil databases and information
systems.

2.5 Awareness Raising

The last of the four pillars of the soil thematic strategy is probably the most relevant:
Without a substantial awareness raising effort at all levels it will be rather diffi-
cult to make substantial progress in soil protection in Europe. Soils are still largely
neglected by the public opinion and are usually seen just a surface for building
housing and infrastructure or as a dumping place for waste and other materials.
The active role that soils play in the ecosystem in providing many key services
to us, like clean water, healthy food, biodiversity, pollutants storage and filtering,
raw materials, etc... . is largely neglected and hardly recognized by the average
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European citizen. It is therefore of the highest importance to increase the invest-
ments and efforts towards increased awareness among the European citizens of the
importance of soils and of the necessity of protecting this limited resource for future
generations.

Educational activities in schools at all level should be further encouraged and
increased, as well as the organization of media events and the compilation of
communication materials. The European Commission, through its Joint Research
Centre, has already launched several initiatives in order to raise awareness on soil
protection needs. The European Summer School for Soil Survey, as well as the
compilation of the Soil Atlas of Europe (Jones et al., 2005), are among successful
initiatives to bring soils closer to the wider public. Still a lot needs to be done in
order to get the awareness of the need of soil protections at levels comparable to the
protection of air and water.

2.6 Conclusions

Can we win the struggle with soil degradation in Europe? In the previous paragraphs
we have tried to highlight the actions proposed by the European Commission as well
as their status of implementation. The lack of actual monitoring data for soils across
Europe prevents us from providing hard evidence of current trends; nevertheless
first signals of positive developments can be detected.

The recently published report by OECD (2008) reports that overall for the OECD
there has been some improvement or stability in soil erosion, from both water and
wind. An increase in the share of agricultural land within the tolerable erosion risk
class has been accompanied by a reduction in areas at moderate to severe erosion
risk. No clear explanation of the causes of such positive trend in OECD countries
is provided; nevertheless these findings are also confirmed by recent results of the
JRC, confirming that the overall trend in Europe is of a constant decline of soil
erosion rates, mainly due to the growth of forest areas within the European Union,
thus achieving better protection of the soils from water erosion processes.

Unfortunately only limited soil monitoring activities exist (Arrouays et al., 2008)
within Europe, making any assessment of time trends of the various soil threats
practically impossible at EU scale. Certainly the full implementation of the EU Soil
Thematic Strategy, including the proposed Soil Framework Directive, would allow
winning the struggle against land degradation in Europe. First signals of a reversed
trend are there and an increased awareness of the importance of soils as an asset for
future generations may create sufficient political consensus for reaching the ultimate
goal of a sustainable soil management for Europe.
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Chapter 3

Moving Ahead from Assessments to Actions
by Using Harmonized Risk Assessment
Methodologies for Soil Degradation

C.L. van Beek, T. Téth, A. Hagyo, G. Téth, L. Recatala Boix, C. Aii6 Vidal,
J.P. Malet, O. Maquire, J.H.H. van den Akker, S.E.A.T.M. van der Zee,
S. Verzandvoort, C. Simota, P.J. Kuikman, and O. Oenema

Abstract Almost all developed countries use risk assessment methodologies
(RAMs) for the evaluation of risks related to soil degradation, viz. soil organic mat-
ter decline, erosion, landslides, salinization and/or compaction. However and for
various reasons, seldom the use of such RAMs seldom results in actual measures to
combat soil degradation in practice. In this study the current status of RAMs in EU-
27 was evaluated and factors hampering the implementation of action plans were
explored. To do so we used a so-called risk assessment chain, which describes the
five successive steps of any risk assessment for soil threats viz., (1) notion of the
threat, (2) data collection, (3) data processing, (4) risk interpretation and (5) risk
perception. Based on this assessment we identified three factors that hampered the
execution of measures to combat soil degradation following the application of soil
RAMs:

e Many RAMs are incomplete and focus on the first steps of the risk assessment
chain, and ignore the decision for action to combat land degradation;

e Member states preferably monitor soil threats that are clearly present (e.g. land-
slides) and may overlook “slow killers” like compaction and soil organic matter
decline.

e Different RAMs for the same threat provide different results for the same expo-
sure. This undermines the scientific credibility of the RAMs and the plausibility
of the severity of the threat and may result in loss of commitment to take remedial
actions.

These factors may be overcome by harmonizing RAMs, i.e. by making results
comparable and/or compatible. Therefore, complete RAMs, i.e. covering all aspects
of the risk assessment chain, should be developed for each threat and different
RAMs for the same threat should be made intercomparable, i.e. yield similar risk
perceptions for a certain exposure to a threat. We recommend implementing a Tiered
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methodology, where the Tier 1 method is a standardized and uniformly applicable
method across EU-27, at a relatively low spatial resolution and is used to identify
areas at risk. The Tier 2 method is a regional-specific and more detailed assess-
ment of the risk in the areas identified by the Tier 1 method, where the Tier 2
method is harmonized to the Tier 1 method. We urge to initiate this process timely
considering that as long as different unharmonized soil RAMs are used simultane-
ously, the implementation of remedial measures will be frustrated by ambiguous
results.

Keywords Erosion - Compaction - Landslides - Soil organic matter decline -
Salinization

3.1 Introduction

In many countries risk assessment methodologies (RAMs) are used for the evalua-
tion of risk related to soil degradation, e.g. soil organic matter decline, salinization,
compaction, erosion and landslides. These soil RAMs generally consist of five suc-
cessive steps that are visualized in Fig. 3.1. The notion of the threat refers to the
definition of threat. Data collection refers to data derived from field measurements,
remote sensing images and/or data statistics on land use, climate, etc. Data process-
ing involves the quantification of a rate or state of the soil threat, using simulation
modelling, empirical modelling, factorial assessment or expert evaluation of the
data. Data interpretation refers to the comparison of the rate or state of the soil
threat with previously defined threshold values. In the final step, the risk perception
step and the risk of the soil threat is assessed in terms of the sense of urgency of
actions and remedial measures. Based on this final step legal authorities may decide
to adopt action plans to halt soil degradation.

Risk perception

f

Data interpretation

f

Data processing

f

Fig. 3.1 The risk assessment Data collection
chain, starting with the

definition (notion) of the soil T

threat (below) and ending Notion of threat

with risk perception (top)
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However, currently many different RAMs are used and the use of different
RAMs for one and the same threat puts the plausibility of the results at stake.
Kamrin (1997) reported an interesting case, which refers to fish consumption in
the USA. In the USA several federal states bordering the Great Lakes used differ-
ent RAMs to evaluate risks related to consumption of sport fish. In this case the
use of different RAMs resulted in conflicting advices about consumption, notwith-
standing that it concerns the same fish. Ultimately the use of different RAMs
resulted in ambiguous interpretation of risk exposures and loss of public sup-
port to policy. This may hold equally well for policies meant to decrease soil
degradation.

At present, there is a non-binding soil thematic strategy at force in EU-27 (EU,
2006). In the future a soil thematic directive is foreseen, which will be based in part
on the soil thematic strategy, and which may result in more obligations towards the
protection of soils in EU Member States. Provided that the soil framework directive
does come into practice, Member States will be obliged to assign priority areas for
all soil threats within 3 years following the ratification of the Directive. For the
priority areas action plans to mitigate soil degradation have to be developed and
executed. The designation of priority areas will likely be performed using RAMs.
The current use of different RAMs is detrimental for reasons of incompatibility of
results and hence possibly subjective identification of priority areas. Ultimately, the
use of different RAMs may have consequences for equal market access throughout
the EU-27 when these RAMs are used to define measures that will restrict certain
economic activities.

The use of different soil RAMs is not necessarily detrimental, as long as
results are comparable and/or compatible. This is the objective of harmonization,
although the term harmonization is subject to quite some discussion as there are
different perceptions and interpretations. Here, harmonization is defined as mak-
ing results compatible or comparable, hence consistent, and thereby minimizes
the differences between standards or measures with similar scope. Harmonization
can be applied at all levels of the risk assessment chain. The most direct way
of harmonization is by making risk perceptions of different RAMs comparable,
i.e. harmonization at the highest possible level of the risk assessment chain. This
could be achieved using conversion factors to calculate the outcome of one RAM
into the other. However, such an approach is impossible when the notions of
the soil threat differ and cause-effect relationships are non-linear. In these cases
each level of the risk assessment chain has to be harmonized. An extreme form
of harmonization is standardization in which all procedures and methodologies
at all levels of the risk assessment chain are prescribed. The concepts of har-
monization and standardization used in this study are schematically visualized in
Fig. 3.2.

The current use of unharmonized RAMs for soil threats may result in differ-
ent, and possibly conflicting, outcomes with regard to the severity of a soil threat.
This puts the plausibility of soil RAMs at stake and may have consequences for the
implementation of actions plans to combat soil degradation. Therefore, an inven-
tory was made on the use of different RAMs for salinization, erosion, landslides,
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Harmonzation

l Risk perception Risk perce ption |
1 t

l Data interjretation Data interpre ntion |
x x
| i

l Data processing Data processing |
1 f

l Data collection Data collection |
t t

l Notion of threat Notion of threat I

RAM 1 RAM 2

Fig. 3.2 Conceptual visualization of the meanings of harmonization and standardization of RAMs
as used in this chapter. The triangle in between the two risk assessment chains represents the
increasing divergence of (intermediate) results of two RAMs, from bottom to top. Standardization
(bold vertical arrow) applies to prescribed procedures and activities at each level of the risk assess-
ment chain, whereas harmonization (horizontal arrows) implies the use of conversion factors at
the highest possible level (most direct way, indicated by dark colour) and possibly at other levels.
Ultimately, both standardization and harmonization should result in comparable risk perceptions

compaction and soil organic matter decline in EU-27 and options for harmonization
were explored so as to pave the way for consistent actions to halt soil degradation
in EU-27.

3.2 Materials and Methods

To obtain an overview of RAMs currently used across EU-27, questionnaires were
sent out to scientists and policy makers in all Member States of the EU-27. We made
six different questionnaires, one for each soil threat (called “thematic question-
naire”) and a general policy questionnaire. Each questionnaire was sent to national
contact persons, or in case of decentralized governments, to regional contact per-
sons. The policy questionnaire focused on the decision factors of policy makers
to adopt and use RAMs (or not) in national or regional legislations. The policy
questionnaire also inquired about the position of RAMs for each threat within the
institutional structures and about the perception of urgency of the different threats.
Thematic questionnaires focused on the scientific and technical details of the RAMs
related to the steps in the risk assessment chain of Fig. 3.1. Questions referred
to different fields of discipline, viz. policy relevance, responsiveness, analytical
soundness, data availability and measurability, ease of interpretation and cost-
effectiveness of the RAMs. More details about the questionnaires, the distribution
of the questionnaires and the database can be downloaded from www.ramsoil.eu.
Scientific literature reviews and web searches on the implementation on actions
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plans to combat soil degradation completed the assessment of the current status
of soil RAMs in EU-27.

Additionally, two case studies were performed on the diversity of outcomes when
using different RAMs for the same location. The case studies concerned (i) soil
erosion in Romania and (ii) soil compaction in The Netherlands. For soil erosion in
Romania two RAMs were used: the SIDASS-WEPP approach (Simota et al., 2005)
and the PESERA approach (Kirkby et al., 2008). The following scenarios were used:

e PESERA modelling (JRC simulations) using the raster with 1 km grid for soil
properties coming from the EU-s0ilGIS scale 1:1,000,000, raster from Corine
Land Cover with 1 km grid and DEM with the grid space of 1 km.

e SIDASS modelling (WEPP methodology) with slope based on Slope index linked
with each polygon in soil map of Europe at the scale of 1:1,000,000.

For soil compaction in The Netherlands the methods described by Jones et al.
(2003) and the SOCOMO model (van den Akker, 2004) were compared. The
“Jones” method uses FAO-UNESCO soil texture classes and pedotransfer func-
tions for estimating subsoil densities. The subsoil densities are subsequently used
to estimate the current packing density, which is considered as an indicator for
susceptibility for soil compaction as shown in Table 3.1.

The SOCOMO model uses data from national soil maps and calculates the
allowable wheel load based on texture classes as shown in Table 3.2.

More details about the case studies can be found in Téth et al. (2009) and
Hoogland and van den Akker (2009).

Table 3.1 Susceptibility to compaction depending on soil texture and packing density (After
Spoor et al., 2003)

Packing density

Texture class Low <l.4gcm™> Medium 1.4-1.75 gecm™  High>1.75 gcm™
Course Very high High Moderate

Medium (<18% clay) Very high High Moderate

Medium (>18% clay) High Moderate Low

Medium fine (<18% clay)  Very high High Moderate

Medium fine (>18% clay) High Moderate Low

Fine Moderate Low Low

Very fine Moderate Low Low

Organic Very high High -
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Table 3.2 Soil mechanical properties and allowable wheel loads of a Terra Tire 73 x 44.00 — 32 at
pF 2.5 dependant on soil texture classes. F_Pv is the allowable wheel load based on compression
strength (SS); F-MC is allowable wheel load based on shear strength (Mohr Coulomb equation
with cohesion C and angle of internal friction ¢)

Texture Clay content C (kPa) ¢ (°) SS (kPa) Depth(cm) F_Pv (kN) F-MC (kN)
Course sand <8 10 32 240 32 125 29
Sand <8 12 28 198 32 103 30
Sandy loam <8 10 32 122 32 62 29
Sandy loam  8-18 10 32 140 27 66 29
Clay loam 18-25 14 31 79 27 36

Light clay 18-35 26 36 118 22 49

Medium clay 35-50 26 36 96 22 39

Heavy clay  >50 34 38 114 22 48

Sandy silt <18 15 39 82 22 29

Silt loam <18 26 37 110 22 47

“—SOoONOURWN=O

—o

L

Fig. 3.3 Number of RAMs used to assess different aspects of soil degradation (all threats). The
number of applied RAMS increases from light to dark

3.3 Results and Discussion

3.3.1 Inventory of Soil RAMs

Following the results of the questionnaires it appeared that all but one EU Member
State used at least one soil RAM, and/or was working on the implementation of
one or more soil RAMs (Fig. 3.3). Countries with federal or autonomous regional
governments like Germany and Spain used different RAMs for different regions.
For these countries the total number of applied RAMs may exceed the number of
considered soil threats (5).

Off all reported RAMs more than 50% was still in development (Table 3.3). Of
the remaining 50% that was already in practice, the majority concerned process
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Table 3.3 Countries that report one or more RAMs in practice (x) or in development
(*). Underlined symbols indicate regional organization of RAMs. Numbers refer to publica-
tion of RAM in literature (i.e. no returned questionnaire). Data from all (policy + specific)
questionnaires

Erosion SOM decline Salinization Compaction Landslides

Austria

Belgium X
Bulgaria

Czech Republic X X X X X
Denmark
Estonia
Finland X
France X
Germany X
Greece *
Hungary X
Ireland

Italy * 1 X 2
Latvia
Lithuania
Luxembourg
Malta
Netherlands
Poland X
Portugal

Romania X
Serbia
Slovakia
Slovenia
Spain
Sweden
UK 3

* 1>

kel
>

*
*
*
*
*

[
*

\%
-

>

quantifications, rather than risk assessments, i.e. only performed the first 3 steps of
the risk assessment chain of Fig. 3.1. In other words, the majority of the RAMs yield
a rate or state of the soil threat. However, a rate or state of a soil threat doesn’t tell
a policy maker whether action should be taken now, within months or somewhere
in the future, let alone, what action should be taken. This incompleteness of RAMs
puts the unambiguous interpretation of soil threats at stake, as outcomes at different
levels in the risk assessment chain, e.g. results of the data processing step and the
data interpretation step, cannot be compared.

There were some clear differences between soil threats with regard to develop-
ment of RAMs. For instance, the developments of RAMs for landslides were ahead
of the development of RAMs of other soil threats in terms of completion of the
risk assessment chain and in terms of harmonization. This has several reasons: (1)
landslides occur in a limited number of countries, (2) most landslides occur instan-
taneous and consequences are almost always catastrophic, which is a strong driver
for policy makers and (3) external parties, e.g. insurance companies, demand for
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unequivocal risk assessments. In the data processing and data interpretation steps
of the risk assessment chain, landslide RAMs combine expert judgment, empirical
approaches and to a lesser extent mathematical simulations. Currently, a trend in
harmonizing procedures and proposing standards is gaining ground in the landslide
scientific community following the execution of various EU-funded projects, though
differences in terminology may still hamper exchanges of information.

Most RAMs were found for erosion and SOM decline (Table 3.3), which reflects
the widespread appearance of these phenomena. For salinization least RAMs were
observed, which is probably related to the limited number of countries in which
this threat occurs. Table 3.3 also shows that for SOM decline the majority of the
RAMs was still in development, while for erosion and compaction the majority
of the RAMs was already in practice. More details about the inventory of current
RAMs in Europe can be found in van Beek et al. (submitted).

3.3.2 Case Studies

The case study on erosion in Romania showed that the use of different RAMs
yielded differences in the estimation of spatial distributions and patchiness of ero-
sion (Fig. 3.4). Moreover, the use of different RAMs resulted in different estimations
of the affected areas when a certain threshold (in this case 1 t ha™' y~!) was applied.
Differences in affected areas may yield up to 36% depending on the use of different
soil RAMs and on the spatial scale of data input (not shown).

The case study on compaction in the Netherlands showed large discrepancies in
spatial occurrence and severity of the threat (Fig. 3.5). However, a major part of
the differences was caused by the differences in indicator used in the RAMs, viz.
allowable wheel load in the SOCOMO approach and vulnerability to compaction in
the “Jones” approach. The definition of the indicator is part of the first step of the risk
assessment chain (Notion of threat, Fig. 3.1) and hence this case study demonstrates

Fig. 3.4 Soil loss (t ha! y~!) in Romania evaluated using SIDASS-WEPP model and map of
Europe scale 1:1,000,000 (above, left) and using PESERA model at 1 km grid (above, right).
Source: Téth et al. (2009)
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Fig. 3.5 Vulnerability to compaction based on susceptibility and climate (leff) and maximal
allowable wheel load of a Terra Tire 73 x 44.00 — 32 on soil with pF 2.5 (right)

that differences in the first step in the risk assessment chain results in incomparable
outputs in the data processing step.

3.3.3 Implementation of Actions Plan

There are currently more than 200 treaties, agreements, conventions and protocols at
force in the field of environment, but only a few of them are directed towards the pro-
tection of soil (EEA, 2000). Spain has a national action plan to combat erosion and
desertification (MARM, 2008) and the UK has a national soil action plan (DEFRA,
2004). Furthermore Greece, Italy and Portugal have regional action plans to com-
bat desertification, which includes aspects of soil erosion (www.MIO-ECSDE.org).
These national initiatives are just a fraction of the RAMs that are currently in
practice or in development in EU-27 (Table 3.3). This observation demonstrates
the difficulties that are experienced by policy makers going from inventory of risk
exposures towards action plans to prevent these risks.

3.4 Conclusions and Outlook

At present, the use of RAMs for soil degradation in EU-27 seldom results in the
implementation of action plans to reduce soil degradation effects. This would sug-
gest that soil degradation is not a serious issue in EU-27. However, various reports
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(e.g.) Greenland (2006), van Lynden (1995) and EEA (2000) indicate that soil degra-
dation is a serious issue in EU-27. These conflicting results are based in part on the
following facts:

— Incompleteness of RAMs for soil degradation assessment: the vast majority of the
reported RAMs are process quantification as they yield a rate or state of a soil
threat, but do not provide information about the actual risk perception (notably
the final step of the risk assessment chain in Fig. 3.1). The risk perception should
tell policy makers whether the risk is acceptable or not. However, to establish
risk classes the contribution of policy makers to the development of RAMs is
warranted as risk perception is not only a matter of scientific understanding, but
also about social acceptance and political willingness.

— Uneven attention by policy makers between different threats: Our results showed
that RAMs for “high impact” threats like landslides and erosion were much fur-
ther elaborated than the “slow Kkillers” like compaction and soil organic matter
decline. However, “slow killers” are often predisposing factors for “high impact”
threats and therefore should be part of an integrated assessment to combat soil
degradation.

— The use of different RAMs result in different, and possibly conflicting, risk per-
ceptions and inability to compare outputs of RAMs due to differences in notions of
the threat. This may ultimately have consequences for the assignment of priority
areas and the public support to policies.

Abovementioned shortcomings may be overcome when RAMs are harmonized.
However, harmonization of soil RAMs is not an easy task as soil RAMs have
often certain regionally specific characteristics that can not be easily incorporated in
another soil RAM. For that reason we suggest a two-tier approach for the identifica-
tion of geographical areas at risk for soil threats. The Tier 1 method is a standardized
and uniformly applicable method across EU-27, at a relatively low spatial resolu-
tion and is used to identify areas at risk. The Tier 2 method is a regional-specific and
more detailed assessment of the risk in the areas identified by the Tier 1. Hence, the
Tier 1 method is similar for all Member States of EU-27, while the Tier 2 method
is chosen on the basis of its specificity for areas/regions or Member States, by the
Member States in question. The results of the Tier 2 approach should be compared
and harmonized as far as possible with the results of the Tier 1 approach. The results
of a number of recent explorative studies on the occurrence of soil threats in EU-27
may be used as a starting point for the identification of proper Tier 1 methods.

If such a two-tier approach appears to be not feasible, for whatever reasons,
we recommend “generic harmonization”, i.e. combining standardization and har-
monization at all levels of the risk assessment chain for all RAMs in use. For
instance, the notion of the threat, data collection and risk perception steps of the
risk assessment chain are standardized (i.e. prescribed) whereas the data processing
and data interpretation steps are harmonized, i.e. member states can use the mod-
els and threshold values that are most applicable to their (environmental) situation.
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With regard to data collection several programmes/manuals are available that pro-
vide already standardized data inventories (Kibblewhite et al., 2008). However, this
“generic harmonization” will be a major undertaking as we noticed that differences
occur between RAMs at each level of the risk assessment chain. We urge to initiate
this process timely considering that as long as different unharmonized soil RAMs
are used simultaneously, the implementation of remedial measures will be frustrated
by ambiguous interpretation of data.
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Chapter 4

¢“Zero-Tolerance” on Land Degradation

for Sustainable Intensification of Agricultural
Production

Minh-Long Nguyen, Felipe Zapata, and Gerd Dercon

Abstract The demand to improve soil health, arrest land degradation, in particular
desertification in agro-ecosystems and protect land and water resources for food pro-
duction and sustainable agricultural and socio-economic development is expected
to increase in the next 50 years as a result of the continuing worldwide popula-
tion growth and the increased reliance on limited natural resource-based economy.
Moreover, the intensive competition for land and water resources from industrial,
urban and other sectors and the impacts of widespread soil degradation and global
climate change will place increasing pressure on the need to improve sustain-
able land and water use and management. The objective of the Soil and Water
Management & Crop Nutrition (SWMCN) Subprogramme of the Joint FAO/TAEA
Division of Nuclear Techniques in Food and Agriculture is to assist Member States
to use isotopic and nuclear-based techniques to diagnose constraints and pilot-test
interventions to intensify crop production in a sustainable manner through the inte-
grated management of soil, water and nutrient resources without land degradation.
This objective is pursued through a range of activities including (a) co-ordinated
research projects (CRP) which involve international networks of national agricul-
tural research organizations from developing countries, advanced research institutes
and CGIAR institutions, and (b) technical co-operation projects (TCP) that promote
technology transfer through technical support and institutional capacity building
in FAO and IAEA Member States. This chapter will report on the application of
isotopic and nuclear techniques to unravel processes and factors that affect land
degradation and major findings obtained from both CRPs and TCPs that were aimed
to avoid and mitigate land degradation. Since land degradation includes not only
soil erosion but also the decline in soil quality and their constituents (such as water
and nutrients) with its subsequent reduction in crop production, projects that are
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associated with improving soil health, minimizing nutrient mining, combating soil
salinity, soil acidity and desertification and enhancing water use efficiency will also
be briefly presented and discussed.

Keywords Nuclear and isotopic techniques - Land degradation - Erosion -
Soil - Water management - Food security - IAIE

4.1 Introduction

The present world population of 6 billion is expected to reach 8 billion by the
year 2020. Most of the population increases will occur in developing countries,
where the largest fraction depends upon agriculture for their livelihoods. Against
the background of projections on increased population growth and pressure on the
availability of land and water resources worldwide, several developing countries
will face major challenges to achieve food security in a sustainable manner, consid-
ering their available per capita land area, severe scarcity of fresh water resources and
particular infrastructure and socio-economic conditions (Lal, 2000; Brown, 2009).

This is further compounded by severe global soil degradation, in particular Sub-
Saharan Africa and South Asia, and increased risks of soil erosion, in particular
desertification (Lal, 2007). Worldwide soil degradation is currently estimated at 1.9
billion hectares and is increasing at a rate of 5-7 million hectares each year (Lal,
2006). Soil degradation and food insecurity are intricately linked with long-term
social, economic and environmental impacts resulting in human migration, social
unrest, food crises and global instability (Doos, 1994; Alexandratos, 1995; Brown,
2009).

Enhancing sustainable food production will require the combined use of the
following strategies for land and water resource management: (a) agricultural
intensification on the best arable lands that are currently being farmed with mini-
mum environmental degradation; (b) rational utilization of the marginal lands, and
(c) arrest land degradation and restore degraded soils (Lal, 2000). Besides, these
pressing issues, there are several other environmental problems that would also need
to be addressed. These include: (a) Increasing risks and impacts of global warming
and climatic variability; (b) rising energy demands, in particular renewable energy
sources; (c) expanding urbanization and industrialization and related infrastructure
development; and (d) deteriorating water and air quality. All of them will likely have
negative impacts and induced changes on agro-ecosystems thus placing increased
pressures on sustainable land and water resources to produce sufficient food, feed,
fibre and fuel for the ever increasing world population (Lal, 2007; Verchot and
Cooper, 2008).

This chapter reports on the objective, strategies and main project activities of
the Soil and Water Management & Crop Nutrition (SWMCN) Subprogramme of
the Joint FAO/IAEA Division of Nuclear Techniques in Food and Agriculture, with
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particular emphasis on the role of nuclear-based techniques in the development of
integrated soil, water and nutrient management practices for sustainable intensifica-
tion of agricultural production and conservation of the natural resource base without
impact on soil health and land degradation.

4.2 Operational Strategy of the Soil and Water Management
and Crop Nutrition Subprogramme

In 1964, two United Nations Organizations, the Food and Agriculture Organization
(FAO) and the International Atomic Energy Agency (IAEA) established the Joint
FAO/TAEA Division of Nuclear Techniques in Food and Agriculture at the IAEA
Headquarters in Vienna, Austria, to strengthen capacities for using nuclear-based
methods to develop technologies for sustainable food security and to disseminate
these through international co-operation in research, training and outreach activities
in Member Countries of FAO and TAEA (IAEA, 2008a; FAO, 2008). To achieve
this mission, the Division has five disciplinary Sections, namely the Soil and Water
Management and Crop Nutrition, Plant Breeding and Genetics, Animal Production
and Health, Insect and Pest Control and Food and Environment Protection. Each
Section is linked to a Laboratory Unit located at the Agriculture and Biotechnology
Laboratory (ABL) in Seibersdorf. (FAO/IAEA, 2007, 2008a; FAO, 2008).

The strategic objective of the SWMCN Subprogramme, consisting of the
SWMCN Section at IAEA Headquarters and the Soil Science Unit in Seibersdorf,
is to develop and promote the adoption of nuclear-based technologies for optimis-
ing soil, water and nutrient management practices in targeted cropping systems (and
agro-ecological zones), which support intensification of crop production and preser-
vation of the natural resource base (FAO/IAEA, 2008b). Nuclear-based techniques
(stable and radioactive isotopes, neutron moisture and gamma density probes) pro-
vide unique and quantitative data on nutrient and water dynamics in the soil-plant
system, and therefore, have advantages over conventional techniques in providing
essential or value-added information for properly defining and quantifying “land
productivity” constraints and assessing the value of the interventions designed to
alleviate them with the ultimate goal of enhancing sustainable intensification of
agricultural production.

To achieve the strategic objective of the Subprogramme, the following activities
are implemented:

e Development, evaluation and standardization of new nuclear and related method-
ologies for achieving sustainable intensification of crop production systems in
Member States. This is done through the Research Contract Programme by pro-
moting global and regional thematic research and development networks called
Co-ordinated Research Projects (IAEA, 2008b). A list of completed and ongoing
CRPs of the SWMCN Subprogramme can be found in Table 4.1.
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Table 4.1 List of Coordinated Research Projects (CRP) implemented by the Soil and Water
Management and Crop Nutrition Subprogramme of the Joint FAO/IAEA Division of Nuclear
Techniques in Food and Agriculture (IAEA)

CRP code and title Period Publication

(a) Completed CRPs

D1.50.05. The assessment of soil 1995-2001 Handbook for the assessment of
erosion through the use of soil erosion and sedimentation
Cs-137 and related techniques as using environmental
a basis for soil conservation, radionuclides. Kluwer Ac. Publ.,
sustainable agricultural Dordrecht, the Netherlands
production and environmental (2002)
protection (Joint CRP with Special issue STILL Research
F3.10.01) 69, 1-2 (2003)

D1.20.06. Management of 1997-2002 IAEA TECDOC 1468. IAEA,
nutrients and water in rainfed Vienna (2005)
arid and semi-arid areas for
increasing crop production

D1.20.07. Use of nuclear 1998-2006 IAEA TECDOC 1606. IAEA,
techniques for developing Vienna (2008)
integrated nutrient and water
management practices for
agroforestry systems

D1.50.06. Development of 1999-2004 TAEA Proceedings series
management practices for STI-PUB-1285. IAEA, Vienna
sustainable crop production (2006)
systems on tropical acid soils
through the use of nuclear and
related techniques

D1.50.07. Integrated soil, water 2001-2006 IAEA TECDOC (in preparation)
and nutrient management for
sustainable rice-wheat cropping
systems in Asia

D1.50.08. Assess the effectiveness 2002-2007 IAEA TECDOC (in preparation)
of soil conservation techniques
for sustainable watershed
management using fallout
radionuclides

D1.20.08. Selection for greater 2003-2008 IAEA TECDOC (in preparation)
agronomic water-use efficiency
in wheat (drought) and rice
(salinity) using carbon isotope
discrimination

D1.50.09. Integrated soil, water 2004-2009 Research contractors from ARG,

and nutrient management in
conservation agriculture

BRA, IND, MOR, PAK, TUR
and UZB; technical contractor
from CHI and research
agreements from AUL and
CIMMYT-Mexico
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CRP code and title Period Publication

(b) Ongoing CRPs

D1.50.10. Selection and evaluation 20062011 Research contractors from BKF,
of food (cereal and legume) crop BRA, CMR, CPR, CUB, GHA,
genotypes tolerant to low MAL, MEX, MOZ and SIL;
nitrogen and phosphorus soils Technical contractors from USA
through the use of isotopic and and research agreements from
nuclear-related techniques AUL, WARDA, TSBF-CIAT,

IITA and FRA

D1.20.09. Managing irrigation 2007-2012 Research contractors from CPR
water to enhance crop (2), BKF, MLW, MOR, PAK,
productivity under TUR, VIE, and ZAM; technical
water-limiting conditions: a role contractors from USA (2) and
for isotopic techniques research agreements from AUS

and SPA

D1.20.10. Strategic placement and 2008-2013 Research contractors from CPR,
area-wide evaluation of water EST, IRA, LES, NIR, ROM,
conservation zones in TUN and UGA Technical
agricultural catchments for contractors from UK and USA
biomass production, water and research agreements from
quality and food security FRA, UK and USA

D1.20.11. Integrated isotopic 2009-2014 Research contractors from CHI,

approaches for an area-wide
precision conservation to control
the impacts of agricultural
practices on land degradation
and soil erosion

CPR (2), POL, MOR, RUS, SYR
and VIE; Technical contractors
from GFR, NZE and UK and
research agreements from AUL,
CAN and UK

Provision of assistance to developing Member States to build-up national
capacity (human and infrastructure), transfer and apply nuclear-based technolo-
gies in sustainable agricultural development through Technical Co-operation
Programme. Technical and scientific backstopping will be provided in identi-
fying, formulating and implementing interregional, regional and national TC
projects in topics related to sustainable intensification of crop production systems
(TAEA, 2008c).

Assist Member States in developing human resources through training courses,
workshops, fellowship training, scientific visits and through development of
training materials.

Provide supportive research, training, and analytical services through the Soil
Science Unit, Agriculture and Biotechnology Laboratory (ABL) at Seibersdorf,
near Vienna, Austria (IAEA, 2008d).

Synthesise and disseminate information from the SWMCN Sub-programme
research activities through publications and databases and information exchange
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through Newsletters, web pages, etc. to transfer technological packages to
beneficiaries and end-users to enhance the impact of the projects.

e Promote the dissemination of nuclear technologies to the scientific community
through the organization of international/regional meetings.

The effectiveness and impact of these activities is enhanced by further creating
synergies between the Research Contract and Technical Co-operation Programmes
to the benefit of the Member States. These activities are also implemented by estab-
lishing linkages to existing projects and collaborating partnerships with CGIAR
Centres (e.g. CIMMYT, IITA, IRRI, TSBF-CIAT and WARDA) and Advanced
Research Institutes (currently 20 ARIs participate in CRPs, coming from devel-
oped countries such as Australia, Canada, France, Germany, New Zealand, UK and
USA).

4.3 Approaches, Strategies and Project Activities Related
to Land Degradation

Combating or avoiding land degradation for sustainable intensification of crop pro-
duction systems requires an integrated soil-water-plant nutrient approach at field
and catchment level to improve the productivity of the systems and at the same
time to restore and maintain soil fertility and enhance soil health and its resilience
against degradation. Isotopes of nitrogen (>N), phosphorus (*?P), carbon (13C)
and oxygen ('80) together with soil moisture neutron probes have been used to
develop integrated soil-plant approaches to ameliorate soil infertility and related
soil problems/constraints; improve nutrient and water use efficiency and to provide
sustainable intensification of crop production in agroforestry systems, dryland agri-
culture, tropical high phosphorus-fixing acid soils and rice-wheat cropping systems
(Chalk et al., 2002; Nguyen and Zapata, 2006; FAO/TAEA, 2008b).

Soil organic matter (SOM) plays an important role in improving soil functions,
promoting soil health and mitigating land degradation. The influence of soil and
water conservation measures in SOM accumulation and the consequent impact of
accumulated SOM on soil nutrient dynamics was investigated with the use of N
and 13C based isotopic techniques in various agroecosystems. Data obtained under
a CRP on conservation agriculture (CA) (Table 4.1, D1.50.09) indicates that zero
tillage (ZT) could sequester up to 17 Mg C ha~! more than conventional tillage in
Ferralsols of the Brazilian Cerrado region over a 13-year period.

Carbon isotope signatures (isotopic '2C/'3C ratios) in the SOM provided valu-
able information on the effects of tillage and type of crop rotation on soil C
sequestration. A higher soil C accumulation was observed under ZT when the N-
fixing legume vetch (Vicia villosa) with biological N fixation inputs of 127 kg N
ha~! as measured by the 13N isotope dilution technique (Urquiaga et al., 2006) was
included in the crop rotation involving root crops (Sisti et al., 2004).
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Although CA may enhance C sequestration as shown in a review conducted by
one of the agreement holders (Govaerts et al., 2009) of the CRP D1.50.09, the dif-
ference in soil C sequestration between CA and conventional tillage depends not
only on a C input from crop residues but also on a net external input of N (Govaerts
et al., 2009). Conventional tillage can diminish the input from a N-fixing green-
manure because this N-input can be mineralised to soil mineral N (Alves et al.,
2002), which in turn can be removed from the top soil depth by leaching or in
gaseous forms. The use of ’N-labelled green manure was able to quantify the rel-
ative importance of these N removal processes and hence management practices
can be put in place to reduce N losses and enhance N retention for promoting C
sequestration (Kirchmann and Bergstrom, 2001; Bergstrom and Kirchmann, 2004;
Seo et al., 2006; Christopher and Lal, 2007).

Isotopic techniques are also playing an important role in quantifying the benefi-
cial impacts of CA on mitigating soil erosion and the related loss of soil nutrients
(Schuller et al., 2007). Fallout radionuclide (FRN) such as '37Cs, 2!1°Pb and "Be
are increasingly used by FAO/IAEA Member States through both CRP and TCPs
(Table 4.1) as tracers to quantify soil erosion/sedimentation rates because the FRN
technologies are cheaper and more effective at large-scale soil erosion evaluations
taking into account of temporal and spatial variabilities, compared to costly conven-
tioanl techniques using field plots and soil erosion pins (Zapata, 2003; Mabit et al.,
2008; Zapata and Nguyen, In Press).

For example, Schuller et al. (2007) from the CRP on soil conservation measures
(Table 4.1, D1.50.08) reported that 16 years after implementing zero tillage in south-
ern Chile, there was a substantial reduction in the soil erosion rates as measured by
Cs-137 (half-life of 30.2 years) of about 87% (from 11 t ha~! year™! to 1.4 t ha™!
year~!). However such a beneficial effect can be readily lost if the mulch layer of
old crop residues was removed by burning. Using the short-lived radionuclide Be-
7 (half-life of 53.4 days), to measure a short-term (a 27-day period) erosion event
occurred just after a dramatic burning event, Schuller et al. (2007) reported substan-
tial soil losses of 12 t ha~! over this 27-day of exceptionally wet (400 mm) period.
This represents a dramatic acceleration of the average soil losses under CA from 1.4
t.ha™! on a year basis to 12 t ha™! over a short (27 days) runoff event.

The CRPs mentioned above have created an effective network of research sci-
entists and national agricultural research institutes involving in the combined use
of FRNs and stable isotopes such as PN to assess the relative impacts of differ-
ent soil conservation measures on soil erosion and land productivity. The success
of these CRPs has stimulated an interest in many Member States in the use of
these methodologies to identify factors and practices that can enhance sustainable
agriculture and minimize land degradation. At present there are 37 Member States
through Technical Co-operation (TC) projects at both national and regional levels
using FRNs to address issues relating to sustainable land management.

For example, one major regional project on “Sustainable Land Use and
Management Strategies for Controlling Soil Erosion and Improving Soil and Water
Quality” (RCA Project RAS/5/043) has recently been concluded. This project
involved participants from the following 14 Member States in the East Asia and
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the Pacific region: Australia, Bangladesh, China, India, Indonesia, Republic of
Korea, Malaysia, Mongolia, Myanmar, Pakistan, Philippines, Sri Lanka, Thailand,
Vietnam. The FRN technology has been successfully used by the participating
countries to assess soil erosion, evaluate soil conservation measures (e.g. forestation,
terracing, contour cropping, contour hedgerow systems), and to better understand
the link between soil redistribution and soil quality (e.g. Soil Organic Matter) in
the landscape. The inter-institutional and multi-disciplinary approach (close collab-
oration between nuclear and soil science institutes) adopted by most participating
Member States was one of the key factors of this success.

The expertise gained in the project can be used to further train scientists and tech-
nicians from the region. Participants were established with related policy-making
and development-oriented institutions. These partnerships are an important vehi-
cle for the dissemination of the FRN technology to assess soil redistribution and
improve land management practices. The participants of the project and their part-
ners in the countries have already used the information obtained in the regional
project as a basis to formulate development projects for enhancing the adoption of
improved soil conservation and water management practices. The following exam-
ples highlight the impact of this Regional TCP project (RAS/5/043) in Member
States.

In China, the Office of the World Bank Project in Baota district, Yan’an has
adopted the information obtained from the RAS/5/043 for selecting effective soil
conservation measures to control soil erosion. The project area was 800 km? in
the Yanhe River watershed of the Chinese Loess Plateau. Through the use of a
cash forest area and the establishment of tree, shrub and grass cover in a struc-
tured framework, annual sediment delivery after a 6-year period (1998-2004) was
reduced by 77% compared to that annually produced (8.32 million tons) before the
project implementation (1998).

In the Philippines, the RAS/5/043 project has contributed towards the establish-
ment of an integrated management plan for sustainable land and water use. Data on
the spatial pattern and rates of soil redistribution under different land use and man-
agement practices were used in the assessment and recommendations for improving
soil conservation measures in the watershed area and to make local farmers and
communities aware of the importance of stopping erosion to ensure their agricultural
productivity by adopting appropriate farming practices. The introduction of soil con-
servation measures in the Pilot Project area covering approximately 6,600 ha within
the Angat watershed has been successful at mitigating soil erosion and improving
crop production and farmers’ income by about 15%.

The success outlined above has stimulated additional commitment from the
Agency in responding to request from Member Sates in Latin America. This
year a new regional Technical Co-operation project has been initiated on “Using
Environmental Radionuclides as Indicators of Land Degradation in Latin American,
Caribbean and Antarctic Ecosystems”, RLAS5051, which was approved for 5 years
duration from 2009 until 2013.

Land degradation affects about 300 million hectares of land in the Latin
American and Caribbean region, out of this 51% of agricultural land (180 million



4 “Zero-Tolerance” on Land Degradation 45

hectares). The ARCAL (Regional Cooperative Agreement for the Advancement of
Nuclear Science and Technology in Latin America and the Caribbean) Regional
Strategy Profile identified the unsustainable use of arable land and the resulting
permanent loss of productive agricultural areas as one of the most significant envi-
ronmental challenges to sustainable food production and water supply in Latin
America and the Caribbean region.

The following 14 Member States are participating: Argentina, Bolivia, Brazil,
Chile, Cuba, Dominican Republic, El Salvador, Jamaica, Haiti, Mexico, Nicaragua,
Peru, Uruguay and Venezuela. The project aims to enhance soil conservation and
environmental protection in Latin American, Caribbean and Antarctic environments
in order to ensure sustainable agricultural production and reduce on and off-site
impacts of land degradation. Soil redistribution rates will be determined to esti-
mate erosion/sedimentation rates and assess the effect of human intervention on
soil ecosystems in selected areas of the 14 participating countries in the region.
The main expected outcome of this project is enhanced regional capacity for sound
assessment of land degradation and improved national and regional policies for
soil conservation and environmental protection in Latin America, Caribbean and
Antarctic ecosystems by using fallout radionuclides.

In order to target appropriate soil and water conservation measures to reduce the
area-wide impacts of different land uses within a catchment, a new CRP (D1.20.11,
Table 4.1) entitled “Integrated Isotopic Approaches for area-wide precision conser-
vation to control the impacts of agricultural practices on land degradation and soil
erosion” has been initiated in 2009 with 14 participants from 12 Member States.
This CRP aims at up scaling the use of the proven FRN based technique and the
combined use of FRN with the compound specific stable isotopes to apportion the
source of soil losses from different land uses within a catchment.

4.4 Looking Ahead to the Future

Land degradation can be influenced by land use as well as by extreme climatic
events resulting from climate change. Adaptation to climate change will require the
ability to identify the sources of soil loss at an area-wide scale for the purposes of
remediation, rehabilitation and sustainable agricultural and economic development.
The SWMCN Subprogramme will be increasingly involved in the application of a
suite of nuclear techniques to monitor the impacts of climate change and variations
in land use activities on soil health and water availability for crop and livestock
production systems under rain-fed and irrigated conditions on the area-wide basis
(i.e. catchment scale), as well as on a field-plot scale.

The losses of soil and its constituents that are expected due to climate change
will become increasingly important elements of land management practices under
climate change scenarios. In this context, nitrogen, oxygen, hydrogen and carbon
stable isotope ratios will be increasingly used to trace the efficiency use of land
constituents and external inputs for crop productivity under different climate change
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scenarios and soil salinity and acidity conditions that are expected to worsen under
those scenarios.

Sources of soil loss/sediment production will be identified using compound
specific stable isotopes (CSSI) of carbon, hydrogen and nitrogen as well as other fin-
gerprints in plants, animal manure and soil samples. Information obtained through
combined iso-source (IS) and other advanced modelling tools that use several iso-
topes to identify causes of soil loss will be used to assess the effectiveness of
different land use practices and soil conservation measures in response to changes
in climate.

The overall aim will be to provide holistic and innovative land and water manage-
ment practices for (i) developing sustainable food production systems, (ii) arresting
land degradation and enhancing land carbon sequestration, and (iii) rehabilitating
degraded and marginal lands.

4.5 Conclusions

Nuclear-based techniques offer great potential in the development of integrated soil,
water and nutrient management technologies for addressing land degradation issues
and promoting conservation of the natural resource base. These techniques are
widely used in essentially all developed and in an increasing number of developing
countries in agronomic and related environmental research to enhance productivity
and sustainability of agro-ecosystems.

The SWMCN Subprogramme of the Joint FAO/IAEA Division of Nuclear
Techniques in Food and Agriculture strengthens national capacities for using these
nuclear-based techniques methods and disseminate them through international co-
operation in research, training and other outreach activities in FAO and IAEA
Member States. In this way both UN organizations meet their mandates and con-
tribute to the UN commitment towards achieving the Millennium Development
Goals of Extreme Poverty and Hunger Reduction and Environmental Sustainability
(FAO, 2008; IAEA, 2008a; United Nations, 2008).
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Chapter 5

A Methodology for Land Degradation
Assessment at Multiple Scales Based

on the DPSIR Approach: Experiences from
Applications to Drylands

Raul Ponce-Hernandez and Parviz Koohafkan

Abstract A methodology for land degradation assessment based on indicators of
drivers-pressures-state-impacts-responses (DPSIR), applicable at multiple scales is
described in this chapter, and the key steps in methodological development are
discussed. Procedures for observation, measurement and quantification of DPSIR
indicators at each scale both, on the ground and from existent data are described
together with the technological requirements for generating such databases. Issues
pertaining to field sampling, up-scaling procedures and specially the integration of
multi-thematic data of biophysical, socio-economic and land management indica-
tors of DPSIR for land degradation are addressed and their application described.
An algorithm for compiling a synthetic mapping legend that integrates such multi-
thematic indicators is designed and its usefulness demonstrated with results in a set
of case studies in drylands of different parts of the world. The overall assessment of
the usefulness of the methodology proposed for assessment work in other locations
and at a variety of scales and ecological conditions is also discussed.

Keywords DPSIR - Land degradation - Drylands - Multi-scale assessment -
Mapping

5.1 Introduction

Drylands of the world are fragile ecosystems that represent the source of liveli-
hood of about 1.2 billion people worldwide in over 100 countries. Yet, not enough
is known about the nature, severity and extent of land degradation, its causes, and
the responses from land users in such fragile ecosystems (UNCCD, 2004). Efforts

R. Ponce-Hernandez ()

Environmental and Resource Studies Program, Trent University, Peterborough, ON K9J 7B8,
Canada

e-mail: rponce @trentu.ca

P. Zdruli et al. (eds.), Land Degradation and Desertification: Assessment, Mitigation 49
and Remediation, DOI 10.1007/978-90-481-8657-0_5,
© Springer Science+Business Media B.V. 2010



50 R. Ponse-Hernandez and P. Koohafkan

to characterize and quantify the type, intensity and extent of degradation processes
at multiple scales from local to global are being carried out within the context of
the LADA project (FAO, 2007). An important aspect of the LADA approach to
assessment is that it attempts to link the states of degradation to its root causes
(drives and pressures) through the driver-pressure-state-impact-response (DPSIR)
approach. This approach is used in the global millennium ecosystem assessment
— MEA - (World Resources Institute, 2005). A methodological framework for the
assessment of land degradation at multiple scales (from local to global) is proposed
in this chapter. The proposed framework builds on an earlier proposal by Ponce-
Hernandez and Koohafkan (2004). The framework uses indicators of both, the state
of land degradation and its causes (i.e. driving forces and pressures) as the vehi-
cle for the assessment, thus integrating biophysical to socio-economic data on such
indicators.

5.2 Methods

The essence of the proposed framework involves twelve (12) core sets of activities
(Fig. 5.1), namely: 1: Area and scale definition; 2: Selection of Indicators of DPSIR;
3: Selection of procedures and tools to measure or estimate the values of indicators;

1. Definition of area

; ge= )

Dnciok DPSIR Indicators

¥ [ Jtem™= Database

of variability
12. Monitor changes ¥

over time 6. Design of a data

3

i DPSIR Causal
9. Identify “hot spots™ Discovery Tool

10. Valid: It
and assess accuracy

1. Map out
; and

Fig. 5.1 Procedures in the DPSIR methodological framework for land degradation assessment and
their decision support systems, databases and tools
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4: Collection of existing data and identification of data gaps; 5: Partition variability
through stratification; 6: Design of a statistically-reliable sampling scheme, based
on the stratification and data collection through field forms and surveys of relevant
indicators at the scale of the assessment; 7: Data analysis; 8: Integration of results;
9: Identification of “hot spots” and “bright spots”; 10:Validation of results and accu-
racy assessment; 11: Design of mapping legend integrating all DPSIR indicators and
mapping of results; 12: Monitoring changes over time.

The structure of the framework is generic enough to lend flexibility to its appli-
cation to dryland conditions anywhere in the world. Thus, its adaptability and
usefulness are predicated on the ability to identify an appropriate set of locally
relevant indicators at the chosen scale of the assessment, and on the selection
and availability of the required tools and methods to achieve their measurement
or estimation. The methodological framework proposes to support these impor-
tant decisions with three decision support systems — DSS (Fig. 5.1). In turn, these
DSS are to be supported by global databases of relevant indicators (e.g. the LADA
indicator database), a set of procedural modules for guidance on the measurement,
estimation or modelling of the selected indicators, including visual field assessment
methods.

These make up a sort of “toolbox” from where the assessor can obtain guidance
on procedural tools. Two “engines” for processing the measured/estimated indica-
tors and for finding causality (i.e. connecting states of degradation to its relevant
drivers and pressures) complete the framework tools. Prior work on an intensive
compilation of indictors for the LADA project was carried out, amongst others, by
Bot and Snell (2002) and yielded a relatively large number of indicators. These were
augmented and refined for field application by Dixon (2003) and are the DPSIR
indicators used in the methodology proposed by Ponce-Hernandez and Koohatkan
(2004), and used in the proposed framework. The indicator databases together with
the “toolbox” of methods, procedures and tools should allow for conducting an
assessment at any scale and with any situation of data.

The procedures in the toolbox range from simple conventional procedures, visual
field assessments to sophisticated modelling, including remote sensing tools (Ponce-
Hernandez and Koohafkan, 2004). The development and computer automation of
these DSS, supporting databases and toolboxes, at the time of writing this chapter,
are work in progress. It is envisaged that they will be eventually ported to the Internet
as a spatially explicit system for online access, relying on the availability of online
global mapping tools of the kind of Google Earth™ and/or Google Maps™ or
similar.

The results of case studies presented here are derived from the application of the
proposed methodological framework whose procedures and tools, except from GIS
functions, remote sensing image analysis and statistical and geostatistical estimation
techniques, for the most, were not yet automated at the time of the study. Hence,
conventional field measurement and observation procedures and data forms were
employed, where necessary.

Geostatistical estimation, in particular the various forms of Kriging techniques
(i.e. point and block estimates to generate continuous surfaces with ordinary,
universal, and disjunctive Kriging and co-regionalization with co-kriging)
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underpins the upscaling and downscaling procedures for estimation of indicator
values at a range of scales, together with conventional statistical procedures for
data aggregation. Where the intrinsic hypothesis and assumptions of regionalized
variable theory necessary for geostatistical estimation could not be met, even after
trend removal or modelling, deterministic estimation techniques were used (e.g.
bi-cubic splines and distance-based functions). Unfortunately, given the scope of
this chapter, an in-depth account of upscaling and downscaling procedures used is
beyond reach. The case studies illustrate the use of any of these techniques where
appropriate.

5.2.1 Field Sampling

The field sampling scheme, in most case studies, consisted of a stratified stage-
wise random sampling, where the number of samples is proportional to the size of
the stratum or terrain map unit to sample and its location. Constraints of terrain
access, sampling effort and time were also determinants of the final sample size
of indicators. Often, the sampling was achieved in three stages corresponding to
hierarchical levels of strata (i.e. Satellite scene, land systems within the scene and
land facets within land systems depending on scale and the terrain units identified
(Ponce-Hernandez and Koohafkan, 2004)).

The stratification of the multivariate environmental variability in the assess-
ment area (Step 5 in the framework illustrated in Fig. 5.1) was achieved with the
intense use of remote sensing and GIS data. In particular, archival Landsat Thematic
Mapper (TM) and Enhanced Thematic Mapper (ETM+), draped on top of GIS-
driven digital terrain models (DTM) were used. When necessary, due to lack of
available imagery, other global imaging software (e.g. Google Earth Pro™ and
NASA’s World Wind) capable of displaying 3-D imagery of terrain, were also used
to aid in the identification of the units for stratification and the landscape units for
sampling and for the assessment.

The units used in the stratification process at the regional (i.e. sub-national level)
were those part of the Land Systems Approach (Beckett et al., 1972; Mitchell,
1973; Moss, 1983). The land systems approach identifies, delineates and describes
environmental units of uniform character. This approach was developed for rapid
reconnaissance mapping with air photographs and satellite images. Inherent in the
procedure is its integrated nature, since several environmental factors, notably the
most salient attributes of the terrain, are surveyed simultaneously, creating a map of
integrated terrain units. The land system and the land facet were the chosen units to
be used in the assessment at sub-national and regional scales.

The land system is an area of a recurring pattern of topography, soils, vegeta-
tion, moisture regime and land use/cover, and with a relatively uniform climate. The
land facet is an area within which, for most practical purposes, environmental con-
ditions are uniform. Typically, a land system is a recurring pattern of land facets.
The identification of land systems and land facets was greatly facilitated by the use
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Fig. 5.2 Illustration of the stage-wise random sampling procedure involving 3 stages (satellite
scene, land system, land facet and assessment sites within land facet)

of 3-D perspectives of terrain from the GIS-driven DTM and satellite image colour
composites. The stage-wise field-sampling scheme is illustrated in Fig. 5.2.

5.2.2 National and Sub-national Scale

At the national and sub-national scales two main indicators of physical and bio-
logical land degradation are the decrease in net primary productivity (NPP) and
vegetation cover recession over time. Since land degradation is understood as the
decrease in productivity of the land over time, the dynamics of these two indicators
could be readily analysed from computed band-ratio indices of vegetation (e.g. the
Normalized Difference Vegetation Index — NDVI) derived from ratios of red and
infrared spectral bands of satellite images (TM and ETM+). The estimation of NPP
at a given time requires of an in-situ empirical function that relates NPP to NDVI
and to photosynthetic active radiation (PAR). In none of the case studies presented
here such function existed and therefore the analysis was restricted to the dynamics
of NDVI through change detection over time.

To enable this, threshold values of NDVI corresponding to limits of vegetation
health were identified and the NDVI images for different comparable times clas-
sified according to such thresholds. This allowed approximating real changes in
vegetation as close as possible. Areas of with “healthy” vegetation cover for any
given image-date were then computed and compared with areas from reclassified
NDVI images of the same area at the latest date, thus enabling the computation
of differential areas of either vegetation recession (i.e. degradation), or of (rarely)
vegetation expansion (i.e. aggradations).
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5.2.3 Regional and Local Scale

At the local scale (i.e. within a land facet of a given land system), the field
assessment of the state, intensity and extent of physical, chemical and biological
land degradation was carried out at the chosen sampling sites through obser-
vation/measurements of indicators by means of field forms and interviews with
farmers and land managers using semi-structured questionnaires. The sampling site
consisted of a quadrate of approximately 0.25 ha (50 by 50 m each side). The degree
of intensity and extent were measured using the procedures in the procedures “tool-
box”. Appendix shows a sample of the indicators included in the field forms used at
the regional and local scale.

5.2.4 Data Analysis, Integration and Mapping

Once measured or estimated in the field, the data analysis process (Steps 7 and
8 in Fig. 5.1) leads to the integration of indicators into an assessment. The inte-
gration process is not simple. The indicator processing “engine” offers a range of
algorithmic possibilities, from a user-driven compilation of weighting factors based
on perceived local importance to linear weighted combinations of selected rele-
vant indicators, to computation of internal ratings to aggregate indicators of a given
degrading process. The combination of indicators could be a fairly large number
such as derived from a combinatorial calculation. Since the indicators are integra-
tors themselves, therefore they are integrated into processes by type of degradation.
This integration allows for the compilation of results into a mapping legend, which
is applicable to each assessment site and unit (i.e. land facet). Box 5.1 shows the
elements of the legend used for the integration of indicators of states and drivers
and pressures into an assessment.

5.3 Case Study Results

The applicability of the methodological framework was tested in several countries.
Here, for brevity, only three are shown representing different scales.

5.3.1 Lybia

At the national and sub-national scales, vegetation cover recession over time indi-
cated by negative changes in NDVI was mapped as indicator of land degradation.
The changes in NDVI were computed from Landsat TM satellite images over 12
years (Ponce-Hernandez and Mohammed, 2007). Although the threshold values
of NDVI for vegetation are quite low, the state of vegetation cover degradation as
indicated by negative changes in NDVI is quite evident as shown in Fig. 5.3.
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LEGEND FOR MAPPING LAND DEGRADATION UNDER THE DPSIR FRAMEWORK
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Box 5.1 Elements of the legend used for the integration of indicators into an assessment under the
DPSIR methodological framework

5.3.2 Lebanon

At the sub-national and regional scales, in the Yammouneh Plateau and Bekaa Valley
of Lebanon a regional land degradation assessment was conducted. The land sys-
tems and land facets were mapped (Fig. 5.4) and used as units for sampling and for
reporting the assessment. Analysis and integration of data collected from field sam-
pling of land facets allowed for the assessment of the state (i.e. type, intensity and
extent) of land degradation (Ponce-Hernandez, 2005). The results of the assessment
are shown in Fig. 5.5 in terms of state of degradation as per the DPSIR legend. It
should be noted that although causality was established for each unit assessed, it is
not shown in this legend due to space constraints in the map of Fig. 5.5.

5.3.3 Mexico

In “El Alegre” watershed, San Luis Potosi, Mexico, an assessment was conducted
using the proposed DPSIR methodological framework at regional and local scales.
Land Facets were mapped (Fig. 5.6) and field data on DPSIR indicators collected
at specific sites within Land Facets (Fig. 5.7), following the statistical stage-wise
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Fig. 5.3 Vegetation recession over 12 years as shown by computed NDVI images of Northeast
Lybia (Al-jabal Al-akhdar region), depicting values of Chlorophylically-active vegetation cover
(positive values closer to 1, and in bright and intense red). The recession of active vegetation in the
12-year period (1988-2000) is quite apparent (for colors, see online version)

Fig. 5.4 Land Facets of the Land System “Yammouneh Plateau” identified and mapped from a 3D
oblique perspective using NASA satellite imagery. Land Facets are identified by numeral labels
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Fig. 5.5 Orthogonal view of land degradation assessment results in each of the land facets of
the Land System “Yammouneh Plateau” and some of “Bekaa Valley” according to the proposed
DPSIR legend. Only states of physical (p), biological (b) and chemical (c) degradation and their
spatial extent are shown. No causality is shown in this legend due to space constraints

LAND SYSTEM
Land Escet 11 number Land System “Pefion Blanco™
Land Eacet I:’ " ELALEGRE SUB-WATERSHED
Alluvinm & soil
and facet o SALINAS, SLP, MEXICO
Land facet E sedimentary rock

Fig. 5.6 Land facets for the assessment in “El Alegre” Watershed, San Luis, Mexico
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Fig. 5.7 Mapped Land Facets showing sampling sites for field data collection in San Luis, Mexico

sampling design. The indicators were observed, measured and recorded from field
sampling on the ground, analysed and integrated. The results of the state (type,
intensity, extent) of degradation were mapped (Fig. 5.8) and are shown in Table 5.1.
The causes (drivers and pressures) were also integrated in the mapping legend for
the same land units.

5.4 Discussion and Conclusions

The results obtained from applying the proposed methodological framework at three
different scales allowed for the determination of biophysical states of degradation
with different levels of detail. National scale assessments have as main indicator of
land degradation negative changes in net primary productivity (NPP) of the land.
Variables related to this indicator are derived typically from remote sensing satel-
lite data aided by meteorological records. Long-term NPP decreases are a powerful
indicator of persistent ecosystem degradation and the decrease of land productivity.
The proposed framework includes procedures and tools for national-scale detection
of such changes, as demonstrated with the Lybian example. But the availability of
multispectral satellite data at the required dates becomes a very important factor.
At sub-national and regional scales not only the bio-physical states of degrada-
tion but their type, i.e. physical (P), chemical (C) or biological (B), their intensity
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Fig. 5.8 Intensity and type of land degradation (Physical-P-, Chemical-C- and Biological-B) in
the Land Facets mapped, as determined from the integration of field data of indicators based on the
DPSIR approach in “El Alegre” Watershed, San Luis Potosi, Mexico

(in the scale of 0 — no degradation — to 5 — very high intensity) and extent (i.e. area
affected from 100% of unit area evaluated and coded as denominator in the legend)
are of significant importance. Just as important is the integration of such degrada-
tion states to their social, economic, cultural and management causes (drivers and
pressures). For the drivers and pressures, indicator variables are also obtained from
published work, databases, surveys and interviews and are linked one by one to the
states of degradation. Networks of causal chains are established either manually (ad-
hoc designed forms) or using computer models, e.g. Bayesian Networks for causal
exploration (Ponce-Hernandez and Ahmed, 2008). In the results presented in this
chapter causality was established from one-at-a-time linkage between drives and
pressures to states of degradation using ad-hoc designed paper forms.

Once the networks of causal chains are identified the causes are coded and shown
in the furthermost right position of the DPSIR mapping legend (last column in
Table 5.1).

The results of the case studies are also valuable in that they demonstrated the flex-
ibility of the framework in terms of its applicability to a range of scales in different
dryland environments, and in terms of offering a fairly comprehensive database of
scale-dependent indicators, paired to a wide range of procedures and tools for their
observation, measurement and estimation in the field and from surveys. Perhaps



R. Ponse-Hernandez and P. Koohafkan

60

(quojsawl|

‘QuOISI[IS)

Kyoedeo [OSA} :Syo01

UONUJRI 1JeMm MO[TeyS Kreyuowripas

MO[ A[owanxa pue Auojs -0uBd[0A

‘aSeurerp 108D 9[NEIISLID 1o KoAeis ore SNOAJLIRI)

QoejIns ‘sqnuys pue S[10S 001 2Ieq Jomo] sadors

et QAISSOIX ysniq Auoy) pue [osoyI] opIs|[Iy pue
Suwmﬂwﬂiq :% mﬁv g A% m% ¢ m%wv L ‘sa11s Sunnqruuo)) pue Auloy)-qng ouyINg (LR[S ureyunow dooyg z

Ydd*L'v—1AD

(PUadol YISJQ) smels uoneperSop pue owrSar armystowr 10A0D s[10S yoo1 al

pue A3o0[j01pAH pue[/odA) osn pue

pue WO pue| Jooe]

OJIXJJA] ‘SINT UBS ‘PAyYsIdlem , ISV [H,, UI 9[BIS PIYSIoJeM/[RUOISaI Ik ‘puasSol JISJ Y} YSnoIy) ‘sjooey pue| Ul JUSWSSISSE UONepeISop pue [°S d[qeL



61

5 Experiences from Applications to Drylands

=€ H
SLIVT—1IT
€ UF T 1A

Ydd T—1dV-LY—1AD

[(

08 « 001 001 07 <09 «0f
€ .Eemva%vo AEQ gz .@RVL

Jjount
Q0BJINS Jeulwe|
9[qeIopISUOd
Pim
seaIe JuroassIp
sarn3d
pue sokoire
‘Spaqueans
Sururerp
K[euoseas
‘do9)s jo sjoarI3
[erang ym
paxoauaA Aqury)
‘sado[s apIs[Iy
10do9)s woy
suonnqLIuod
Jjouna
9[qeIapISU0d
SurAteda1

QNS QJRIpoULIdIU]

sarnjsed
[eInjeu yrm
postadsIojur
Imynotise
Juaueurad
[enuue Jo seare
[fews ‘moed
J[nedISeId pue
SNOI[OJI[NSOI
paroneos
1M POXTW
sqnys pue
ysniq Auioy
pue Auroyj-qns
® ure[Iopun
sarmsed [einjeN

Isnad Aefo
Surpeas-ooejIns
‘snoraradur

ue pue uedprey
SNOAILI[LD
Q0BJINS-IedU
3y jo ouasaxd
pue aseyd
aroeo-omad

ur wozodeyq
ondey

Jo suorsnjouy
‘ydop

Jo wd (g doy oYy
uryim uedprey
SNOAILI[ED

e ‘oseyd
o1oreoond

' y)im A[oAeI3
pue mojreys
‘[osoyry
oLynng

Apueurwopard  Jo sadofs popuaixy

S[rew
pue souo)souI|
‘SQUOISI[IS M

POXIUW $9)ISOpUL
‘$001 Snoaug1

paIaneds

pue sajiodeas
SoJRUOQIED JO
sannuenb Jourw
M wniAnje
Areurajen()

puE SJUSWIPas
‘SLIqap

JIUBO[OA OTISB[D)
‘sadors-dip

pue syuowrpad
pue suej [e1An[e

(PuaSer YISAQ) smers uonepeiSop pue

QurSer aImjstowr

J9A0D

pue A3o[01pAH puej/edA) osn pue

S[10S

yoo1
pue wiIoj puer|

(panunuod) 'S 9qeL,



R. Ponse-Hernandez and P. Koohafkan

62

Q\OONV ueyJeyooy] pue ZopueuloH-a0uod Ul pue 2A0qe [°C XOg Ul paqLIdsap se —UCOMOI— AISdde

VAT—1D'H

IM€dTT— LT

11T

9—Sdd*T—1dV:S—1AD

YAT—1D'H

IME€dTT—11T

halvich

9=Sdd*T—1dV:S—1AD

[(

[(

001 <001 «_001
oKy " Oy T WOY

001 «00I <« 001

oqy "y " WOy

Ja(

Ja(

00

1
JE

001
Je

)o(

)o(

001 « 06 <001
LY My sy

001 < 06 <001

LY T Msy oSy

)]

)d]

UOIBIJUAWIPIS
pue Surpooy
[euoseas
[BUOISEI00

pue Kjoeded
uonuolal
QImsiow

Y31y 03 wnipawt

‘s9)1s SuIAI0Y

Kyoedeo Surproy
I0)eM WNIPIA
'sa1[[N3 pue
SOZIS SNOLIBA JO
S[I11 Jo Qoudsard
QAISU)XT
‘sorng

puE SpaquIBAns
[euoseas
y3noiy) pue
‘pury Jeurue| Jo
Jjouns [euoseas
y3noxy) Apsowr

‘59)1S SUIATQOY

sa3pa

1J0BD pue sqnIys
Auzoy) ypm
‘SLIQap [eIANnfy
Aq popaduur

10U 1YM
‘sdoio 1oj0 pue
SuLaq pue uIod
Im ammynonde

juouewrad [enuuy  wezodeyd drdey

ysnq

Auloy)-qns pue
‘Spury SNOLIRA
JO 108D pue
samysed [einjeu
Aq popunoxns
seare
[eImnoL3y
'SJEO M

SBAIR [[BUIS )IM
sdoo sueoq pue
U109 ‘AIN)[NovIse
Juouewrad

[enuue AJurejy

SLIQOp
[elang mim
paxtw sAe[d
pue sj[Is [eranye
auy pue 1odoap
ut pappaqut
‘uedprey
SnOAIRI[RD

e jo oseyd
o1o1eo-on2d
doop e yum

IsnId Ae[do
Surress ooeyIns
snorazedur

ue pue

[eLIoYeW TRIAN][E
quy pue 1odoap
ut pappaqut
‘uedprey
SNOAILITED

(wo 0g>)
90BJINS-IBAU © JO
Sunsisuod aseyd
ororeo-onad e
M WOZod'YJ
ondey

Apueurwopaid

s[oArI3

pue s1qap
[e1Ang pue
OTUBO[OA JTISB[O
M pIXTW
spaqueans
Ieau syueq pue
sKa[ea Terang
pue [e1anj[e
Kreurdyen()
Surdoys

Apuag 10 Je[q

spaquueans
[euoseas

£q pa3oassIp
A[3uons
sysodop [eranye
pUB J1SB[O Y)IM
sKa[TeA TeIAnye
Jo sjuowpad
pue suej [eIAnye
Areuurdien)

Jo sadors

POpU)X? [UID)

+(PUa39] YISA) smeIs uonepeI3ap pue|

Qui3ar aIjsiowt

pue A3o0[01pAH pue[/od4) osn pue

J9A0D

S[lo§

301

pue WwiIoj pue|

(panunuoo) T°s YqEL



5 Experiences from Applications to Drylands 63

the most striking feature of the methodology is its integration of the biophysi-
cal aspects of land degradation to their socio-economic, cultural and management
causes identified in terms of driver forces and pressures on the land.

The methodology still requires much testing, improvement and refinement, par-
ticularly in the automation of its many aspects, and in the validation and verification
of the accuracy of predicted assessment results against long-term monitoring data.
On the other hand, automation would be particularly advantageous in the devel-
opment of the decision support systems, the procedural toolboxes, the indicator
processing engine, the causality explorer and an automated mapping and legend
integrator. These developments, when achieved, could render a powerful tool to
assist land assessors in their land degradation assessments, the identification of root
causes (drivers and pressures) and in the design of policies to address them.

5.1 Appendix: Sample of indicator variables for field
observation, measurement and recording

No Indicator Measurement

Evidence of erosion

1 Rills Length, width and depth at all points where
the width or depth changes significantly.

2 Gullies Include the contributing area. Note the
location of each width and depth
measurement along the length

3 Pedestals From pedestal surface to soil surface. Note
the feature causing the pedestal to form
(i.e. stone on soil surface)

4 Plant/tree root exposure Prevalence and average depth

5 Fence post/other exposure Distance from notch/mark to soil surface

6 “Waterfall” soil loss Length, width and depth on down slope side
of tree/post

7 Rock exposure Estimate area with exposed rocks or

bedrock on surface

8 Tree mound Height of soil mound around shrub/tree

9 Build up against barriers/tree trunk/ Height and width of soil build up on
plant stem upslope side

10 Sediments in drains Depth

11 Enrichment ratio Percenatge of fine particles downslope:

Percenatge of fine particles upslope

12 Solution notches (indentation or Distance from notch to soil surface
discolouration)

13 Soil/rooting depth Note if evident

14 Armour layer depth Note if evident
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5.1 Appendix (continued)

No Indicator Measurement
Evidence of poor soil
structure/compaction
15 Structure Massive, blocky, etc.
16 Consistency Very hard, friable, etc.
17 Infiltration Slow Med Fast
18 Water holding capacity Low Med High
19 Differential crop growth pattern Note and describe if evident
20 Crop root growth characteristics i.e. Note and describe if evident
corkscrewing, thickening, etc.
Evidence of chemical degradation:
23 pH <6 or >7.5
23 Salinity — colour change, structure, Note and describe if evident
“dusty” surface
25 Sodicity — resistant species Note and describe if evident
26 Alkalinity
27 Toxicity/contamination — plant Note and describe if evident
deficiencies
28 Nutrient deficiencies Note and describe if evident
Evidence of biological degradation
29 Percenatge of Land cover Estimate using a representative 10 x 10 m
plot
30 Soil temperature and aridity Estimate
31 Above and below-ground soil Estimate — High Med Low
biomass
32 Soil Moisture Estimate — High Med Low
33 Biodiversity of above and # of species observed
belowground flora/fauna
Evidence of water quantity and
quality degradation
34 Change of permanent waters to Land user’s observation
seasonal/periodic
35 Drought frequency From climate station data/land user’s
observation
36 Increasing depth to water table Land user’s observation
37 Change in annual rainfall From climate station data/land user’s
observation
38 Atmospheric contamination/effect on Note and Describe if evident
plants
40 Terrestrial carbon depletion Note and Describe if evident
41 Change in annual air temperature From climate station data/land user’s
observation
42 Decline of crop yield Land user’s observation
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Chapter 6
Global Warming, Carbon Balance, and Land
and Water Management

Ahmet Ruhi Mermut

Abstract With more intense, longer droughts in larger areas since the 1970s,
particularly in the tropics, one of the most important issues facing the world today is
the need to ensure food security through the sustainable management of water and
soil resources. There is a need to understand interactions between climate and land
degradation through dedicated observations of the climate system, proper assess-
ment and management of water and land resources, and advances in climate science.
The debate on the complex issue of quantification of carbon stocks is still evolving.
It is generally agreed that carbon sequestration, especially in soils, could be a highly
cost effective and environmentally sound mitigation technique. Natural resources,
particularly land and water are increasingly restricted both in quality and quan-
tity in most parts of the world. There are still sufficient water resources however,
to produce food and fibber for a growing population but that trends in consump-
tion, production and environmental patterns, if continued, will lead to water crises.
Consumption and pollution of water by agriculture are becoming serious concerns.

Keywords Drought - Climate variability - Food security - Carbon sequestra-
tion - SLWM - Conservation agriculture

6.1 Introduction

Global warming is defined as the increase in the average annual temperature of the
Earth’s near-surface, air, and oceans. This will cause an increase in extreme weather
events such as storms and floods, changes in agricultural yield, and extinction of
plant and animal species. The term climate change may also mean periods of overall
temperature change including global cooling (US Department of Energy, 1999).
The United Nations Framework Convention on Climate Change (UNFCCC) uses
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the term climate change for human-caused change, and climate variability for other
changes. World needs dedicated action and resilience to climate change. Greenhouse
gas, due to human activity, is just only one factor among others. Some scientists sug-
gest that the change is due to solar activity (irradiation) amplified by cloud seeding
via galactic cosmic rays. Effect of volcanic activities could be considerable. Burning
of the fossil fuel has produced about three-quarters of the increase in CO; over the
past 20 years. Most of the rest is due to land-use change, in particular deforestation.

The sustainable use and protection of the land and water resources requires care-
ful management to maintain the environmental integrity and sustain agricultural
production. Shortage in water can cause serious world crisis. At a time that we
talk so much about climate change, we are also approaching the limits of human
exploitation of land and freshwater resources, to grow essential food and fibber for
human basic needs. Improper use of land resources causes degradation. Degraded
soils, parched aquifers, polluted waters, and the loss of plant and animal species
threaten food production in poor, heavily populated countries. Environmental degra-
dation is one of the greatest risks to future world food security. This short synthesis
attempts to assess the linkages between global warming, carbon balance, and land
and water management.

6.2 Global Warming and Drought

Drought is a normal, recurring feature of the climate in most parts of the world.
In general, means acute water shortage. Having adequate drought mitigation strate-
gies in place could greatly reduce the impacts. Recurring or long-term drought can
bring about desertification. Drought is a multi-dimensional phenomenon that needs
to be understood and explained using insights developed by different disciplines
(www.Drought.gov). Drought is not simply low rainfall. It disrupts crop production
and animal breeding, encourages erosion and affects the productivity of farming
enterprises resulting in the decline of the national economy. The loss of vegetation
has long-term implications for the sustainability of the agricultural industries. Water
quality suffers, and toxic algae outbreaks may occur; plants and animals are also
threatened. Bushfires and duststorms often increase during dry times (Australian
Government, Bureau of Meteorology. http://www.bom.gov.au/climate/drought)

Drought appears to be a cyclic process and human activities also play a sig-
nificant role. Increases in global temperatures may in turn cause broader changes,
including glacial retreat and worldwide sea level rise. Changes in the amount and
pattern of precipitation may result in flooding and drought. Many evidences were
reported about the fluctuation of climatic parameters in the literature.

There is growing scientific evidence that the human influence on the global
climate began around 8000 years ago with the start of forest clearing to provide
land for agriculture and 5000 years ago with the start of Asian rice irrigation. A
marked increase in aridity at 2200 BC, wind activities, and volcanic eruptions in
northern Mesopotamia have caused considerable degradation of the land use
condition. Radiocarbon grain samples retrieved from the excavation site in Tell
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Fig. 6.1 Ancient urban settlements in the Habur Plains, Northeast Syria (Habur Plains, Northeast
Syria, urban settlement system at 2600-2200 BC. Circles indicate probable areas of agriculture
and herding sustain each city. Diagonal lines are elevation >500 m above sea level: dotted lines
are modern rainfall isohyets (in mm). Large circles are sites of 75—-100 ha. Medium circles are sites
of 25-50 ha. Small hollow circles are sites less than 10 ha. Tephra deposits have been retrieved
from Tell Leilan, Tell Bager, Tell Nasranl, Tell Nasran 2, Abu Hgeira 2, and Abu Hafur 2).
Source: Weiss et al. (1993)

Leilan in Syria just 20 km from the Turkey-Syrian border provided calibrated dates
of 2280-2040 BC (Forrest et al., 2004). Abrupt climate change caused abandon-
ment of cities in the Habur plain in Northern Mesopotamia and collapse in adjacent
regions suggested that the impact of the abrupt climatic change was extensive
(Fig. 6.1).

This has caused regional desertification, and sudden collapse of the Akkadian
empire (Weiss et al., 1993). A severe drought had occurred that even earthworms had
not survived. This was among the earliest evidence that severe climate change could
be responsible for the rise and fall of civilizations together with miss management
of land resources.

During the AD 1990s the Waubay Lakes complex in eastern South Dakota
experienced historically high water levels. A 1,000-year hydroclimate reconstruc-
tion was developed from local bur oak (Quercus macrocarpa) tree-ring records
and lake-sediment cores. Lake shoreline analyses and drainage features provides
late-Quaternary geomorphic context. Tree-ring width and shell geochemistry of
the ostracode Candona rawsoni show marked coherence, indicating synchronous
responses to moisture balance in vegetation and lake salinity. Geomorphic evidence
suggests that buffering of lake-system expansion occurred during pluvial periods by
evaporative dynamics (Shapley et al., 2005).
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U.S. Drought Monitor October 27, 2009

Valid 8 a.m. EDT

[] DO Abnormally Dry r~ Delineates dominant impacts
[] D1Drought - Moderate A = Agricultural (crops, pastures,

I D2 Drought - Severe grasslands) D
I D3 Drought - Extreme H = Hydrological (water)

W D4 Drought - Exceptional SDA x /,.‘\ v\

The Drought Monitor focuses on broad-scale conditions. BRI o s o \.;@/ Vf

Local conditions may vary. See ipanying text y

for foracast stalements. Released Thursday, October 29, 2009
http://drought.unl.edu/dm Author: Matthew R , NOAA/NWS/NCEP/CPC

Fig. 6.2 US Drought map, based on the National Weather Service (NWS). National Centers for
Environmental Prediction are depicting current areas of dryness and drought

Figure 6.2 shows a drought map, which is based on analysis of the data pro-
duced by the NWS forecast products. It utilized the HPC 5-day QPF and 5-day
Mean Temperature progs, the 6-10 Day Outlooks of Temperature and Precipitation
Probability, and the 8-14 Day Outlooks of Temperature and Precipitation
Probability, valid as of late Wednesday afternoon of the USDM release week. The
NWS forecast web page used for this section is: http://www.cpc.ncep.noaa.gov/
products/forecasts

6.3 Carbon Balance

In the past decade, increasing awareness of CO; build-up in the atmosphere and the
threat of global warming has instigated society to find means to reduce atmospheric
COy. The concept of greenhouse gas reduction by sequestering carbon in different
terrestrial ecosystems, or withdrawal of CO, from the atmosphere, has been exten-
sively discussed over the last 2 decades. While the debate on the complex issue of
quantification of carbon stocks is still evolving, it is generally agreed that carbon
sequestration can be a highly cost effective and environmentally friendly sound mit-
igation technique. This would also be a response to commitments by signing parties
under the conventions of:
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(i) Climate Change (Keyoto Protocol);
(ii) Biological Diversity; and
(iii)) Combating Desertification.

Therefore, strategies that could lead the amelioration of these problems are likely
to be of great global significance.

People interested in the carbon flux area have not yet succeeded to translate the
vast current knowledge of carbon dynamics that scientists have produced, into real
agronomic practices. There is a need to carry out practical works to design appro-
priate strategies for carbon sequestration. The research so far carried out show the
multiple agricultural and environmental benefits. Funding for research and develop-
ment to address the practical implementation of carbon sequestration is needed, if
the potential of this new paradigm is ever to be realized.

There is a general agreement that with appropriate management technologies
soil can function as a sink and contribute the process of CO; reduction in the atmo-
sphere. This would mean drawing CO; out of the air and converting it to biomass
(plants) or soil organic matter. By using water and energy from the sun, plants are
naturally capable of converting CO» to carbohydrates or biomass and consequently
organic matter in the soil. Preliminary estimates suggest that using appropriate man-
agement techniques ~40-80 Pg C that would be produced through the combustion
over the next 50-100 years could be sequestered in the cropland. This would mean
that carbon sequestration offers a mean to control the CO; levels in the air to keep
550 ppm critical threshold level.

The total amount of carbon stored in terrestrial ecosystems is large. According
to US Department of Energy (1999) it is ~2,000 = 500 Pg. The rate of the process
is estimated to be ~2 Pg C year™! (~0.1% of the current storage). About 75% of
terrestrial carbon occurs in the soil, therefore, they are essential in terms of carbon
sequestration. The potential for carbon sequestration appears to be large in com-
parison with current rate for terrestrial ecosystems (5-10 Pg C year!', when all
terrestrial ecosystems are considered). What is the maximum capacity to sequester
carbon is not yet known.

There are two fundamental approaches to sequestering carbon:

(i) Protection of ecosystem that store carbon so that sequestration can be main-
tained (increasing residence time), and

(il) Manipulations of ecosystems to increase carbon sequestration beyond the
current conditions.

All factors remaining the same, the rate of C sequestration in soils is higher for
warm humid regions than dry cool regions. Great differences occur also between
non-degraded soils as compared to severely degraded ones. On the other side it may
seem unlikely to sequester large amounts of carbon in dryland regions, in compar-
ison to other agro-ecological zones of the world. But, according to UNEP (1997)
drylands store 60 times more carbon than the carbon added to atmosphere by fossil
fuel. Drylands cover 450 million hectares area. A small change in the rate of carbon
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Table 6.1 Estimates of carbon sequestration potential of some major land-use types with projected
annual carbon storage and time frames (UNEP, 1997)

Area
(million Rate (TC ha™! Cost($US  Total Mt C
Option hectares) year‘l) Period (year) tC) year‘l)
Dryland crop 450 0.3-1.0 5-20 1-5 135
management
Halophytes 130 0.5-5.0 Indefinite if 170 (irrigated 65
harvested and
5 year if harvested)
not 20 (dryland
not
harvested)
Bush 150 0.1-0.5 15-50 10-20 37
encroachment
Energy crops 20 (5% of 4-8 Indefinite 2-5 80
dryland
crop area)
Domestic Not Not applicable Indefinite 2-5 75
biofuel applicable
efficiency
Agroforestry 50 0.2 30 2-10 10
(arid)
Agroforestry 75 0.5 20 2-10 38
(semiarid)
Agroforestry 150 1.5 15 2-10 225
(subhumid)
Improved 10 (2,500 0.1 30 10 1
pasture degraded
(semiarid globally)
Asia)
Savannah fire 900 0.5 30 1-5 450
control (globally)
Woodland 400 0.5 30 1-5 200
management (globally)

sequestered in dryland regions can have large impacts on CO; in the atmosphere.
Over 1 billion people currently live in susceptible drylands and any effort to restore
productivity of these eco-regions will be of benefit for their livelihoods. Table 6.1
shows carbon sequestration potential of some major land used types.

Technological options considered to sequester carbon in agricultural land are not
many. Some of these were developed for temperate and tropical regions, others for
developing economies. Application may differ from one area to another region.
There is a strong need to do applied research thus to determine the actual values
that can be used to calculate the economical benefits of carbon sequestration.

One of the fundamental arguments is that, about 50% of soil organic matter
(SOM) is lost in the topsoil, due to intensive agricultural practices. Uncultivated
soils were in equilibrium with the native vegetation and accumulated large soil
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organic carbon reserves (SOC), but cultivation has disrupted this steady state equi-
librium (Lal et al., 1999). There are reliable estimates that many cultivated soils in
North America have lost substantial amount of SOM due to crop cultivation (Acton
and Gregorich, 1995; Bruce et al., 1999), which resulted in decline in production,
increased soil erosion and soil degradation. It is estimated that lost carbon from
the soil will take 25-50 years to store it back, with current technologies (Lal et al.,
1998). With good management practices it may be possible to exceed the original
native SOM content of many soils.

Lal et al. (1999) suggest that intensification of agriculture on good soils can be
achieved through the widespread adoption of:

(i) conservation tillage and residue management,
(ii) irrigation and water management systems,
(iii) improved cropping systems, including agroforestry and sustainable fertiliser
management

(i) Conservation tillage and Residue management: Conservation tillage (CT) is
a method designed to keep most crop residues on the soil surface. This way
soil is protected against erosion and water losses by runoff and evaporation
are also reduced. Reliable data show that traditional intensive tillage decrease
soil carbon as it encourages rapid mineralisation of soil organic matter. Fallow
periods in rotation have been used in semiarid regions to conserve moisture for
succeeding crop. However, fallow especially in combination with conventional
tillage exposes the soil to erosion (especially wind) and creates temperature and
moisture conditions that speed up the process of organic matter decomposition
in the soil.

Conservation tillage stores or builds more organic matter into the soil and
provides long-term productivity and sustainability by enhancement of soil
quality and improvement of soil resilience (Reicosky et al., 1995; Grant, 1997).
Technologies related to conservation tillage are well adopted by farmers in
North America and currently gaining momentum by farmers elsewhere. More
than 1/3rd of the land farmed in the USA is now managed with a CT sys-
tem, including no till, minimum till, or ridge till (Lal et al., 1999). One of the
encouraging advantages of this method is reduced farm input.

(ii) Irrigation and water management systems: Irrigation, especially in drought-
prone soils can enhance SOC content. Experimental data on the impact of the
irrigation on SOC dynamics are rare. Bruce et al. (1999) suggest that conver-
sion of dryland to irrigated agriculture may increase the SOC content with an
average rate of 100 kg ha™! year™!. Irrigation of soils in arid and semi-arid
regions also affects the SOC pool and its dynamics. This is a complex issue
and very little attempt is made to increase our understanding on this aspect of
carbon cycle.

(iii) Improved cropping systems, including agroforestry and sustainable fertiliser
management: It is natural that the application of fertilisers (N, P, and K) would
increase the overall biomass production, including root biomass. Long-term
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experimental studies around the world have clearly proven this. Especially
over the last 50-60 years fertilizers have increased notably food production.
We should recognize that this is a good strategy for increased food produc-
tion especially in the developing countries, which in turn can help to stabilize
deforestation and reduce greenhouse gas emissions. More biomass production
means increased chance of carbon sequestration. Other organic fertilizers and
inputs, such as crop rotation, and agroforestry, can also do this.

A number of other techniques could used to increase and enhance soil carbon
sequestration. They include:

Organic fertilisation and other organic inputs: This includes green manures with
especially legume species, manure compost, manure sewage sludge, wood process-
ing remains, and peat, beside crop residues. Adding organic matter on severely
eroded soils reduces the risk of erosion by promoting the formation of aggregates
that resist to soil degradation.

Crop Rotation: Forages and legumes have extensive rooting systems that leave
large amounts of organic matter. When used with conservation tillage, crop rotation
adds more organic matter to the soil.

Agroforestry: This is a rather new system of combination of fast growing trees
with agriculture that also include feed to supports livestock (Mergen, 1986). It
provides habitat for bio-diversity and produces goods and services (Winterbottom
and Hazelwood, 1987). This system can increase carbon sequestration substantially
(Unruh et al., 1993). It is a compromise solution to continuous crop production,
supporting livestock and carbon sequestration. Extensive research is now going on
around the world. ICRAF in Nairobi Kenya is established to specifically deal with
agroforestry. Little is known however about carbon storage within a certain time
frame (Schroeder, 1993).

One of the advantages of agroforestry systems is providing a more hospitable
environment for biodiversity, both above and belowground. Sacnchez et al. (1996)
suggest that substantial biodiversity benefits are likely if agroforestry covers large
areas and maintained for relatively long time.

The flux of carbon among plants, soils, and the atmosphere is still poorly under-
stood. It is important to recognize that carbon sequestration is an immature field
of study. Understanding how to increase soil carbon stocks in agricultural lands is
critical to increasing sustainability of food production and mitigation of degraded
lands.

Interesting research results could be mention regarding Canada’s carbon cycling
two main national objectives (Acton and Gregorich, 1995). These are:

1. To determine weather Canadian agriculture is a source or sink of atmospheric
CO,,

2. To reduce uncertainties about the processes that determines the exchange of CO;
between land and atmosphere.
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It is calculated that the amount of CO; released from the soil, when native Prairie
grasslands were first cultivated, is equivalent to that released by about 10 years of
fossil fuel consumption in Canada. Currently there seems to be a balance established
with the farming system used. Several methods were tested to sequester atmospheric
CO; in soils and several management options were also identified in Canada.

The quantification of carbon storage requires many years of studies, as the altered
new system attains a balance between soil carbon inputs and outputs after so many
years. This is unfortunately one of the problems we face in carbon sequestration
studies. Canada is interested in developing land management systems that maintain
biodiversity, sustainability, and agricultural competitiveness. Canadian ecological
condition allows only one crop a year and the growing seasons is short, due to low
atmospheric and soil temperatures. The climate varies between semi-arid to humid.
About 18 years of tillage treatments of soils from Eastern Canada under corn showed
that no-till increased organic matter in the soil (both at the surface and throughout
the soil profile). Table 6.2 shows clearly that organic matter has increased in no till
treatment.

Table 6.2 Organic matter at two depths after 18 years of various tillage treatments of a soil from
Ontario, Canada under corn

Soil organic matter (tonnes per hectare)

Tillage system 0-15 cm 15-30 cm 0-30 cm
No till 86 65 151
Chisel plough 73 52 125
Disc 74 58 132
Moldboard plough 66 64 130

6.4 Land and Water Management

The sustainable use and protection of our natural resources requires careful man-
agement to maintain the environmental integrity of the resource. Many countries
are developing programmes to promote the best use of the resources for their social
and economic benefits while protecting associated resource values, the environment,
and public health and safety.

A good example in this context is the Australia’s Commonwealth Scientific
and Industrial Research Organisation (CSIRO) that tries to shape land and water
resource management through finding new ways to use less water in agricul-
ture and other industries, to re-use or recycle urban and industrial waters and
wastes, while also protecting the rivers, catchments and groundwater reserves
(http://www.clw.csiro.au). Multidisciplinary teams tackle land and water challenges
with combined force. Most of their work is performed in partnership with govern-
ment and research scientists. However, the complexity of the landscape still remains
a challenge and limits our understanding. Experience, combined with the knowledge
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and expertise of the partners in industry, government, academia and the community,
has made the CSIRO Land and Water Division an excellent example that can be
used in other parts of the world.

Fraiture et al. (2009) in a recent study concluded that there are sufficient water
resources to produce food for a growing population but that trends in consump-
tion, production and environmental patterns, if continued, will lead to water crises
in many parts of the world. Recent increase in food prices, partially caused by the
increasing demand for agricultural products in non-food uses, underline the urgent
need to invest in agricultural production, of which sustainable land and water man-
agement is a crucial part. The current situation and the long-term outlook require
a fresh look at approaches that combine different elements such as the importance
of access to water for the poor, providing multiple ecosystem services, rainwater
management, adapting to efficient irrigation systems, enhancing water productivity,
and promoting the use of low-quality water in agriculture.

6.4.1 Sustainable Water Use

The water available for agriculture becomes limiting due to population growth,
competition from other water users, and drought and degradation of water qual-
ity. It is, therefore, important to ensure that every drop of water counts for crop
water use. To manage sustainable water use the following measures are suggested:
(1) Grow drought-resistant plants, (2) Apply water efficiently, (3) Manage soil and
water to minimize water loss, (4) Conserve water for critical growth periods, (5)
Use irrigation practices that enhance root growth, and (6) Minimize downstream
environmental damage caused by irrigation runoff and deep percolation.

The European Environment Agency (EEA) (2001) provides an overview of the
main natural and artificial causes and impacts of extreme hydrological events, such
as floods and droughts, in European countries. This report also gives an overview on
policy responses to prevent such events and reduce their damage. One of the main
contributions of this report is the identification of driving forces, pressures, state,
impacts and responses concerning floods and droughts. EEA has compiled informa-
tion on extreme events in EEA member countries that includes also the Central and
Eastern European countries.

Consumption and pollution of land and water by agriculture are becoming serious
concerns. Water resources can be used much more efficiently in producing food and
fibre, while minimizing pollution and supporting ecosystems. How to achieve this
depends on mindsets and societal goals, as well as how the institutional systems and
structures will be able to respond to such needs.
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Chapter 7

The Use of GIS Data in the Desertification Risk
Cartography: Case Study of South Aures Region
in Algeria

H. Benmessaud, M. Kalla, and H. Driddi

Abstract Risk cartography is a primordial step for the valuation and manage-
ment of desertification process but it is a complicated one, which necessitates large
amounts of spatial and statistical data. The use of Geographic Information Systems
(GIS) permits to manage and use these data efficiently. The objective of our study
was the compilation of desertification sensitivity maps of the area south of Aures
region, Algeria. We used a GIS system following the MEDALUS methodology
(Mediterranean Desertification and Land Use), which use qualitative indices to
define zones sensitive to desertification. The creation of the database consists of four
information layers (soil, vegetation, climate and the socio-economic data) accom-
plished with ground validation. Once the database was completed, its elaboration
helped identifying sensitivity areas through the use of various indices. The result is
a middle scale risk map, which presents a synthesis of the desertification intensity.
The map is an efficient tool to help decision makers endorse sustainable land man-
agement strategies for the protection of natural resources, especially to those greatly
affected by increased aridity.

Keywords Desertification sensitivity - Indices - Risk cartography - Geographical
Information System - MEDALUS concept - South Aures - Algeria

7.1 Introduction

Having large parts of its territory under arid and semi-arid areas, Algeria is one of
world’s most affected countries by desertification. With 2 million square kilome-
tres of desert and 382,000 km? dominated by semi-arid and dry sub-humid areas,
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Algeria is the second largest African country as far as the territory is concerned
(Abdessemed, 1981; Berkane and Yahiaou, 2007). Desertification has a strong pres-
ence in the country; however, the steppe areas are the most sensitive zones to
desertification covering about 20 million hectares (Ansar, 2002). Combating thus
desertification requires first the acquisition of data, such as soil, biodiversity, socio-
economics, etc that are necessary for problem analysis. These data were derived
from previous studies (Ballais, 1981; Benmessaoud et al., 2007) and using a GIS
were elaborated for desertification impact analyses (Benmessaoud et al., 2007,
Bensaid, 2006). The GIS proved to be a powerful tool for such purpose.

The region south of the Aures has experienced over the last decades rapid degra-
dation of natural resources (Dubois et al., 1997; PNUD/UNSO DGF/Algérie, 2001;
Oussedik et al., 2003). The degradation process includes wind erosion and sand
encroachment, animal and crop product reduction, and migration. Sustainable devel-
opment of the area thus necessitates the establishment of digital databases and data
elaboration for identification of desertification sensitivity areas.

Our work addresses a specific case study in the region south of the Aures (Eastern
Algeria) that was finalised with the completion of a sensitivity to desertification map
at medium scale using a GIS system and following the MEDALUS methodology
(Mediterranean Desertification and Land Use).

7.2 Background Information

The Aures constitute a geographical entity located East of the Saharan Atlas
Mountain. This whole mountain is very steep and heavily exposed to the process
of desertification (erosion), particularly in its southern part that is in direct contact
with the Sahara.

Geographically, the study area is located (Fig. 7.1), between the meridians (6°
29" and 5° 36’) East and the parallel (35° 15’ and 34° 41") North.

The study area is located in a transition zone between the North Atlas and the flat
desert expanding in the south. From the climatic point of view the area belongs to
the Mediterranean climate and is characterized by hot and dry summers and cold wet
winters in the highlands and mild in the plains, however remains generally affected
by aridity (Fig. 7.2).

7.3 Working Methodology

The different types of Environmental Sensitivity Areas (ESA) to desertification
could be analysed in relation to various parameters such as landform, soil, geol-
ogy, vegetation, climate, and human action. Each of these parameters were grouped
into various uniform classes with respect to the behaviour on desertification and then
weighting factors were assigned to each class. The following four indicators were
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Fig. 7.1 Location map of the study area

evaluated (a) soil quality, (b) climate quality, (c) vegetation quality, and (d) manage-
ment quality. After the computation of four indices for each indicator, the ESAs to
desertification were defined by combining the abovementioned indicators. All the
data were introduced in a regional GIS, and overlaid in accordance with the devel-
oped algorithms to finalise the compilation of ESAs to desertification. This approach
includes parameters, which could be easily found in existing soil, vegetation, and
climate reports of the area.



84 H. Benmessaud et al.

Q,=3.43xP/(M-m)

Humide

——— [ Subhumide Sud des Aures

Semi-aride

Saharien

-5 -4 -3 2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12

Tres

Tres froid Froid Frais Tempéré Chaud Chaud

Fig. 7.2 Climagramme D’Emberger

7.3.1 Soil Quality Indicators

Soil is a dominant factor of the terrestrial ecosystems in the semi-arid and dry sub-
humid zones, particularly through its effect on biomass production. Soil quality
indicators for mapping ESAs can be related to (a) water availability, and (b) erosion
resistance. These qualities can be evaluated using simple soil properties or charac-
teristics such as texture, parent material, soil depth, slope angle, drainage, stoniness,
etc. available in regular soil survey reports The use of these properties for defin-
ing and mapping ESAs requires the definition of distinct classes with respect to the
degree of land protection from desertification (Table 7.1).

Soil quality index (SQI) was then calculated as the product of the above
attributes, namely soil texture, parent material, rock fragment cover, soil depth, slope
grade, and drainage conditions using as the following algorithm (Table 7.2):

SQI = (texture x parent material x rock fragment x depth x slope x drainage) 1/6

7.3.2 Climate Quality

Climate quality was assessed using parameters that influence water availability to
the plants such as the amount of rainfall, air temperature and aridity, as well as any
climate hazards such as frost that might inhibit or even prohibit plant growth. Annual
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Table 7.1 Classes, and assigned weighing indices for the various parameters used for soil

assessment
SQ characteristics Class Description Characteristic Index
Texture 1 Good L, SAL, SL, LS, LC 1
2 Moderate SC, SiL, SiCL 12
3 Poor Si, C, SiC 1.6
4 Very poor S 2
Parent material 1 Good Shale, schist, basic, 1
ultrabasic,
conglomerates,
unconsolidated
2 Moderate Limestone, marble, 1.7
granite, Rhyolite,
ignibrite, gneiss,
siltstone,
sandstone
3 Poor Marl, pyroclastics 2
Slope 1 Very gentle to flat <6% 1
2 Gentle 6-18% 1.2
3 Steep 18-35% 1.5
4 Very steep >35% 2
Drainage 1 Well drained - 1
2 Imperfectly drained - 1.2
3 Poorly drained - 2
Soil depth 1 Deep >75 1
2 Moderate 75-30 2
3 Shallow 15-30 3
4 Very shallow <15 4
Table 7.2 Soil quality index description
Class Description Index
Soil quality index (SQI) 1 High quality <1.13
Moderate quality 1.13-1.45
3 Low quality >1.46

precipitation was classified in three classes considering the annual precipitation of
250 mm as a crucial value for soil erosion and plant growth (Table 7.3).

The most effective measure for assessing soil water availability is by calculating
the difference between precipitation and evapotranspiration and run-off. However,
this calculation requires relatively large amount of data such as soil moisture reten-
tion characteristics and vegetation growth characteristics. Therefore, the simple
BAGNOULS-GAUSSEN aridity index was used. This index was grouped into six
classes as shown in Table 7.3. Slope aspect was divided into two classes (a) NW
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Table 7.3 Classes and

weighing indices for climate Class (mm) Index
quality assessment Rainfall < 500 )
250-500 2
<250 3
Aridity <50.0 1
50-75 1.1
75-100 1.2
100-125 14
123-150 1.8
> 150 2
Table 7.4 Climate quality .
index Class Description Range
1 Very favourable <1.15
2 Favourable 1.15-1.81
3 Unfavourable >1.81

and NE and (b) SW and SE assigning the indices 1 and 2, respectively. The above
three attributes were then combined to assess the three climate quality index classes
(CQI) shown in Table 7.4 using the following algorithm:

CQI = (rainfall x aridity x aspect)1/3

7.3.3 Vegetation Quality

Vegetation quality was assessed in terms of (a) fire risk and ability to recover, (b) soil
erosion protection (c) drought resistance and (d) plant cover. The existing dominant
types of vegetation in the Mediterranean region were grouped into four categories
according to the fire risk. Four categories were used also for classifying the impacts
of vegetation in regard to soil erosion. Four categories were used for the classi-
fication of vegetation with respect to drought resistance. Finally, plant cover was
distinguished into three classes (Table 7.5).

The vegetation quality index (VQI) was assessed as the product of the above
vegetation characteristics related to sensitivity to desertification using the algo-
rithm below. The VQI index was classified into three classes defining the quality
of vegetation with respect to desertification sensitivity (Table 7.6).

VQI = (fire risk x erosion protection x drought resistance x vegetation cover)1/4
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Table 7.5 Relationship between type of vegetation and quality index

Class Description Type of vegetation Index
Fire risk 1 Low Sand, and Chott
Moderate Sebkha 1.3
3 Very high Course, Hills,
Culture, Forest
Erosion 1 Very high Mountainous 1.3
protection 2 Moderate Course, Hills, 1.8
3 Low Culture 2
Sand, and Chott
sebkha
Drought 1 High Sand, and Chott 1.2
resistance 2 Moderate sebkha 1.4
3 Low Course, Hills 1.7
4 Very low Cultures, Forest 2
Plant cover 1 High >40 1
2 Low 1040 1.8
3 Very low <10 2
Table 7.6 Vegetation quality index
Class Description Range
Vegetation quality 1 High quality 1.2-1.6
index (VQI) 2 Moderate quality 1.7-3.7
3 Low quality 3.8-16

7.3.4 Management Quality or Degree of Human Induced Stress

To be able to assess the impacts of management quality and human induced stress
the land was classified in the following categories according to the major land use

patterns of the study area:

AW =

. Agricultural land: Cropland and Pasture

. Natural areas: Forest, shrubland and bare land
. Mining areas (quarries, mines, etc.)
. Recreation areas (parks, compact tourism development, tourist areas, etc.)
. Infrastructure facilities (roads, dams, etc.)

After defining the main land use type in a certain piece of land, then the inten-

sity of land use and the enforcement of policy on environmental protection were
assessed for each particular type of land use for any specific area. The management
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Table 7.7 Management quality index

Class Description Range index
The management 1 High 1-1.25
quality index (MQI) 2 Moderate 1.26-1.50
3 Low >1.51

quality index (MQI) was assessed using the following algorithm and the results are
presented in Table 7.7.

MQI = (land use intensity x policy enforcement)1/2

7.4 Matching Results

The final step comprised the matching of the physical environmental qualities (soil,
climate, vegetation) and the management quality for the definition of the various
types of ESAs to desertification. The four derived indices are multiplied for the
assessment of the ESAs index (ESAI) as following:

ESAI = (SQI x CQI x VQI x MQI)1/4

The ranges of ESAI for each of type of the ESAs (as they were defined above),
included three subclasses in each type as they appear in Table 7.8. Each type of
ESAs is defined on a three-point scale, ranging from 3 (high sensitivity) to 1 (lower
sensitivity) in order that the boundaries of the successive classes of ESAs could
be better integrated. It must be pointed out that the range for each type of ESAs
has been adjusted in such a way that it could include the various types of ESAs
resulted from the various studies conducted in the past in the target area of the south
Aures.

7.4.1 Results and Interpretation

Following are detailed analyses of obtained results for the study area.

Table 7.8 Types of ESAs and corresponding ranges of indices

Types of ESAs Description Ranges of indices
1 Non affected 0-1.22

2 Potential 1.23-1.30

3 Fragile 1.31-1.41

4 Critical 1.41-2
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7.4.1.1 Analysis of Soil Quality

SQL queries and simple queries were made and after each query was executed the
table request was updated until finally the entire database was validated and these
results were shown in three soil qualities classes for a total area of 2,501 km? that
are distributed as follows (Table 7.9 and Fig. 7.3).

The high soil quality category occupies an area of 1,341 km? or 53.63% of the
total area, with a quality index below 1.33. This class is mostly occupied by forest
vegetation, is less subject to human pressure than the other two. This explains better
soil stability and lower impacts of erosion. The moderate class covers an area of
595.47 km? or 23.81% and has an index between 1.33 and 1.45. It is mostly spread
over the central part of the study area. The class of poor quality cover an area of
564.96 km? or 22.56% of the total area, with a quality index above 1.45 and it
occupies the southern part of the case study.

Table 7.9 Distribution of soil quality areas

SQI Description Area (km?) Area (%)
<1.33 High quality 1,341 53.63
1.33a1.45 Moderate quality 595.47 23.81
>1.45 Low quality 564.96 22.56

Legend:
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Fig. 7.3 Soil quality map of southern Aures region
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7.4.1.2 Analysis of the Climate Quality

Climate quality was shown in three classes and was rather a simpler SQL interpre-
tation compared to the previous soil quality map. Table 7.10 and Fig. 7.4 show the
results.

The very favourable climate class occupy an area of 747.92 km? or 29.91% of
the total area of 2,501 km?, with a quality index below 1.34. This class is located in
higher altitudes with relatively heavy rainfall. The favourable class covers an area
of 744.90 km? or 29.79% and has an index between 1.34 and 1.81. It is the biggest
of the three categories as the region of south Aurés is located in the arid zone where
rainfall does not exceed 200 mm. The unfavourable class extends to the rest of the
area, with a quality index above 1.81 and it is spread over the southern part of the
case study.

Table 7.10 Area of different climate quality

CQI Description Area (km?) Area (%)
<1.34 Very favourable 747.92 29.91
1.34-1.81 Favourable 744.90 29.79
>1.81 Unfavourable 1,007.73 40.30

Bl

Legend:
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Fig. 7.4 Climate quality map of southern Aures region
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7.4.1.3 Analysis of the Vegetation Quality

An SQL analysis was used to establish the areas covered by three classes of vege-
tation quality to quantify their respective extension areas as they are shown in both
Table 7.11 and Fig. 7.5.

The area with good vegetation occupies only about 24.16 km? or 0.97% of the
total area, with a quality index below 1.13. More than 50% of this class is covered
by forest vegetation (scrub oak green) (Schoenenberger, 1971). The moderate class
quality covers an area of 520.35 km? or 20.82% and has an index between 1.13 and
1.38. It occupies the northern part corresponding to the degradation of forests and
expansion of crops and pastures. The poor quality class extends to the rest of the
area with a percentage of 78.21%, and a quality index above 1.38. It occupies the
southern part.

Table 7.11 Vegetation quality classes and their respective areas

VQI Description Area (km?) Area (%)
<1.13 High quality 24.16 0.97
1.13-1.38 Moderate quality 520.35 20.82
>1.38 Low quality 1,956.46 78.21
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Fig. 7.5 Vegetation quality map of the southern Aures region
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7.4.1.4 Management Quality or Degree of Human Induced Stress

The map obtained after treatment with SQL and simple selection made possible to
distinguish three socio-economic definition areas given in Table 7.12 and Fig. 7.6.

The class of good quality occupies an area de 178.55 km? or 7.14%, with a
quality index between 1 and 1.25. It is localized mainly in the town of Ain zatout
whose population has increased from 3,847 inhabitants in 1987 to 4,000 in 1998, or
an average annual growth rate of 0.36%. This rate is far too low compared to the
national average of 2.34%.

The moderate quality class occupies the largest area, or 2,211.44 km? (88.44%)
of the total area, with an index between 1.25 and 1.50. This class occupies almost all
municipalities in the study area. Vegetables, cereals, fruit trees and phoeniciculture
represent the main agricultural production of the area. The poor quality class covers
an area of 110.57 km? or 4.42% out of the total area, with a quality index above 1.5.
These are predominantly pasturelands with dense population.

Table 7.12 Areas of the different management quality

MQI Description Area (km?) Area (%)
1-1.25 High 178.55 7.14
1.25-1.50 Moderate 2,211.44 88.44
> 1.50 Low 110.57 4.42

Legend:

@ 1-125  High
[]1.26-150 Moderate
B 151-2  Low

-[34°40" —5—+ = 42 f

Fig. 7.6 Management quality map of southern Aures
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7.5 Analysis and Interpretation of the Desertification Sensitivity
Map

The final map produced from the combination of previously described indicators
enabled us to understand and classify areas sensitive to desertification in the region
of south Aures. We divided them in four classes i.e. (1) Highly sensitive, (2)
Sensitive, (3) Insensitive, (4) Unaffected, as shown on Table 7.13 and Fig. 7.7.

Only 2.80% or 69.92 km? are included in the unaffected areas with an index of
sensitivity between 0 and 1.22. This class of sensitivity is located north of the study
area at the town of Ain zatout in a forest area that have a significant recovery capac-
ity and good conditions for phoeniciculture despite covering a limited surface. The
forests consist of Maquis and cover more than 50% of the territory. The relatively
high rainfall reduces drastically the desertification risk.

The Insensitive areas with an extension of 218.40 km?, or 8.73% of the total area,
have a sensitivity index 1.22 and 1.30. They are located mainly on the mountain
areas north of the case study including the thicket of M’ziraa and M’chouneche,

Table 7.13 Extension of sensitivity to desertification areas

Type ESAs Area (km?) Area (%)
Very sensitive 1.40-2 1,696.16 67.83
Sensitive 1.30-1.40 516.07 20.64
Insensitive 1.22-1.30 218.40 8.73
Unaffected 0-1.22 69.92 2.80

6°18
]

Legend:
Bl 0-1.22 Non affected
I 1.23 -1.30 Potential
[ 1.31-1.40 Fragile

B 1.41-2 Critical

Fig. 7.7 Map of sensitivity to desertification of southern Aures region
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where goat grazing is largely practiced on old maquis accelerating thus the process
of forest degradation.

The sensitive class is located in the northern communes of M’ziraa, M’chouneche
and Djemourah. It covers an area of 516.07 km?Z, or 20.64% of the total area and the
sensitivity index vary between 1.30 and 1.40. This sensitivity affects mainly scrub
and rangelands and is due to the poor quality of soil, climate and expansion of crops
and pastures.

The very sensitive class stretches over an area of about 1,696 km?, or 67.83%
of the total area with an index ranging between 1.40 and 2. It is very sensitive
and occupies the largest part of the case study. It is located mainly in the south
and moderately on North West and affects all municipalities in the study area:
M’ziraa, M’chouneche, Chetma, Biskra, Bran, and low Djemourah Ain zatout. The
desertification process in this part is almost irreversible.

7.6 Conclusions

This work has clearly identified the main causes and problems related to desertifi-
cation in the South Aures region. It also quantified both in spatial and quantitative
terms the intensities of desertification. The analysis of results shows that desertifica-
tion threatens virtually the entire area and appears across various sensitivity classes.
In fact over 88% of the area has been classified as sensitive to very sensitive, while
only less than 12% is included into lower sensitivity classes.

The MEDALUS scientific approach responds well to the identification of deser-
tification sensitivity areas. It could be used also as framework for upgrading results
from regional to a larger scale. The approach is based on a number of indicators that
need to be evaluated separately then included in thorough evaluation process. All of
this has to be supported by the power of GIS. This process starts with data collection
in a harmonized basis, which allows assessing the risk of the desertification process
and allows developing tools for decision support systems.
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Chapter 8
Land Degradation and Overgrazing in the Afar
Region, Ethiopia: A Spatial Analysis
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Abstract Pastoralist societies in dryland areas anticipate the harsh climatic
conditions with migration patterns that optimise the use of available forage and
watering points. Yet, these traditional institutions are under increasing pressure due
to a mounting population, encroaching of traditional grazing areas by sedentary
agriculture and restrictions on transboundary movements. Indeed, the last decades
witnessed an intensified use of these rangelands and the threat of overgrazing, a
major cause of land degradation, should be taken seriously. This also motivates
the current study where we analyse the relationship between grazing patterns and
land degradation in the nomadic pastoralist areas of the Afar Region, Ethiopia.
However, this is not an easy task because trekking patterns and concentrated
grazing areas are not known in sufficient detail to engage in a fully spatial-
temporal analysis. Therefore, we simulate the effect of migration by analysing land
degradation-overgrazing relationships under various area accessibility scenarios,
gradually releasing administrative boundary restrictions for pastoralists from dis-
trict zone to state level. A grazing supply to demand ratio is applied to analyse the
incidence of overgrazing whereas land degradation is estimated using time series
analysis of the Rainfall Use Efficiency (RUE). The study shows that fodder short-
ages at district level in the western Afar are partly compensated at zonal level while
the demand-supply ratio at state level is close to one. Significant negative trends
in RUE are found in the north-eastern part of the Afar, in isolated pockets along
the Awash River and near escarpments with the Highlands. A better understand-
ing of the land degradation-overgrazing relationship requires more information on
trekking patterns, including possible visits outside the study area.
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8.1 Introduction

Sustainability of livestock management in pastoral areas has been hotly debated
in the last decades. Many consider pastoral systems unsustainable as overstocking
and overgrazing may lead to land degradation (e.g. Lamprey, 1983; Sinclair and
Fryxell, 1985) and desertification (e.g. Homewood and Rodgers, 1987; Leach and
Mearns, 1996; Dodd, 1994). These problems seem to echo “the tragedy of the com-
mons” (Hardin, 1968) as individuals reap the benefits of overgrazing communal
lands without sharing the costs with other land users. Yet, the view that pastoral
systems are synonymous with unsustainability came under serious criticism (e.g.
Behnke and Abel, 1996; Sullivan, 1996; Sullivan and Rohde, 2002) as inappropriate
government orchestrated interventions limited the traditional strategies of nomadic
pastoralists to deal with harsh dryland conditions (Sanford, 1983; Ellis and Swift,
1988). Indeed, many consider now nomadic! pastoralists as an epitome of sustain-
ability (Desta and Coppock, 2004) that has been negatively influenced by external
factors. For example, in arid lands population growth and appropriation of land for
irrigation (Hundie, 2006) has caused pressure to mount, with overgrazing and vio-
lent conflicts among land users as most visible symptoms (Rass, 2006). Moreover,
the development plans for massive expansion of biofuel plantations (Biopact, 2007)
on “marginal” drylands can be expected to restrict further land’s accessibility to
pastoralists (Cotula et al., 2009).

Afar state in northeast Ethiopia (Fig. 8.1) is a good case in point. This arid region
(Fig. 8.2) hosts 1.5 million people, 78% of which are pastoralists. Some of these
pastoralists migrate along the seasons between a permanent base and distant graz-
ing areas in semi-nomadic conditions, while the pure nomads among them move
without a fixed homestead (CSA, 2003).

These movements are based on cautious decisions that capitalize on all peren-
nial and current information by choosing trekking routes that can make best use
of the forage expected to be available on the way. However, accessibility to range-
lands and watering points has increasingly been hampered by new developments in
the area. Indeed, expansion of sedentary agricultural settlements along the Awash
River, implementation of the state-owned Tenaha sugar plantation and increasing
incidence of contested territorial claims by different ethnic groups from outside the
region (Rettberg, 2008) are prominent examples of new barriers to migration. The
increasing pressures on the natural resource base is also a growing concern for pol-
icy makers (Pantuliano and Wekesa, 2008) who fear that land degradation might
reduce grazing capacities and impoverish already fragile living conditions of the
pastoralists.

The urgent calls for policy interventions are, therefore, to be taken seriously and
justify a thorough analysis that explains land degradation patterns in its geographical
dependence of grazing activities. Moreover, such an analysis needs to be conducted

! According to the type of trekking patterns pastoralists are called nomadic (irregular movements)
or transhumant (regular movements between fixed locations).
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Fig. 8.1 Afar state

for the entire Afar area as it is at the state level where most important decisions
concerning land use are taken.

This motivates the current study where we relate land degradation patterns to
overgrazing in a spatially explicit manner for the entire Afar Region. However, this
is not an easy task as detailed information on migration patterns, the main mecha-
nism to mitigate the effect of overgrazing, remains largely absent and mapping of
these trekking routes is still in an experimental stage (e.g. Sonneveld et al., 2009).

Certainly, a straightforward crossing between land degradation patterns and
livestock does not account for flexibility and efficiency of trekking routes that man-
age relatively sparse vegetation in dryland areas. Therefore, we mimic the impact
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of migration patterns by analysing various area accessibility scenarios, gradually
releasing cultural-administrative boundary restrictions for pastoralists from dis-
trict (woreda), sub province (zone) to state (kililoch) level.? Interestingly, where
production function analysis in sedentary agriculture aims to gain its explanatory
power by respecting data at a fine resolution, information sources for studies on
nomadic pastoral systems, necessarily have to do the opposite and aggregate their
spatial-temporal dimensions to incorporate the supply-demand interactions in full.
The degree of overgrazing is based on a grazing supply to demand ratio that we
calculate for the various aggregated administrative levels. A ratio below 1 shows a
shortage of forage availability, equal to 1 represents a balanced situation and higher
then 1 a surplus of forage. For the assessment of land degradation we use time series
analysis of the Rainfall Use Efficiency (RUE) that divides annual sum of NDVI by

2 Afar State consists of 5 administrative zones and 29 woredas. Farmer associations (326) and
neighbourhood associations (32) (kebeles) are the most decentralized administrative units.
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annual rainfall, separating rainfed driven vegetation dynamics from other factors.
The use of RUE for land degradation assessment is based on Le Houérou’s (1984)
assumption (cited by Veron et al., 2006) that limiting resource use efficiency of plant
traits, favoured by natural selection, is reflected in spatial patterns of the biophysical
environment (soils and climate).

Departures from the average RUE, thus, result from anthropogenic influences.
The RUE offers an attractive solution to the assessment of land degradation in dry-
land areas (Geerken and Ilaiwi, 2004; Prince et al., 1998) as availability of rainfall
data and remotely sensed estimates of NDVI at adequate temporal and spatial scales
ensures its applicability at various administrative levels up to the regional scale
(Reynolds and Stafford Smith, 2002). Moreover, NDVI is linearly correlated to
Above Ground Net Primary Productivity (Dent and Bai, 2008; Hall et al., 2006),
which makes it a good estimator of ecosystem functioning (McNaughton et al.,
1989) and, thus, of land degradation (UN, 1994).

This chapter is organized as follows. Section 8.2 presents the data sources and
indicates how these were processed. Section 8.3 presents the results of this study
and Section 8.4 concludes.

8.2 Data and Methodology

8.2.1 Livestock, Grazing Demand and Production

We use the pastoral livestock enumeration for the Afar Region (CSA, 2003) to
analyse the herd composition of nomadic pastoralists per woreda (Annex). To
compare grazing demand of the different species in common units, the body
weight is converted into the Tropical Livestock Unit using coefficients from FAO,
2005. Figure 8.3 shows the TLU density as number of TLU’s per hectare of the
woreda.

We calculated grazing demand based on Boudet and Riviere (1968) and Minson
and McDonald (1987) by assuming that livestock needs 2.5% of its body weight
for a sustained growth, which in turn results in a consumption of 6.25 kg of forage
dry matter daily for each TLU. Next, we used these figures together with the TLU
inventory to calculate the total grazing demand (d,,) at each woreda w.

The grazing capacity (or fodder supply) is based on forage data of the regional
PHYGROW model, Texas A&M University (Stuth et al., 2003) that was made avail-
able as 8 x 8 km grids for Eastern Africa. PHYGROW bases its calculations on:
soil parameters, plant community characteristics, and livestock management rules,
while the model is driven by satellite-based gridded weather data. Regular verifica-
tions in Ethiopia, Kenya, Tanzania, and Uganda show that PHYGROW? s simulation
output of available forage has a good correlation with observations in the field
(R*= 0.96) (Jama et al., 2002). Grazing capacity is calculated for each pixel using
PHYGROW results corrected for a utilization factor of 0.35, thus accounting for
grass composition and temporal variability of productivity (Abule et al., 2007).
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Fig. 8.3 TLU density per
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The production supply (f,) for each pixel  is expressed in TLU ha~!. The median
of this statistic derived from all pixels that belong to the woreda area (n € w)is
used to express the production supply per woreda, f,,. We use the median to remove
sensitivity of estimation from outliers. We then calculate supply to demand ratio
at woreda level as R,, = %. Analogue we calculated supply, f;, in zone z and the
corresponding demand d; as an area weighted mean of d,,. Zonal level supply to
demand ratio is similarly calculated as R, = g Finally we repeated this exercise to

get our statistic Ry = gat state level.

8.2.2 RUE

The data for the RUE analysis is based on annual rainfall and NDVI data for the
period 1980-2002. Rainfall data is obtained in grid format from Climate Research
Unit of the University of East Anglia (Mitchell and Jones, 2005) at monthly time
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scale and 0.5° spatial resolution. NDVI data is obtained from FEWS-NET data set
(Tucker et al., 2005) at 10 day time scale and 8 km spatial resolution. Rainfall and
NDVI data are resampled to a common pixel size of 8§ km, for a georeference that
covers parts of Ethiopia, Eritrea, Djibouti and Somalia (as in Fig. 8.3). Finally, the
RUE statistic is computed as a ratio of annual sum of NDVI to annual precipitation.
The slope of the trend and its t-statistic are calculated for each of the pixels.

8.3 Results

In this section we start with the forage supply—demand ratio at the different spa-
tial levels, followed by the RUE analysis; we end with a discussion on the spatial
patterns of land degradation and overgrazing.

Figure 8.4a, b show the forage supply grazing demand ratio by woreda and zone,
respectively. The analysis per woreda shows that deficits mainly occur in the western
part near the escarpments of the Ethiopian Highlands, where also the highest TLU
densities are reported. Surpluses are shown in the central and eastern woredas near
the border with Eritrea and Djibouti. Concerning the supply to demand ratio for
zones, it is interesting to note that deficits in the woredas that belong to Zone 1 and
2 are compensated by surpluses in the east and central Afar. Zones 4-5 do not have

Fig. 8.4 Supply demand ratio for forage by (a) woreda (b) zone
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many surplus areas and forage demand remains larger than its availability. For the
entire Afar State we observe a supply to demand ratio of 0.95, indicating that current
forage demand exceeds forage availability by a small amount at state level.

We now turn to the land degradation assessment. Figure 8.5 shows the slope of
the RUE analysis, whereas Fig. 8.6 presents its t-statistic. In general, we observe a
declining trend of the RUE in the north-eastern corner near the border with Eritrea,
gradually becoming less pronounced towards the south-west direction and turn-
ing into positive values in the southern cone of Afar State. Exceptions of positive
trends are found in pockets along the Awash River and in the North near the escarp-
ments with the Highlands. Figure 8.6 shows the significance of the slope estimate,
which is low to very low for most of the Afar; i.e. in most cases the trend does not
significantly deviate from zero. Alarming is the situation in the Northern part of the
Afar state where declining RUE trends are significant to very significant.

RUE slope per 100 B1
of trend line
annual time series

no data

e -0.382 - -0.047
-0.047 - -0.010

-0.010 - 0.000

messss  0.000 - 0.092

Fig. 8.5 Slope of RUE
trend
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Fig. 8.6 Student’s t-statistics ~RUE t_statistics
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These negative RUE values in north Afar are explained by Tesfay (2004) who
reported that in this area cultivation by Tigray nobility encroached onto prime
grazing lands pushing the pastoralists to less potential lands with overgrazing as
a consequence. Furthermore, the hazard of overgrazing in North Afar seems to be
especially pronounced in times of drought when grazing areas are seriously lim-
ited. Yet we found in the same area with negative RUE trends that supply demand
ratios are still positive, even at the woreda level. This would confirm that studies on
nomadic pastoralism couldn’t be confined to localized sites, as we have to account
for migration patterns that cover extended areas.

We can conclude that at woreda level the land degradation trend does not corre-
spond to the spatial patterns of overgrazing. This confirms that detailed information
on trekking patterns is required in order to analyse the spatial incidence of over-
grazing and land degradation. As part of such a database, information is required on
conflict areas (that are now often avoided), as well as transboundary migration (for
e.g. many Afar people live in Eritrea and might also visit the Afar state).



106 B.G.]J.S. Sonneveld et al.
8.4 Conclusion

We found that most of Afar State shows stable RUE trends, which confirms that,
at state level, with a supply-demand ratio near one, forage production more or less
meets grazing demand. In the Northern part we found a significant degradation,
most likely caused by the encroachment of cultivated areas into prime rangelands,
which might have resulted in extended fallow periods without vegetative coverage.
Despite the fact that local forage supply still exceeded the local grazing demand,
but the visits of other clans could alter this balance and cause the incidence of land
degradation.

The results may support the argument that if mobility of pastoralists continues
unhampered, it results in sustainable land management, whereas restricted accessi-
bility leads to overgrazing and land degradation. As such the results of this study
contain an important message for the Afar authorities concerning new land devel-
opments like the Tenaha dam, expansion of sedentary cultivation along the Awash
River and the potential to cultivate biofuel plantation, which could seriously inter-
fere with traditional migration patterns. Clearly, such developments might also be
beneficial for the Afar State and authorities should, therefore, aim to minimize the
tensions between these initiatives and the pastoralist communities.

For example, authorities could guarantee safe passages through large-scale plan-
tations to allow pastoralists unrestricted access to rangelands. Furthermore, research
is urgently needed that supports the drought coping strategies of the pastoralists such
as the design of the best spatial configuration of a system of groundwater pumps and
forage storage points. When such “enclaves” are well regulated they could help pas-
toralists through dire periods and avoid overgrazing and land degradation of the few
areas that are not yet affected by drought. However, to support these policy interven-
tions research should avail of a consolidated data base that has detailed information
on trekking routes, biophysical resources, land uses, market prices, conflict zones,
household/pastoralist surveys, and narratives on coping strategies in appropriate
spatial and temporal dimensions. The collection and organization of these data at
the appropriate level and its organization in a dynamic modelling environment is
one of the main scientific challenges in the coming years.
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Chapter 9

Effects and Implications of Enclosures
for Rehabilitating Degraded Semi-arid
Rangelands: Critical Lessons from Lake
Baringo Basin, Kenya

Stephen M. Mureithi, Ann Verdoodt, and Eric Van Ranst

Abstract The establishment of enclosures, denoting areas closed off from graz-
ing for a specific period, is a well-known management strategy for restoring
degraded semi-arid rangeland ecosystems. Range enclosure has profound ecolog-
ical (biophysical) effects and a number of socio-economic implications that vary
significantly, depending on local conditions. Understanding the consequences of
the rising trend of rangeland enclosure is thus imperative for sustainable planning
and management of these fragile ecosystems. Indeed, what administrators require is
not a general policy for or against enclosure, but rather some understanding of the
various effects of enclosure under different circumstances. Ultimately, researchers
may be able to present policy-makers with a typology of different kinds of enclo-
sure movements, and with a systematic discussion of the probable outcome of each
kind of movement. Therefore, the spontaneous enclosure of the range by livestock
owners may raise new problems, but may also permit new approaches to the devel-
opment of the livestock industry in the arid and semi-arid areas in Africa. This
paper seeks to highlight the effects and implications of using enclosures for rehabil-
itating degraded semi-arid rangelands and draw practical lessons to help us achieve
increased restoration capability in the future.

Keywords Semi-arid rangelands - Land degradation - Rehabilitation - Enclosures -
Baringo - Kenya

9.1 Introduction

Rangelands outside the protected areas — national parks, game reserves and private
ranches and conservancies in Sub-Saharan Africa are under serious threat from land
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degradation to a level where restoration may not be feasible. Most arid and semi-arid
rangelands in Kenya for example have become degraded “wastelands” no longer
able to support their diverse cultures, plants, and wildlife (UNEP/GoK, 1997).
Severe rangeland degradation upsets the dynamics of these fragile ecosystems,
affecting the energy flows, biogeochemical cycles, hydrological cycles, increased
aridity (Dregne, 1992), and possibly all resulting into a downward spiral of ecosys-
tem structure and function decline (King and Hobbs, 2006). The regenerative
capacity is often compromised leading to loss of biodiversity. The ultimate effect of
the foregoing is a livelihood crisis for the pastoral communities dependent on these
ecosystems. The persistent menace of recurrent droughts, floods, and disease out-
breaks leading to large losses of livestock and dryland crop failure are commonplace
(UNEP, 2000). Food insecurity is a growing problem, and increasing poverty poses
a major threat not only to the livelihoods of the pastoral communities that depend on
these rangelands, but also to biodiversity. In these areas, rehabilitation and restora-
tion of heavily degraded rangelands is often obligatory for pastoralist land use to be
sustainable, even though implementing restoration projects in communally utilized
rangelands is a complex endeavour (de Groot et al., 1992).

Rehabilitation and restoration of degraded drylands is a subject that at present
times receives attention in many parts of the world especially in Sub-Saharan
Africa. Increasing evidence exists to show that there has been a great deal of com-
munity based organisations, non-governmental organisations, local governmental
and international efforts aimed at rehabilitating degraded rangelands using various
approaches (GoK, 1997; UNEP/GEF, 2002; RAE, 2003). Yet, there exist very few
cases of successful rehabilitation initiatives in the arid and semi-arid rangelands
particularly in Eastern Africa (Makokha et al., 1999; RAE, 2003; Mengistu et al.,
2005). One outstanding example is in Lake Baringo Basin, where significant areas
of severely degraded semi-arid land have been successfully restored to productive
grassland using enclosures. Starting with a number of communal enclosures that
served as community demonstrations, private enclosures today form a mosaic in the
entire Lake Basin.

This paper reviews the effects and implications of a growing trend of rehabilitat-
ing degraded semi-arid rangelands using enclosures. Critical lessons can be learnt
from the on-going enclosure movement in the semi-arid rangelands of Lake Baringo
Basin.

9.2 Rehabilitation of Degraded Semi-arid Rangelands

In the wake of increased land degradation in the past few decades particularly in
arid and semi-arid rangelands, it has become increasingly necessary trying all avail-
able approaches and strategies to restore these ecosystems (Biamah, 1988; RAE,
2003). According to the UNCCD (1994), combating desertification includes activi-
ties, which are part of integrated development in arid, semi arid and dry sub-humid
areas aimed at prevention and reduction of land degradation; rehabilitation of partly
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degraded land and reclamation of desertified land. Heady (1999) observed that
rangeland rehabilitation or improvement implies implementing change to attain a
particular economic value.

Degraded lands severely impacted by intensive and repeated disturbance may
still provide a wide range of products (e.g. fuelwood, poles, cattle, sheep and goat
grazing, herbal medicine) and valuable ecosystem services for the local community
as cash income sources (Meyerhoff, 1991). Therefore, caution needs to be exercised
in the identification of degraded land, its importance to local communities and the
need for new methods of rehabilitation and management. Rehabilitation, if needed,
should also seek to identify and enhance the ecological and socio-economic value
of such lands to local communities and not deprive them of existing or foreseen
benefits.

In other words, before embarking on a major rehabilitation programme, the
objectives and implications should be carefully examined (Miller and Hobbs, 2007).
According to Harris et al. (1996) and de Groot et al. (1992), the objectives may
include enhancing pasture availability for the pastoralists, preventing further soil
erosion hence saving the open water bodies from accelerated siltation, restoring
scenic quality, or restoring a natural ecosystem. Milton et al. (1994) stressed the
need to recognize and treat degradation at early stages, because management inputs
and costs increase for every additional step in the degradation process. The choice
of the approach and method also plays an important role. Mututho (1986) showed
that because of high capital involvement in for example structural measures for
range rehabilitation and low economic returns in grazing lands, most of them have
produced only very little success.

9.2.1 Rangeland Rehabilitation in Kenya

Rehabilitation of degraded rangeland in Kenya dates back to as early as 1919 when
the then District Commissioner of Machakos (quoted by Pereira and Beckeley,
1952) wanted to revegetate degraded grazing land through closure of the land for
a couple of years. The method did not achieve its objectives. Other equally expen-
sive measures have been tried in Machakos, Kitui, Baringo, Marsabit, and Turkana
Arid and Semi-arid Lands (ASAL) districts (Pereira and Beckeley, 1952; Jordan,
1957; Pratt, 1964; Bogdan and Pratt, 1967; Lusigi, 1981; Smith and Critchley, 1983;
Muhia, 1986). Measures used in these areas to restore productivity of degraded
areas were: reseeding (seedbed prepared using hand-held tools, ox-plough or tractor-
drawn cultivators); rotational grazing within paddocks; mass revegetation of the
area using locally adapted grasses and using watering points to distribute grazing
pressure thus giving degraded areas time for natural revegetation.

Other physical measures included installation of terraces and runoff harvesting
structures, which, despite their apparent effectiveness, are potentially dangerous to
the livestock under rangeland conditions. Almost all of these rehabilitation methods
involved setting aside the degraded area in some form of closure, carrying out some
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restoration measures and allowing time for regeneration. However, many of these
methods tended to place more emphasis on the physical and technical intervention
than socioeconomic and cultural ones, leading to failure due to lack of embracing
the needs and priorities of the pastoral communities.

In addition, the efforts and emphasis of combating land degradation in Kenya
have in the past dominantly focussed on soil conservation measures for agricultural
areas, aiming to curb the problem of soil loss and declining productivity of food
crops. In the rangelands on the other hand, rehabilitation has targeted restoring the
carrying capacity for livestock and wildlife species, by increasing revegetation and
cover in overgrazed areas, and by preventing soil erosion (Harris et al., 1996; Pratt,
1964).

Such measures have to be designed in line with the changing nature of the soil
component. Some of the common soils in semi-arid areas are particularly vulnera-
ble to disturbances (Hudson, 1987), either because they have high susceptibility to
erosion (high erodibility) or because of their chemical and physical properties. The
sealing properties of Fluvisols in the semi-arid plains for example results in reduced
infiltration rates and soil loss thereby rendering grazing lands bare, eroded and with
soil crusts that inhibit seed emergence in the following wet season. Other soils
(Vertisols) within the Njemps Flats area in Lake Baringo basin for instance have
been described as unstable due to relatively high smectite clay content (Biamabh,
1988). Hence, physical conservation measures are not effective in controlling ero-
sion. Instead, a blend of both physical and biological conservation measures (i.e.
making water harvesting micro-catchments and planting protective cover) would be
the best options of conserving the soil and minimising erosion under the prevailing
conditions.

Therefore, activities aimed at proper management and utilisation of rangelands
needs to adopt a holistic and multidisciplinary approach (Harris et al., 1996), to
restore the integrity of these fragile ecosystems. Any intervention however, has to
reflect the needs of the local people (de Groot et al., 1992; Makokha et al., 1999;
Meyerhoff, 1991), Gachimbi (1990). The most urgent need in the degraded arid and
semi-arid lands is an effective, low-cost, and reliable system or measure of soil and
water conservation, which will reduce soil erosion and soil sealing. The expected
result is improved infiltration, which will allow revegetation under the prevailing
soils and climate conditions. Consequently, for the range to recover from a degraded
state, rehabilitation measures such as water-harvesting embankments, reseeding and
tree planting amongst others become as necessary as the protection from further
irrational exploitation. Many protection measures tend to take the form of temporary
enclosure of the range to keep off ungulates.

9.3 Enclosures Approach for Rangeland Rehabilitation

The enclosure approach for rehabilitating degraded grazing lands involves closing
off some part of the degraded open range from grazing for a given period usually not
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less than 3 years, to allow regeneration of vegetation (Behnke, 1986). This concept
of the range enclosure that implies setting apart an area from grazing and wood har-
vesting, is not new. The traditional pastoralists used to set aside dry season grazing
areas and kept livestock off such designated common pool resource areas, which
were not fenced. Nevertheless, the breakdown of the traditional community lead-
ership structures and governance, the influx of people with a different way of life
from the neighbouring high potential areas has led to a collapse of the pastoral set
aside policy in the rangelands. Thus setting aside areas for annual deferred grazing
has become increasingly difficult, and in some cases, is no longer possible (Dietz,
1987). The result, akin to the case of Lake Baringo Basin, is many people with
small herds, which graze everywhere whereas in the past, there were fewer people
with large herds who grazed certain areas and left others ungrazed as dry season
reserves (Meyerhoff, 1991).

These factors combined create a grazing free-for-all in the rangelands tending to
the tragedy of commons scenario (Hardin, 1968; Anderson, 1980; Bonfiglioli, 1992).
This led to overgrazing and degradation resulting to an ecosystem that can hardly
maintain its stability, function, and structure. Moreover, the ensuing competition
between livestock keepers for control of a diminishing range resource is fuelling
the drive of range enclosure, as the pastoralists attempt to do something about their
declining resource base.

In the Lake Baringo Basin, the severity of rangeland degradation has made the
life of the pastoralists very harsh. Overstocking in the open range has undermined
the economic welfare of local livestock keepers who face high levels of stock loss
amidst other problems at the end of the dry season, especially if it is protracted.
Their response has been to enclose a portion of their rangelands for their exclusive
use, while emulating the communal rehabilitation enclosures set up by a commu-
nity based Rehabilitation of Arid Environments (RAE) Trust after realizing that
degraded land can be restored successively (RAE, 2003; 2004). Therefore, behind
the fencing of the range to combat land degradation, lies the struggle to address the
basic need of food security. With land rehabilitation, each farmer can provide for his
own household and livestock, and successful enclosures mean that pastoral house-
holds could do without food aid (Makokha et al., 1999), thus giving them dignity
and independence.

Prior to vegetation establishment, the fences play an important role of protect-
ing the vulnerable tree and grass seedlings and regenerating remnants of existing
vegetation (see Fig. 9.1). Harris et al. (1996) and Sands et al. (1970) suggested that
well-adapted and hardy species should be selected as pioneer vegetation for reseed-
ing during rehabilitation programmes. Biamah (1986) supported range reseeding for
quick establishment of perennial grass species in the Lake Baringo Basin. Earlier
reseeding experiments by Pratt showed Cenchrus ciliaris and Eragrostis superba as
examples of the main grass species suited to semi-arid conditions in Baringo (Pratt,
1964).

Besides Baringo, enclosures have been used elsewhere for varying specific objec-
tives. Examples include range restoration in Chepareria Division of West Pokot
District in western Kenya where Vi-Agroforestry Project has been working with
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Fig. 9.1 Enclosures establishment starts with fencing (Electric, Live Cacti, or Cut thorn-bush).
Photo by SM Mureithi, 2005

the agro-pastoral community to establish enclosures in their fields (Makokha et al.,
1999; Kitalyi et al., 2002). Other measures include revegetation of degraded dry-
land forest areas in Ethiopia (Mekuria et al., 2007; Cleemput et al., 2004; Mengistu
et al., 2005), and in north-west Tanzania, where using indigenous knowledge, the
local people are practising a natural resource management system called Ngitili — a
Sukuma word meaning enclosure.

These enclosures help in conservation of grazing and fodder lands by encour-
aging vegetation regeneration and tree planting (HASHI, 2002). In South Darfur
in Sudan (before the current crisis in the region), enclosure were established
primarily to produce and sell fodder in the more profitable commercial fod-
der markets at Nyala, rather than to provide feed for local livestock (Behnke,
1985; 1986). According to (Behnke, 1985), Nyala as a railway-end town, con-
tained numerous milk cows kept for household milk supplies, horses and donkeys
used for the haulage of domestic water or commercial goods from the rail-
head, and a variable number of animals being held for marketing or shipment to
Khartoum.

Enclosing is also famous as a basic measure for revegetation and stabilisation
of wandering sand dunes and desertified lands. This has been done in both desert
and semi-desert areas of China (IPALAC, 2006; Zhang et al., 2005), and in India
amongst other countries. Sinha et al. (2006) reported that Thar Desert in India shows
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tremendous resilience for regeneration when it is protected by fenced enclosures for
a certain period. In these cases, enclosing sandy areas helped the recovery of natural
vegetation, hence stabilizing the sandy soil material.

Rangeland ecosystems are complex in ecological and socioeconomic dynamics.
Enclosing one part of the range gives rise to more complexity, since the enclosed
and unenclosed areas are parts of a unified whole.

9.4 Enclosure Movement in Lake Baringo Basin

In 1982, a community-based project was started in Baringo District in the mid-west
of Kenya under the auspices of the Rehabilitation of Arid Environments (RAE)
Trust (formally Baringo Fuel and Fodder Project-BFPP). It aimed to rehabilitate
severely degraded areas around Lake Baringo and on the surrounding hills, which
were subject to heavy grazing pressure (Meyerhoff, 1991; de Groot et al., 1992).
The intention was to work with agropastoralist communities to achieve sustainable
land management systems in arid and semi-arid areas. Rehabilitation commenced
by enclosing areas of various sizes from 6 to 400 ha, preparing seedbed and water
harvesting structures followed by reseeding with indigenous grass species alongside
planting a variety of indigenous and exotic tree species.

Since 1982, a spontaneous rangeland enclosure trend has gained momentum in
the Lake Baringo Basin, following successful rehabilitation of more than 1,430 ha
of severely degraded land using reseeded communal enclosures (RAE, 2004). The
Lake Basin pastoral inhabitants request cost shared-assistance from RAE Trust to
rehabilitate their denuded land, which is still communally owned. Presently, more
than 250 ha of “private” land has been rehabilitated in Baringo and the neighbouring
Laikipia Districts. Furthermore, the RAE Trust by year 2006 received additional
requests for assistance to reclaim more than 30,000 ha of communal degraded land
(RAE, 2004). Successfully rehabilitated total area may seem insignificant compared
to the spatial vastness of the degraded rangeland in Baringo and the rest of the arid
and semi-arid districts in Kenya. However the positive impact of the enclosures to
the agropastoralists’ households and the environment is evident.

Presently, the Lake Baringo Basin is dotted by individual farmer’s (“private”)
enclosures (Fig. 9.2), as locals try to emulate the communal enclosures and
after realising that degradation can be combated successfully, hence giving them
an opportunity to address their livelihood problems. Community leaders from
other areas, including neighbouring Laikipia, Turkana, and Samburu districts have
also requested the RAE Trust to expand its operations into their areas (RAE,
2004).

During our research in Baringo, many herd owners were using cut-thorn bushes
(Acacia sp. and Prosopis sp.) and planting thorn cactus (Opuntia ficus-indica) to
enclose their land. This trend is giving rise to two major categories of enclosures
in terms of management and ownership. First category is the reseeded, commu-
nally owned, and — managed enclosures, while the second is the individual farmers’



118 S.M. Mureithi et al.

100 %Owo
/?r_?‘.;\. REHABILITATION OF ARID ENVIROIMENTS
RAE"""‘" Cormunal and Private Fields, Damsz, and Administrative
ke Sub-locationz: 1982-2004 - YR
[IPriwvates Fisldz 15%4 -
o] @ OPrivate Fislds 2004
™ EG Chamz
iy ® Kanonn Bceamunal Fields
®tiain Powd

© ¥n < ¥
—_—

cuiimats Zcals
Private Fisldz and Damz
Appronimats Falati-ve Pozitionz

[5] 8 2
5] E’E}:B @ 8
s 8 EE
=]
© - a®
() Vipardso =
]
a
a8

Fig. 9.2 RAE Trust-Working Field Map (not to scale) as at 2005, showing the communal (orange
blocks) and private enclosures (tiny green squares) (for colors, see online version)
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reseeded and privately managed enclosures. A third category comprises of naturally
regenerated enclosures but their success rate has been low in the Lake Basin. A pri-
vate enclosure is a piece of land fenced off by an individual household and planted
with trees and grass or allowed to regenerate naturally (passive rehabilitation).

When an individual household head decides to enclose an area near their boma —
(a Kiswahili word for cattle corrals found inside the cut-thorn bush fence enclosing a
single pastoral household temporary settlement), one has to obtain consent from the
community elders. Once the consent is granted and the household puts up a fence,
other people in the community respect that household’s negotiated rights for that
specific area, as well as the adjacent area, and henceforth recognise that the land
belongs to them (RAE, 1998). The result is an increasing trend towards respect for
individual land tenure. Private enclosures owners do not have formal ownership of
the fenced land as it is still owed communally.

Even though rehabilitated land flourishes with a diversity of woody and herba-
ceous species long lost in other un-rehabilitated areas, this trend seemingly welcome
by the local communities raises major questions on the future of pastoralism and
livestock husbandry in East African rangelands. Benhke (1986) identified major
concerns on rangeland enclosure deserving attention. These include questions of
technical efficiency and productivity; problems of range ecosystems conservation;
and the related issues of economic equity and economic growth.

Behnke (1986) noted that “if the fencing of rangeland by livestock owners is
likely to become more common, then administrators, rangeland scientists and pol-
icy makers will need to have some idea of the benefits and costs arising out of
the shift from open-range to fenced forms of animal husbandry”. The main drivers
for this shift in Lake Baringo Basin for example, is the ardent need for rehabilitat-
ing severely degraded land, to attain pasture security for livestock, and hence food
security for the local pastoralist communities during the dry seasons and drought. In
addition, this would reduce soil erosion, reclaim gullies, and significantly limit the
amount of topsoil and sediments being deposited into Lake Baringo (RAE, 2003,
2004). As early as 1974 the Government of Kenya (GoK, 1974) described this area
estimated to be 2,115 km?, as an “ecological emergency area”.

9.5 Effects of Range Enclosures

Rangeland enclosure has profound ecological (biophysical) effects and a number
of socio-economic implications that vary significantly, depending on local condi-
tions. Understanding the consequences of the rising trend of rangeland enclosure
has been shown to be imperative. Benhke (1986) and Graham (1988) argued that
what administrators require is not a general policy for or against enclosure, but
rather some understanding of the various effects of enclosure under different cir-
cumstances. Ultimately, researchers may be able to present policy-makers with a
typology of different kinds of enclosure movements, and with a systematic discus-
sion of the probable outcome of each kind of movement. Therefore, the spontaneous
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enclosure of the range by livestock owners may raise new problems, but may also
permit new approaches to the development of the African livestock industry.

9.5.1 Ecological Effects of Enclosures

One consequence of the range enclosure is the notable difference inside and out-
side the fence after vegetation regeneration (Fig. 9.3). An enclosure in a severely
denuded area tends to become an ecological island, and may thrive in desirable
herbaceous and woody plants and overall biodiversity above- and belowground,
from microbial to higher trophic levels (Verdoodt et al., 2009; RAE, 2004; Stelfox,
1986). This, however, depends on a number of factors. Biamah (1988) and Makokha
et al. (1999) singled out the severity of the degradation and range condition before
intervention, time allowed for restoration, and the enclosure size and management
after range restoration as important factors influencing the success of the rehabilita-
tion. Biamah (1988) further argued that the semi-arid rangeland areas typically are
resilient and capable of regeneration even though the process of regeneration can be
delayed by natural forces (1-year and multiyear droughts) or by the interference of
human activities like grazing, time of grazing introduction, and stock densities.

The extent of degradation is an important factor determining whether the range
will recover at all. The removal of vegetation cover from an ecosystem results in
a compounding effect of degradation with the soil being the worst hit component.
With absence of vegetation (Fig. 9.4), the soil is deprived of organic matter, which
is the key to soil fertility and productivity especially in drylands (FAO, 2004), and
is highly exposed to the agents of erosion.

Once the vegetation cover is restored, it improves the soil structure (Bronick and
Lal, 2005), soil water balance (Hongo et al., 1995) chemical soil fertility (Jaiyeoba,
1995; Descheemaceker et al., 2006a; Mekuria et al., 2007), and restores the soil

Fig. 9.3 Inside—outside
contrast in a communal
enclosure. Hard setting is
visible in the foreground-
exposed soils. Photo by SM
Mureithi, 2005
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Fig. 9.4 (Left): Severely degraded rangeland in Njemps Flats being prepared for rehabilitation
(Right): same field converted into productive pasture using enclosure approach. Source: RAE
(2003)

biodiversity and ecosystem services (Su et al., 2005) through reduced soil erosion
(Descheemaeker et al., 2006b). This clearly illustrates the linkages and feedback
loops occurring between biotic and abiotic components of the rangeland ecosystem,
capable of enforcing or reversing land degradation (Perrow and Davy, 2002a, b;
King and Hobbs, 2006; Monger and Bestelmeyer, 2006).

Nevertheless, it is still questionable whether an eroded range can go back to is
potential, as the probability of reversing grazing-induced change in the rangeland
is inversely related to the amount of disturbance involved in the transition (SRM,
1995). O’Connor (1991) and Westoby et al. (1989) argues that severely degraded
rangelands may never return to their original state, even when rested for decades.

9.5.2 Effects of Enclosures on Vegetation

Establishment of vegetation inside the enclosures is a relatively a slow process,
which is dependent on the reliability of rainfall and the effectiveness of the seedbed
and rainwater harvesting structures in place (Pratt, 1964). After initial reseeding and
tree planting, only the well-adapted and hardy species thrive. Once established, such
vegetation can support accumulation and recycling of nutrients by providing organic
matter through litter fall and dead roots, improve soil structure and availability of
nitrogen (when legumes and annual grasses are present).

Vegetation inside the enclosures established in a completely bare degraded area
tends to follow the shrub-herbaceous plant theory of Gilad et al. (2004), where estab-
lishment of one form of plant life synergises that of another. In Baringo (RAE,
2004; 2005) and the neighbouring district of West Pokot (Makokha et al., 1999),
some locally threatened species that had “disappeared” are reported to be present
inside established enclosures. Range enclosure is thus providing a community-
friendly way of restoring dryland biodiversity. Improved infiltration capacity inside
the enclosures enhances the moisture available for the established plants (Ekaya
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and Kinyamario, 2003; Hongo et al., 1995), thereby increasing cover, and standing
biomass (Cleemput et al., 2004; Makokha et al., 1999).

Higher herbaceous and woody species composition has been observed inside
communal enclosures established in a degraded rangeland (Makokha et al., 1999;
Cleemput et al., 2004; Mengistu et al., 2005; Verdoodt et al., 2009), compared to
the outside. This was attributed to deliberate human influence such as the choice
of herbaceous and woody species used for the rehabilitation. The enclosures have
higher forage and browse value, which represents the high percentage of the vegeta-
tion palatable to the livestock (Milton et al., 1997). The high proportion of seedlings
reported in the enclosures in Ethiopia by Mengistu et al. (2005), is an indicator
of recruitment of the plants through germination, and implies the existence of a
good potential for the restoration of woody communities. In contrast, the bulk of the
species outside the enclosures is composed of a variety of invasive (usually noxious)
species, most which are as disturbance and land degradation indicators.

9.5.3 Effects of Enclosures on the Soil

Vegetation in the rangelands has significant influence on the soil, which on the other
hand, influences the kind of vegetation present, as influenced by the climatic factors
and herbivory and human influence (McClanahan and Young, 1996). Protection of
reseeded range is necessary to allow the initial increase of vegetation cover, which
in turn plays crucial role in covering the soil. Biamah (1986, 1988) reported that
increasing ground cover in Njemps Flats prevented soil sealing through raindrop
interception and splash erosion. This sequentially encouraged infiltration thus reduc-
ing high runoff rates and soil erosion. Vegetation breaks up the falling raindrops
so that they reach the soil surface as small droplets hence reducing their impact.
Furthermore, trees utilize deep water table water, improve soil physical condition,
and reduce the ground level wind speed and thus its erosive potential (Dregne,
1992).

In addition to protecting the soil from erosion agents, the tree canopy-herbaceous
layer interaction improves soil fertility through addition of nitrogen and organic
matter. In addition, the vegetation supplies plant litter, which decomposes to supply
the soils organic carbon pools (Kellman, 1979). Dregne (1992) asserted that shrubs
play an important role in maintaining a pool of soil nutrients in desert ecosystems by
creating islands of fertility beneath their canopies through accumulation of organic
matter.

In natural grasslands, Heady (1956) observed that any dead material above the
soil surface is referred to as litter, mulch, or plant residues. Litter increases soil
moisture through its effect on infiltration, evaporation, and runoff. It tends to sta-
bilise soil moisture and temperatures, thus improving conditions for germination
(Ekaya and Kinyamario, 2001). Part of the litter may be buried in the soil through
animal activities, e.g. hoof activity through trampling or arthropod activity leading
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to development of good soil structure. Therefore, if not burned, litter can con-
tribute significantly to the build-up of organic matter in the rangelands (Isichei and
Sandford, 1980). Organic matter has many beneficial effects on the soil’s physical,
chemical, and microbiological properties. Examples include increasing water hold-
ing capacity, and cation exchange capacity, lowering the bulk density of the soil and
increasing the microbial activity amongst others (Dumanski and Pieri, 2000). Litter
also plays a crucial role in nutrient cycling in these ecosystems.

9.5.4 Effects Outside the Enclosures

Overuse of forage plants by the free ranging herbivores leads in the open grazing
areas, to a shift of assemblages dominated by toxic and spinescent woody plants and
numerous species of invading forbs (O’Connor, 1991). This change in composition
may come about because unpalatable plant species that are usually ignored herbi-
vores tend to thrive, out competing those preferentially selected (Milton et al., 1994).
According to (Mureithi, 2006), this shift led to a highly patchy and heterogeneous
rangescape, having range condition deteriorating from within, and consequently,
resulted in an overall declining range trend. Eventual concentration of both wild
and domestic herbivores not allowed utilizing the enclosures, in addition to human
traffic, tend to compound the soil and land degradation problem on the other
side of the fence. Given the fragility, stochasticity and ecological limitations of
these non-equilibrium ecosystems, such a trend may eventually be ecologically
disastrous.

Local people are well aware of the impact of their activities on the open range
and of the negative implications of these activities. There are two sets of reasons
why they continue to carry them out. First, there is usually no alternative means
of making an income, and second, the open range is to all intents and purposes an
uncontrolled resource since the breakdown of traditional structures of governance
by pastoralist’s elders. The state owns the majority of rangeland, but apart from the
heavily protected areas such as nature reserves, most is de facto open access. With
no rules for usage, or no enforcement of rules, each individual makes the most of his
or her opportunity, because if not, someone else will — the tragedy of the commons
(Hardin, 1968), or as it may more correctly be described, the tragedy of the open
access resources ensues unabated.

9.5.5 Socio-Economic Implications of the Enclosures

A successfully regenerated enclosure becomes key resource area for the respective
household or community in a harsh environment. The social and economic con-
sequences of the range enclosure are varied, depending on the accessibility of the
enclosure benefits to the pastoral households, and the environmental goods and ser-
vices tapped either directly or indirectly by the society. The households that have
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access to the communal enclosures on one hand are enjoying improved livelihoods
as a result of income generating activities that have enabled them to profit from the
reclaimed land (Makokha et al., 1999; Kitalyi et al., 2002; RAE, 2004).

Examples of income generation from rehabilitated communal fields in Baringo
enclosures include, amongst others, sale of various commodities from the enclo-
sures (fattened livestock, cut grass for thatch, fodder or hay, grass seed), renting dry
season grazing, and poles for fuelwood or other domestic uses. Bee-keeping using
the Lungstroth hives has also been introduced and is picking up well. The individ-
ual enclosure owners can tap the same benefits depending on the enclosure time,
treatment (whether reseeded or naturally regenerated) and the management.

On the other hand, there are households that neither have access to communal
nor own private enclosures. The herd owners in this cluster are forced to graze their
livestock in the open range, where the competition of scarce pasture resources is
very high (Nyang, 1988). Benhke (1986 asserted that range enclosure will in the
short term, exacerbate the problem of overstocking on the open range by withdraw-
ing parts of the range from communal use, and by forcing more livestock into the
remaining area. The pressure for further enclosure will therefore increase as indi-
viduals watch the commonage shrink and attempt to grab their piece of it before it
is too late. In this way enclosure movements build within themselves pressures for
their own expansion.

However, this scenario creates the haves and the haves-not situation in the range,
and may eventually become a recipe for conflicts in these communally owned range-
lands (Mureithi, 2006). Unless the policy is enacted to guide this changing land
use and land ownership (addressing land tenure, access and land rights) in the
rangelands, the likelihood of instability occurring remains imminent.

9.6 Policy Implications

Land ownership and access to resource, especially grazing land and water is indeed
a very delicate issue in the African pastoral systems. For this reason, Makokha
et al. (1999) suggested a very key point that, those households without enclosures
should not be viewed as non-adopters, as most farmers have logical reasons for not
establishing enclosures. The intervention programme should develop a set of inter-
ventions that could also assist these pastoralists to improve their livelihoods; they
do not necessarily have to establish enclosures. Interventions on improved breeds,
milk and stock marketing, nutrition education may be applicable to them as well
as to those farmers with enclosures (Makokha et al., 1999). Speeding up the land
adjudication process may also help some of these pastoralists, as individual owners
are more likely to place their land under enclosure management, hence minimizing
further land degradation, as well as breaking their poverty cycle (Meyerhoff, 2005
— personal communication to the first author).

The increasing trend of rangeland enclosure poses concerns on the long-term
planning and policy implications of this process. It has been argued that range



9 Critical Lessons from Lake Baringo Basin, Kenya 125

enclosure is producing a new and distinctly African system of range livestock
management, in which animals alternate between both enclosed pastures and the
open range (Benhke, 1986). In these cases it would be unrealistic to base devel-
opment plans on the assumption that we are still dealing with traditional, fully or
semi-nomadic pastoralists.

On the other hand, it would be equally unrealistic for administrators to press for
the complete sedentarisation of pastoralists in the range, or immediate development
of self-contained, fenced ranches, on the model of the standard group or individual
ranch schemes common in Africa in the 1960s and 1970s. A more reasonable objec-
tive would be to devise suitable policy responses to the hybrid form of enclosed and
open-range animal management, which is now developing, and to sponsor technical
research, which will address the characteristic problems of this form of production
(Benhke, 1986; Nyang, 1988).

9.7 Future Trends

Successful rehabilitation of severely degraded semi-arid rangelands in Lake Baringo
Basin using communal enclosures has led to an upsurge of private enclosures on
communal land. This trend is likely to be adopted in other semi-arid rangelands in
Sub-Saharan Africa. Communal and individual farmer’s enclosures form a mosaic in
the severely degraded semi-arid rangelands of Lake Baringo Basin. Recent research
shows rangeland enclosure has significantly improved the range condition of the
enclosed areas, whereas degradation ensues in the open grazing areas (Verdoodt
et al., 2009).

Enclosures with higher biomass production will support higher grazing capac-
ity with good management, implying that less hectarage is required for 1 TLU in
the enclosures, than that recommended in the open grazing rangeland. This trans-
lates into more economic gain to the enclosure owners, since livestock keeping
is their main source of livelihood. A great task facing the RAE Trust today is to
carry out stepwise community mobilisation and education to enable the resource
users embrace the changes in natural resource management. Hopefully, this will
enable them to adapt to the unfolding reality of managing the once open communal
rangelands within a fence.

The sustainability of any positive rehabilitation work however, lies in a proper
and extensive land policy and tenure reform in addressing the needs of pastoral
communities. The communal use of resources has to great extent fuelled land degra-
dation in the Lake Baringo Basin. Most people in this area indicated that they would
care more for the land if they owned it, contrasting the present scenario where they
own it communally and the free access of the common persist (Mureithi, 2006).
The success of the rehabilitation may eventually lie in land adjudication and educa-
tion to enable people to manage resources in a changing system, thus empowering
them to meet themselves their fundamental needs (food, water and forage). The pol-
icy makers therefore, should look beyond indicators of land degradation, and quick
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fix technical solutions, to indicators of food insecurity that simultaneously degrade
human health and nutrition and seek their possible long-term solution.
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Chapter 10

Assessment of Land Desertification Based

on the MEDALUS Approach and Elaboration
of an Action Plan: The Case Study of the Souss
River Basin, Morocco

R. Bouabid, M. Rouchdi, M. Badraoui, A. Diab, and S. Louafi

Abstract Following the definition of the UNCCD, desertification affects a major
part of Morocco. A large extent assessment is usually difficult due to the lack of
appropriate methods. The MEDALUS approach is one of the available approaches
developed initially for the Mediterranean Europe for desertification sensitivity
assessment based on four main indicators (soil, climate, vegetation and manage-
ment) that are obtained from various parameters. This approach has been applied
(with slight modifications) to the Souss river basin in west central Morocco as a
case study to assist towards the implementation of the National Action Plan (NAP)
to Combat Desertification. Remote sensing data coupled with field and other rele-
vant data were integrated in a GIS database to produce individual maps depicting
the four previously mentioned indicators. Such maps were then overlaid to derive a
comprehensive Desertification Sensitivity Map (DSM). This map, as well as ground
appraisal information, was used to propose an action plan comprising a list of poten-
tial interventions that may contribute to alleviating desertification problems in the
region. The interventions were formulated with the consent of the local stakeholders
in a participatory process. They included both direct interventions towards reduc-
ing land degradation, but also interventions that are linked to alleviating poverty,
and offering alternative income sources to the local population in order to reduce
land resources pressures. The DSM and the action plan proposed were adopted as a
general guideline framework that would be translated into comprehensive detailed
local/communal action plans.
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10.1 Introduction

Desertification is a global phenomenon resulting from combined effects of natural
and human factors leading to land resource degradation with a subsequent reduction
of its potentialities. Over the past 2 decades, the concept of desertification was set
to land degradation in arid, semi-arid and dry sub-humid areas resulting from var-
ious factors, including climatic variations and human activities (UNCCD, 2000).
In this context, desertification sensitivity is viewed as the degree of vulnerability
or response of the environment/land to the impact of natural or anthropic activi-
ties. Consequently, governments were encouraged to establish their national action
programmes and work towards implementing appropriate measures to combat this
phenomenon.

Arid and semi-arid areas, covering about third of the earth surface are particularly
threatened by desertification. Morocco, being located in a south Mediterranean envi-
ronment, is also exposed to this threat, where climate severity, coupled with human
pressures (both in extensive and intensive agriculture), have induced an acceleration
of land degradation processes and lead to major environmental and socio-economic
impacts. Desertification control should rely first on an assessment based on reliable
data and approaches (factors and degree of degradation), and second on the use of
the assessment outcome to trigger awareness and decision making towards deser-
tification control implementations. The human factor is to be put in the centre of
reasoning, from the early diagnostics to final implementation, in order to achieve
reliable results.

Different models have been proposed to assess desertification at different
scales with different approaches and parameters [Methodology for assessment of
desertification (FAO-UNEP, 1984); Land quality indicators (FAO-UNEP, 1997);
MEDALUS (Kosmas et al., 1999); DPSIR-framework (GIWA, 2001); Classification
system for desertification in China (Jun Hou et al.,, 2003); Iranian Model of
Desertification Assessment (Ahmadi and Nazari Samani, 2006), etc]; however, there
is no consensus on the proper or best way, to assess desertification risk. Those inte-
grating physical and anthropic factors and using spatial geo-information and tools
are particularly preferred. The MEDALUS (Mediterranean Desertification and Land
Use) methodology proposed by the MEDALUS project (EC DGXII Environment
Programme) has been adopted in our study with minor modifications to adjust it to
a basin context. This approach has been used in various areas with Mediterranean
type of climate (Basso et al., 1999a, b; Sabir et al., 2005; Schall and Becker, 2007;
Zehtabian et al., 2004; Vacca et al., 2009); however, most of these studies were
limited to generating desertification risk maps, with limited cases going further to
propose the necessary and appropriate interventions for combating desertification in
the areas assessed.

The objectives of our work were (i) to apply the MEDALUS model to assess
desertification risk in the Souss basin using GIS and remote sensing tools, and
(ii) to use this information as a basis for proposing possible actions to combat this
phenomenon in target priority areas.
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10.2 Materials and Methods

10.2.1 Study Area

The Souss river basin is located in west central Morocco, east of the city of Agadir
(Fig. 10.1). The Atlantic Ocean in the west, the High Atlas Mountains in the north,
and the Anti-Atlas Mountains in the south border it. It lies over approximately
16,000 km? and is characterized by a semi-arid to sub-desert climate. The mean
annual temperatures precipitations vary respectively from 14 to 20°C and 150 to
300 mm, from south to north, with great intra and inter annual variations. The
geological formations are very diverse, including Jurassic limestone, Cretaceous
marls, Triasic clays and Doleretic basals, in the north, Quaternary sediments in the
plain, and Precambrian schists, sandstones, limestones granites and quarzites in the
south.

10.2.2 Methodology
The methodology consisted of the following main steps:
e Data collection and processing: this step included collecting relevant information

on the characteristics of the basin, baseline data, previous studies on land
degradation, past and ongoing projects, etc.
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e Field appraisals: field transects and surveys were conducted with local pop-
ulation and other stakeholders to better understand the study area, including
environment (physical and human components), the driving forces, as well as
the various relationships that may help to interpret better the results and to pro-
pose appropriate interventions for desertification mitigation. The surveys were
conducted using a participatory approach based on a semi-structured interview
and questionnaires.

o [mplementation of the MEDALUS model: the necessary data were processed and
integrated into a GIS database in order to elaborate the various layer maps needed
to develop the desertification sensitivity map for the basin. A desertification zon-
ing and a spatial generalisation with respect to rural communal (RC) limits were
performed as an aid for prioritisation in the action plan.

e The DSM in addition to the collected field information, were used to propose
a package of actions that would enable combating directly or indirectly the
desertification processes.

The MEDALUS model is based on the determination of 4 main indicators:
soil quality, vegetation quality, climate quality, as well as management quality and
human factors. These indicators are themselves determined based on various param-
eter maps (Fig. 10.2). The various parameter maps were determined as follows
and were classified according to the manual proposed by the MEDALUS model
(Kosmas et al., 1999):

SQI: Soil Quality Indicator

+ PM: Parent material

+ SL: Slope

+ SD: Soil depth

+ ST: Soil texture

VQI: Vegetation Quality Indicator

+ FR: Fire risk and ability to recover

+ SEP: Soil erosion protection

+ PDR: Plant drought resistance

+ PC: Plant cover

CQI: Climate Quality Indicator

+ P: Precipitation

+ AR: Aridity

+ AS: Aspect

MQI: Management Quality Indicator
+ ILUAA: Intensity of land use in agricultural area
+ PP: Population Pressure
+ AP: Animal Pressure

DSI: Desertification Sensitivity Indicator

Fig. 10.2 Illustration of the indicators and their sub-parameters used in the MEDALUS model
adopted in this study
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o Soil Quality Indicator (SQI): soil information was derived from available soil
surveys and completed for unmapped areas by expert interpretation and ground
truthing of various soil forming factors (litho-geology, climate, vegetation and
relief). Slope was determined from a DEM of the area obtained by a Triangulation
Irregular Network (TIN) prepared from contour lines of 1:100,000 scale topo-
graphic maps. Salinization was not considered in the study due lack of data.

o Vegetation Quality Indicator (VQI): The parameters needed for this indicator
were derived from the land use map as well as from the field transects and sur-
veys. The land use map was obtained from a mosaic Landsat ETM+ images using
a supervised classification combined with ground truthing.

e Climate Quality Indicator (CQI): Climate data were collected from several
weather stations covering the basin. The data were interpolated to determine the
precipitation map. The Bagnouls-Gaussen aridity index (BGAI) was used for the
aridity parameter. Aspect was generated from the DEM.

o Management quality indicator and human factor (MQI): the intensity of land use
was derived from the land use map and ground knowledge of the agricultural
practices in the area. Abandonment of terraced land was not used because of
its limited extent with respect to the scale of work; “Fire” was considered to
be already included in the VQI. “Population pressure” and “Animal pressure”
parameters based on population and livestock censuses were included to take
into consideration the effect of the anthropic factor.

Data for all the parameters was processed in a GIS environment to produce the
four indicator maps as shown in Fig. 10.2. These parameters were then overlaid
to produce the desertification sensitivity map (DSM). The weightings attributed
to some of the parameter and subsequently to each indicator in the geometric

Table 10.1 Extent of the three classes in each indicator map

Percentage
Indicator Classes Description Area (ha) of area
Soil Satisfactory <1.13 719,762 44.6
Moderate 1.13to 1.45 873,075 54.1
Low >1.45 20,980 1.3
Vegetation Satisfactory <1.13 263,052 16.3
Moderate 1.13to 1.45 703,624 43.6
Low >1.45 647,141 40.1
Climate Satisfactory <L.15 109, 740 6.8
Moderate 1.15to 1.81 593,885 36.8
Low >1.81 910, 193 56.4
Management Satisfactory 1to 1.25 1,321,716 81.9
Moderate 1.25to 1.50 222,707 13.8

Low >1.50 69,394 4.3
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means calculated were slightly modified from the original MEDALUS model in
order to account for specific characteristics of the basin (Table 10.1). In addition,
the term “satisfactory quality” was used instead of “high quality” for classifying the
indicators.

10.3 Results and Discussion

10.3.1 Preliminary Appraisal

The field appraisals conducted over the basin allowed a better understanding of the
major constraints and driving forces involved in the land degradation process. These
included obviously natural and anthropic factors, which are linked to the socio-
economic conditions prevailing in the various agro-ecosystems present in the study
region. In an arid area like the Souss basin, the severe climate is one of the most
important natural drivers of desertification, with more than 2/3 of the basin not
exceeding 200 mm annual rainfall. Furthermore, during the last 3 decades, the basin
has experienced very recurrent drought years with a trend towards decreasing annual
precipitations, a phenomenon that can be attributed probably to the observed global
climate changes. The severe conditions coupled with drought effects have lead to
the reduction of land productivity and vegetation cover, with both direct and indi-
rect effects on population’s income and stability (accelerating migration). A large
part of the basin is placed on steep slopes with fragile soils and parent materials
leading to significant water erosion, dominantly rill and gully erosion. The Argane
forest, native to Morocco and to the Souss basin, a major source of income for the
population (argane oil extraction), is under a continuous degradation with limited
and dispersed efforts for its regeneration.

The field surveys have also shown that all forms of land degradation are present
and their degree of importance differs from one area to another. The northern High
Atlas region, dominated by more or less degraded forest and rangeland areas are
under extensive pressure of overgrazing and the south mountains are almost becom-
ing bare of vegetation. The central irrigated plain, which has been under very
intensive cropping (various cash crops), shows evidence of loss of soil fertility, soil
compaction, and the trend for salinization. Ground water has also been severely
affected by both the lowering of the water table (about 60 m during the last 30 years)
as well as seawater marine intrusion along the coast (USAID, 2004; ABHAS, 2009;
Choukrallah et al., 2007).

The human factor is a major driving force in desertification. However, its impact
is not to be pejoratively incriminated for land degradation and desertification.
Various scenarios could be found in our study area, among which (i) the lack
of knowledge leading to miss-management and to a disequilibrium between land
potentialities and uses, (ii) ignorance and lack of awareness, (iii) limited resources
and poverty forcing the population to inappropriate practices, (iv) lack of alternative
income to divert the local populations from pressure over the resources, and (v) the
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feel of abandonment leading to an overreaction, etc. Establishing a sense of harmony
between the population in place and the available resources, means establishing a
good strategy towards rural development, including: upgrading knowledge and prac-
tices, enhancing awareness for resource preservation, implementing socio-economic
projects (infrastructure, roads, schools, hospitals, telecommunication, etc), creating
thus new opportunities of alternatives for income sources, etc.

10.3.2 Desertification Indicators

Figure 10.3 shows the maps of the four indicators determined to produce the deser-
tification sensitivity map, while Table 10.1 gives the extent of the classes for each
indicator map.

The SQI map (Fig. 10.3a) shows that more than 50% of the basin area has
soils with satisfactory quality (Table 10.1). These soils are located mainly on the
southeastern part of the basin. The low quality of the soils in the central plain and
northwestern mountains is due to the fine and loamy texture making them very
sensitive to compaction, low infiltration, limited drainage, etc. In the northwest-
ern mountain, water erosion is of concern and the soils with low quality are limited
to steep slope areas with very fragile parent materials such as the clayey forma-
tions of Triasic age. However, this indicator need to be taken with precaution, in

Fig. 10.3 Maps of the four indicators used to produce the desertification sensitivity map. (a): SQI;
(b): VQI; (¢): CQI and (d): MQI
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that, satisfactory quality does not mean “agronomic quality” (productivity) of the
soil, but rather its low degree of sensitivity to degradation based on the parameters
used by the approach (parent material, depth, texture and slope). The dominance of
coherent parent materials and the favorable texture classes in these areas made these
two parameters somewhat dominant in the geometric average leading to the SQI.

The VQI map (Fig. 10.3b) indicates that the areas having low to moderate vegeta-
tion quality cover respectively 40 and 44% of the basin (Table 10.1) that are located
mainly on the southeastern part of the basin. This trend reflects the effect of the
harsh climate characterizing these areas leading to a poor and to a low protection of
the soils. The result may appear somewhat contradictory with the SQL, in that, land
with low quality vegetation should be of low soil quality. As discussed previously, in
areas where the parent material is coherent, the resulting soil depth and soil texture
do not reflect the real state of soil degradation.

The CQI map (Fig. 10.3c) indicates that the low and moderate climate quality
area occupy a large part of the basin with respectively 56 and 37%, while the sat-
isfactory quality areas are only about 7% (Table 10.1). This means that almost the
whole basin is vulnerable to desertification due to its arid to arid-subdesertic cli-
mate, and that the climate will be a very determining factor in the desertification
sensitivity assessment.

The MQI map (Fig. 10.3d) indicates, based on the parameters used, that besides
the central plain area, a large part of the basin is of satisfactory management qual-
ity. The plain is particularly vulnerable because of the pressure from an intensive
cropping as well as from the high population density with limited sustainable land
management practices applied for soil and water conservation. In the low population
density and animal charge were in favor of a moderate management quality in the
mountainous areas; though, in small areas not depicted at the scale of the basin, the
impact from animal grazing, wood extraction, etc, are still very visible. The inte-
gration of other parameters in the MQI, such as water management, soil fertility
(organic matter), soil conservation, etc, may help to better express variations of this
indicator.

10.3.3 Desertification Sensitivity Map

The desertification sensitivity map obtained from the overlay of the four previously
discussed indicator (Fig. 10.4) shows that a large part of the basin (72%) is criti-
cally vulnerable to desertification. These areas are mainly located in the Anti-Atlas
Mountains, the central plain and their surroundings. The high desertification sensi-
tivity in the south is attributed to the severity of climate, being influenced by the
desert currents. Contrary to what might be expected, the plain area (both the inten-
sive and semi-intensive zones) are also dominantly fragile to critical, a condition
largely endorsed to the vulnerability of the soils, owed to a fragile soil texture and
its consequences on compaction, low infiltration, and salinity risk. The intensifica-
tion for cash crops has impacted both soil fertility as well as ground water (quality
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Fig. 10.4 Desertification sensitivity map of the Souss river basin

and quantity). The High Atlas areas are rather moderately sensitive to desertification
risk due to the mild climate and the persistence of a vegetation cover.

Areas that are potentially sensitive represent about 15%, and areas slightly sen-
sitive cover only 13% (Table 10.2). In the context of the study area, it was preferred
to use the description “slightly sensitive” instead of “not affected” for the class with
a desertification index <1.17 as suggested originally by the MEDALUS method-
ology. In the south Moroccan conditions, almost all areas are exposed to some
degree of desertification, and therefore, the criterion “not affected” was considered
not appropriate for our conditions.

In general, the variability observed follows the trend of the CQI, indicating
that the climate is a very influencing factor in this case. Similar results have been

Table 10.2 Extent of the desertification sensitivity classes in the basin

Classe  Type DSI Area (ha) Area (%)
1 Critical (C) > 1.37 452,164 28
2 Fragile (F) 1.30to 1.37 309,739 19
3 Moderately fragile (M) 1.23t0 1.30 406,101 25
4 Potentially sensitive (P) 1.17to 1.22 237,826 15
5 Slightly sensitive (S) <1.17 207,987 13
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reported in other studies (Farajzadeh and Egbal, 2007) using the same methodology.
This could be also explained by the fact that the model gives higher weight indices
to the climate for the “low” and “moderate” quality classes; a very suitable approach
in the case of areas with harsh climates.

Having a significant part of the basin classified as not very affected by desertifica-
tion, does not mean that it should not receive any form of attention. On the contrary,
the less sensitive areas are those that need particular attention in order to maintain
their natural soil fertility status with minimal interventions. The critical zones are
already in an advanced state of degradation that interventions to combat desertifica-
tion would be either too costly or with minimal impact or success. The prioritization
in this case might be in the opposite sense, that is, the less sensitive areas are those
to be targeted first in order to ensure their sustainability by preserving their quality.
Prevention is better than mitigation.

If a DSM, like the one obtained above, is supplied to decision makers, it would
be very difficult to apprehend as such because the driving forces leading to deser-
tification in each part of the basin, are not well elucidated, especially considering
that the area is very large and the processes may differ from one ecosystem to
another and even within each ecosystem. Therefore, the other layer maps such as
the ones represented in Fig. 10.3 should always accompany a DSM. In the case of
the present study, three detailed reports were made available, one dedicated to the
initial appraisal, the second to the implementation of the MEDALUS approach and
the production of the DSM, and the third to the interventions to be considered in the
action plan.

10.4 Proposition of an Integrated Action Plan to Combat
Desertification in the Souss Basin

The National Action Plan for combating desertification (NAP-CD) (MADRPM,
2001) recommended that any local action plan should be based on a participatory
approach involving the various stakeholders and partners. The present study aimed
to be compliant with this recommendation and therefore has undertaken the fol-
lowing steps in order to propose a general action plan that can be later detailed at
the communal level following a “communal action plan approach”. The action plan
definition relied on three main directives:

o Identify from the desertification sensitivity map the priority zones that really need
immediate and specific interventions, given large extent of the basin and that
actions cannot target simultaneously the whole area.

e Use the information collected in the initial phase of the study along with the
knowledge gathered during the field transects and surveys to propose a package
of specific actions suitable to the various agro-ecosystems.

e Validate the actions proposed in a stakeholder workshop to have the consensus of
the various actors in the basin in order to have good chances for it to be adopted
and implemented.
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It is very important to note that at the scale of the study area (16,138 km? ~ 1.6
million hectares), a detailed and comprehensive action plan would require thorough
ground studies with important funding and qualified human resources; therefore,
the action plan proposed in this work comprised a package of potential specific
actions to the various priority zones and recommended an approach that can be
adopted for the local comprehensive communal action plans (CAP). In compliance
with the NAP-CD, the package comprises direct actions targeting land degradation
phenomena, as well as indirect actions aiming at indirectly reducing the pressure on
the resources by improving the different agricultural systems, offering alternatives
of income sources to assist the livelihoods and the well being of the local population.

The spatial entity for intervention can differ from one project to another (basin,
watershed, province, commune, village, etc). The choice of either one is usually
justified by the objectives of the work. In the context of the basin, the “Rural
Communal” (county) entity was considered to be appropriate for local action plans
since various other projects worked or are working at this direction (Goldnick and
Moumadi, 2004; HCEFLCD, 2009; ABHS, 2009; ADS, 2008). The local deserti-
fication action plan could be included in the “Communal Development Plan” for
a more integrated strategy at the local level. Based on the DSM a spatial general-
ization (average) was performed using the communal limits to determine a zoning
in terms of the importance of desertification at the communal level, which helped
better orienting the interventions proposed in the action plan. The three main zones
identified are:

e Zone I: the least sensitive to desertification, located mainly in the north, with
a fair climate, an appreciable vegetation canopy and low population pressure.
However, it is believed that this zone should deserve as much attention, yet even
more attention than the other two zones, in order to sustain its environmental
quality.

e Zone II: critical; located mainly in the plain area with intensive and semi-
intensive agriculture with high population pressure, both rural and urban.

e Zone III: very fragile to fragile, covering almost the 2/3 of the southern part of the
basin. The vulnerability of this zone is due mainly to the aggressiveness of the
climate and the vegetation degradation. The environment is being deserted and
agriculture is limited to confined spaces and oasis. Nomadic extensive grazing is
dominant.

The actions proposed in the plan to respond to desertification problems (natural,
human and socio-economic) were categorized in six categories:

e Direct actions: this group includes direct actions aiming at reducing or allevi-
ating land resource (soil water and vegetation) degradation using appropriate
measures adapted in the context of the area and taking into consideration the local
knowledge. This group includes interventions to be implemented in several sites,
targeting soil erosion control, water harvesting, ground water conservation and
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recharge, forest regeneration, pasture improvement, wastewater treatment and
reuse, etc

e [Indirect actions: this group includes actions that will contribute indirectly to the
preservation of the resources through improvement of productivity of the exist-
ing agro-systems, energy saving techniques, and creating alternatives of income
that will reduce the dependence on the available resources and consequently
reduce the pressure. Actions of this category include interventions targeting land
productivity and crop production improvement, diversification of cropping sys-
tems, improvement of animal production and sedentarization of the livestock,
introduction of energy saving techniques for firewood, proximity advisory and
outreach, etc.

e [ncome generating actions: this category includes actions that will promote
additional incomes to the local population and therefore divert it from overus-
ing the available resources. They concern both existing activities that require
enhancement, as well as alternative new activities. They include the valoriza-
tion (individually or in groups) of local agricultural and non-agricultural products
such as argane and olive oil, honey, medicinal and aromatic plants, prickly pears,
craft and other artisanal, rural and eco-tourism activities, etc.

e Local development actions: this type of actions aims at contributing to the human
and socio-economic development in the area, creating favorable conditions in
terms of infrastructures, public and private services, in order to help reduce
poverty and ensure favorable conditions for the success of the other actions.
These actions include, among others, education (especially for girls), professional
trainings for farmers and youth, roads and transportation for enclaved zones,
electrification, health, potable water, etc.

e Transversal actions: this type of actions will accompany the other categories
of actions previously discussed and aims at contributing to training, increasing
awareness, capacity building, promoting societal and professional organization,
empowerment, developing tools for information dissemination. This type of
actions should the various stakeholders (local rural populations, mainly farmers,
all genders considered; NGOs; technical services, agriculture, forestry, range, etc;
administrators; decision makers, elected communal representatives, local author-
ity representatives, government agencies; etc). These types of actions are to be
reasoned according to the specificities of each target group and use adapter tools
for better communication.

e Coordination, monitoring and evaluation: a desertification action plan would
not be successful without the consent of all stakeholders and partners, both at
the basin and at the communal levels. To be compliant with the NAP-CD, it
should be coordinated by a body that would foster it, take the lead for harmo-
nizing and consolidating the efforts, capitalizing on previous experiences, fund
raising, establishing mechanisms and indicators for monitoring and evaluation,
disseminating results and information. A workshop organized in this context led
to the consent to attribute the coordination to the Regional Directorate of Water,
Forest and Combating Desertification as this task is supposed to be among its
mission.
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Table 10.3 Example of a summarized action sheet proposed in the action plan

ACTION no: 1.2.1

Title Soil and water conservation in mountainous areas

Description This type of action comprises measures for soil and water
conservation, both on agricultural and forest areas that will
contribute to reducing soil loss, improving soil fertility and
productivity, conserving water, and preventing sedimentation in the
reservoirs downstream.

Target zones Zone 1
Priority sites/ e Areas upstream of Abdelmoumen, Aoulouz and Chakouken dams
communes e Tigqui, Argana and Admine forests

e SIBE (sites of biological and ecological interest) sites

o Other sites to be defined by the local communal action plans
Components e Appropriate soil tillages practices on crop lands

e Soil and water conservation techniques (catchment ditches, stone

breaks, cuvettes, etc)

e Water harvesting techniques

e Strip planting

e Mechanical and biological correction of ravines and gullies

e Plantations of fruit trees adapted to water scarcity and harsh climate

e Costal sand dune stabilisation

Beneficiaries Farmers (all gender), local associations, Argane forest right-users,
herder associations, water user associations,. . .

Coordinating body Regional directorate for Water and Forest

Partners Regional Agricultural Office, local NGOs, Regional Service for
Environment, others

Approximate cost 10,000 to 20,000 MAD?*/hectare

4 Moroccan currency.

The action plan comprised a list of 37 types of actions that target several sites or
communes. As a general guideline, the actions proposed were reported as instruc-
tive sheets, each with a brief description, target zones, target sites, beneficiaries (if
any), components, leading body, partners, and an approximate cost when possible
(Bouabid et al., 2007). A summarized example of an action sheet targeting soil and
water conservation in mountainous areas is given in Table 10.3.

10.5 Conclusions

This work is to be considered as case study in methodological and technological
approaches for the assessment and proposing actions to combat land degradation
and desertification towards promoting sustainable land management. Desertification
risk evaluation was accomplished using the MEDALUS model supported by field
participatory appraisals. The results showed that the Souss Basin is in general crit-
ical to fragile to desertification especially in the southern part. The climate is a
very determining factor, aggravated by both physical and anthropic factors. The
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desertification sensitivity map along with the other collected information was used
to propose an action plan specific to the basin, taking into consideration the driving
forces in the various agro-ecosystem. The maps produced, (individual parameters,
indicators, and desertification sensitivity), offer good pictures for better grasping
land degradation, while the action plan gives general guidelines for possible inter-
ventions to combat the various aspects of desertification. Comprehensive local plans
are to be derived from the proposed plan using in-depth appraisals and participatory
communal approaches.
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Chapter 11

Assessment of the Existing Land Conservation
Techniques in the Peri Urban Area of Kaduna
Metropolis, Nigeria

Taiye Oluwafemi Adewuyi

Abstract This study assessed the effectiveness of the existing land conservation
techniques in the peri-urban area of Kaduna metropolis with the aim of ascertain-
ing if the existing conservation methods have helped to alleviate land degradation,
and provide sustainable land use. Random sampling method was used to collect
data from field observation, measurement and semi-structured interviews, which
are analysed using descriptive statistics. The results revealed that there exist local
conservation techniques along with the modern ones, some are physical and oth-
ers are biological methods, even though techniques such as agroforestry, which is
known to be the best method of farming is present but is yet to take root in the area.
Some of these conservation methods are not standardized neither are they imple-
mented in a scientific manner to ensure effectiveness and efficiency without causing
further damage to the land, and there may be no end to land degradation in Kaduna
if the current approaches to conservation are not improved on. It is suggested that
improved water management, improved farming techniques, economic empower-
ment and education of the land users be employed in refining existing techniques,
through which poor management practices such as bush burning, mono-cropping
and overgrazing will be avoided while farmers may easily embrace new practices
such as agroforestry, which provides farmers with income and food all year round
as well as protect the environment from further degradation.
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11.1 Introduction

Mariko (1991) stated that the Earth is humanity’s life support system and any society
must find a way to use its resources in an intelligent, economical and rational way.
In turn, it is also important to enrich the land whose resources are not inexhaustible.
However, in order to manage and use the products and by-products of the land and
the natural environment in a rational way, the soil must be worked intelligently as
its fertile surface is exhaustible.

Mortimore (1998) noted that conservation has different meanings to different
people. For some, it implies the exclusion of humans from protected natural reserves
and to others it entails the protection of threatened species or habitats in ecosystems
that are already occupied or exploited by human populations. The United Nations
(1994) consider land conservation those activities that are part of the integrated
development of land in the arid, semi-arid and dry sub-humid areas for sustainable
development and which are aimed at the prevention and/or reduction of land degra-
dation, the rehabilitation of partly degraded land, and the reclamation of desertified
land.

The causes of declining biodiversity and land degradation are often multiple
and complex and usually involve a combination of human and natural factors. The
impacts of land degradation are also multiple in effects and range from natural to
socio—economic considerations. From field observation, direct and indirect relation-
ships between the state of natural resources (soil, vegetation, water, and ecosystem),
the biological diversity at species level (animal, plant and microbial species) and the
ecosystem level (habitats, interactions, and functions) and the management of those
resources have been discovered. The management practices directly or indirectly
affect the capacity of land users to conserve and sustain resources. It also provides
goods and ecological services such as timber, herbs and eco-tourism. The assess-
ment and monitoring of biodiversity and associated ecosystem services, therefore,
require an integrated suite of biological and socio-economic indicators.

There are three major principles and direction of strategy for combating land
degradation (Hamorouni et al., 2001). First is the sustainable use of water, soil
and vegetation resources by ensuring their protection and conservation, and at the
same time stimulating proper social and economic development. Second, ensuring
land development by encouraging livestock farming and regeneration of natural
vegetation coupled with a better use of soil and water resources. The third is the
integration of farmers into all development and protection actions, by providing
them with logistical support, efficient advice and enabling them to pass from unre-
liable types of agriculture to more regular ones while ensuring a reliable source of
subsistence.

From these principles, various studies summarized the technical measures for
land degradation as follows: soil and water conservation (Ben Hassine et al., 1998;
Ogunwole et al., 2002), water collection and saving (Adewumi and Kolawole,
2002), sand invasion control, regeneration of forest and reforestation of bare land
(IRA, 1991), development and rehabilitation of small irrigated areas, combating
soil salinization, the re-use of drainage water in agriculture, re-use of treated waste
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water in agriculture, agriculture and pastoral development and the improvement of
degraded soils (UNEP, 1985; Mtimet et al., 2002).

However, conservation techniques are not limited to technical measures but
include a range of economic, social and institutional measures, which vary from
place to place. Some major examples of these measures are as follows: appropriate
fertilizer management (Rayar, 1995), supporting research, training of farmers, com-
munity and extension officers on how to use natural resources (Gadzama, 1995),
creation and improvement of local infrastructure, support to small scale farm-
ers and women, building awareness, continuous monitoring, institutional policy
and re-orientation, improving trade, improving the economy and reducing poverty,
developing microeconomic reforms vis-a-vis international, regional and bilateral
cooperation (Harou, 2002).

In the monitoring and dealing with land degradation, the effectiveness of the
existing land conservation methods is very important. Therefore examining the
adequacy of the current measures is a very important step in mitigating land degra-
dation. It is equally important from the point of view that some land conservation
techniques employed by land users may have caused or aggravated the rate of land
degradation.

Consequently, it is important to examine the roles of various land conservation
techniques and their contributions to sustainable land use and development. As
a result, this study aimed at examining the existing land conservation techniques
and its effects on land degradation in the study area. The specific objectives are:
firstly, to examine the existing land conservation techniques, secondly, to evaluate
their effectiveness, thirdly, to suggest how to improve the existing land conservation
techniques if necessary.

11.2 Methodology

11.2.1 Study Area

The study area is the entire peri-urban area of Kaduna metropolis. The peri-urban
areas lie within a 500 m corridor from the outskirts of the city. These zones are
transition areas from rural to urban and they lack adequate infrastructure in compar-
ison to the main city. The study area therefore circled the city and forms an irregular
shape. It falls within latitudes 10° 22’ 00”—10° 40’ 00” N and longitudes 7° 20" 00"—
7° 28 00” E with the elevation ranging from 600 to 650 m above mean sea level.

The approximate size of the study area is 24,000 m? (24 km?). It falls within
Igabi, Chikun, Kaduna North and South local government areas of Kaduna State,
Nigeria (Fig. 11.1). A larger percentage of the northern part of the study area belongs
to the Nigerian Defence Academy, the Nigerian Airforce, the old airport and the
Nigerian Army. The area being a military zone is excluded from the recent wave
of physical development in the city. However, it is not free from agricultural use
(Dogo, 2006).
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Fig. 11.1 Kaduna metropolis in Kaduna state

The existing land use is predominantly agriculture, while the land cover is dom-
inated by natural vegetation (Plate 11.1). The area’s original vegetation is Guinea
Savannah, which has been replaced by cultured vegetation that is characterized by
tall and short grasses with medium height trees interspersed within shrubs and herbs.

River Gora with six tributaries drains the northern area. The remaining parts do
not fall in restricted environment like most of the northern part. As a result, both
farming and grazing go on hand in hand. The vegetation is the same for both the
northern and southern parts.

River Kaduna and its tributaries drain the southern area. However, there is a sec-
tion along the eastern part where the river creates a sharp boundary between urban
land use and rural land use due to the absence of a bridge. However, a year after the
fieldwork for this research had been completed, a bridge was being built over the
river along the axis, but this has not altered the land use situation.

The trees are generally moderate in size, ranging from 5 to 15 m in height and 15
to 100 cm in trunk diameter. The crops grown are mainly tubers (yams and potatoes),
cereal (maize, guinea corn and millet) and vegetables (spinach, tomatoes, cabbage,
onions etc). Cattle, goat and sheep grazed the vegetation from time to time.

11.2.2 Data and Methods

Studies on land conservation are both biophysical and socio-economic in nature. As
a result the methodology of data collection was designed to reflect these two factors.
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Plate 11.1 SPOT satellite
imagery of Kaduna
metropolis and its Peri-Urban
area

Since the aim of the study is to examine the existing land conservation measures
and its effects on land degradation in the area, first hand information was collected
through observation, measurement and interviews after a thorough reconnaissance
survey.

The sampling design for the study was the random sampling method. The sam-
pling technique was random in order to allow transects that form the study site to be
chosen only by chance so as to avoid any kind of influence for a proper representa-
tion of the study area. A base map was produced during the reconnaissance survey
that served as the sample frame. From the sample frame, 96 portions of 500 m wide
were created. These 96 portions were numbered from 1 to 96. Twelve portions were
then selected randomly. At each portion, transects of 50 m wide and 500 m long
were randomly demarcated for the field observations and measurements (Fig. 11.2).

The field measurements/observations were carried out using quadrant method
and observation techniques accepted for standard fieldwork. On these selected
transects, observation and measurement of land use, land cover, conservation tech-
niques, content of manure, soil type, texture and colour are carried out. The
semi-structure interviews on people’s opinions on the existing conservation tech-
niques and their effectiveness was conducted randomly on farmers found in the
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area. The interview was utilized to gather opinion from people who live and work
in and around the study area. Some of the information that was sought for includes
crop yield, types of land degradation, farming system, crop grown, land use, land
cover, vegetation type, species and diversity, conservation techniques and problems

of farming.
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Data processing involved various descriptive statistical tools such as mean and
percentages. The analysis entails using comparison and inferences while the discus-
sion focused on relating the result of the analysis with other study’s result and their
implication on sustainable environment.

11.3 Results and Discussion

11.3.1 From Field Observation

Observation data from the fieldwork, which are presented in Table 11.1 revealed that
the biological techniques comprise the use of fertilizers, manure, crop residue, crop
rotation farming method and mixed cropping method. The use of fertilizer is the
most common agricultural technique. It was practiced in six out of the twelve tran-
sects selected (50%) namely TP2, TP3, TP4, TP5, TP7 and TP9 closely following
the use of fertilizer and the use of crop residues. Crop residues from previous sea-
son’s harvest are intentionally allowed to remain on the farm to decay. These crop
residues consist of leaves, stems, branches, stalks, chaff and shell of grains such as
the shell of groundnuts. In some cases where the grains are processed on the farm,
it may include waste from such processing. This practice occurred in four transects
(33%) namely TP1, TP2, TP9 and TP10.

The application of manure as a method of land conservation was used in three
transects (25%) namely TP4, TP7 and TP8. The content of the manure varies a lot.
In some places cow dung and chicken waste constitute the manure while others use
household refuse.

The result is that most manure applied to the farm contains several components
with no specific proportion as shown in Plate 11.2 from TP4.

Other observations in the field include crop rotation, a farming system where the
crops planted are rotated between seasons to allow depleted/extracted soil nutrients
by plants to recover. This is a common practice in the study area as noticed during
fieldwork. It was also observed that some farmers employed mixed cropping method
for land conservation. Under this approach instead of rotating different crops on a
piece of land, many types of crops are simultaneously planted over some years.
This allows the replacement of crop nutrient being depleted by a crop to be fixed
by another thereby conserving the land. This mixed cropping is shown in Plate 11.3
from TP1.

Three physical conservation techniques observed during the fieldwork are ridg-
ing across the slope, mounding raised beds and construction of water channels.
These physical conservation techniques are not popular in the area as each of these
techniques was only employed in one transect. Ridges are made across the slope
direction in order to reduce the rate of soil erosion. This is a common practice where
the slope is moderate and the soil is at risk of erosion if cultivated.

The use of raised beds is employed primarily to distribute and retain water for
plant consumption. This approach is commonly used along the flood plain called
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Plate 11.2 Preparation for
manuring in one of the farms

Plate 11.3 Mixed cropping
in one of the farms in the
study area

fadama by dry season irrigation farmers. It requires water to be pumped either
through a pumping machine or manually on to the highest point on the farms from
where it is then circulated through the force of gravity. The construction of a water
channel observed in the field served three purposes: to transfer water from one point
to another, for maximum water utilization and to prevent gully erosion and water
logging along the flood plain. An example of a water channel constructed to prevent
gully erosion is shown in Plate 11.4 from TP3.

Plate 11.4 A constructed
water channel
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11.3.2 From Administered Questionnaires

The existing conservation techniques reported by respondents are the same with the
ones observed previously except for the inclusion of bush burning. Bush burning
method was observed but not considered along with the methods mentioned above
because it was seen as a method of farm clearing. However, some farmers claimed
that they use the ash derived from the burning as a soil-enriching component. A
good example is shown in Plate 11.5 where bush burning is used as a conservation
technique. This technique was observed in all the transects.

11.3.3 Problems of Existing Land Conservation Techniques

The effectiveness of the existing land conservation techniques was examined by
considering the roles of existing conservation methods on biophysical features such
as soil, vegetation, water and biodiversity on one hand, and on socio-economic vari-
ables such as crop yield, return on investment and security of tenure on the other
hand. The conservation methods employed are rendered ineffective by destructive
practices of the people. An example is the practice of outright cutting down of trees
and uncontrolled pruning. From investigation (interview) the farmers agreed that
trees are either cut or pruned in preparation of the land for farming. The percent-
age vary from 62.5% for pruning, 22.9% for cutting down trees while 14.6% were
for neither prune nor cut. Statistics collected for wood collection shows that 60.4%
is used for fuel wood, 22.9% for ash, 12.7% for animal feeds and 4% for manure,
resulting in total that only 27% being used for ash and manure to improve the fer-
tility of the soil while 13% as animal feed and the remaining 60% is used as fuel
wood. This confirms the finding of Mortimore (1998) that most people in Nigeria
still depend on fuel wood for energy.

Some level of awareness exists on conservation techniques, which has led to local
practices of conservation. However, these practices are not scientifically proven. For
example, baseline data on soil condition are mostly not available to determine the
type and level of intervention that will improve the soil. Consequently, some of the
measures taken are abused thereby aggravating degradation in the area in the long

Plate 11.5 Bush burning as a
conservation technique
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run. This is evident from the arbitrary use of refuse and animal dung as a measure
of improving soil nutrient in several places within the study area.

It seems that the effort on grazing control is yielding desired results because
overgrazing contributed only 2.1% to land degradation in the area as revealed by the
result of the interview. Consequently controlled grazing is a good conservation mea-
sure for soil improvement in the area. However, 35.4% of the farmers interviewed
reported that a loss in soil fertility implies, either the farming systems employed
by the farmers reduce soil quality or the conservation techniques employed by the
farmers are inadequate, or both. However evidence tends towards inadequacy of the
conservation techniques. It is also obvious, that the flood control measures adopted
by the farmers are not very effective. Hence, 41.7% of them claimed that flood is
their major problem.

11.4 Implications and Recommendations

The failure of the conservation measures to achieve the desired goals has led to a
number of problems for the human and natural environment. Such problems have led
to many complains by farmers, which include increase in cost of farming (through
increase in labour, time and finance), increase in the use of fertilizer, reduction in
crop yield, loss of soil fertility and loss of agricultural land. The overall effect is low
return on investment which farmers claimed is a major concern and that it has lead
to lack of social and economic security and over exploitation of marginal resources.
To correct these problems and ameliorate there implications on the environment,
the following suggestions are provided based on the experience gathered from the
field.

11.4.1 Education of the Land User

In view of the expected role of the local people in the success of any conservation
technique, the first step towards the improvement of land conservation practices in
the study area is education, particularly, mass literacy of the land users. Education
will be particularly helpful in the areas where the introduction of new land conser-
vation techniques is in the process of refining the existing ones. This will facilitate
effective communication, dedication, trust and the building of farmers’ confidence
in the new methods. For instance, the arbitrary dumping of urban refuse on farms as
manure will be mitigated because appropriate enlightenment will teach the farmers
how to sort the waste in order to separate them into toxics/non toxics and biodegrad-
able/non biodegradable substances before their. In a similar manner, education will
expose the farmers to more information and knowledge on various types of soil,
their characteristics, need and best use in a sustainable way.
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11.4.2 Economic Empowerment

The second suggestion on how land degradation can be controlled in the study area
is through economic empowerment of the people. If all farmers in the area are given
the best education and information on how to protect the environment without eco-
nomically empowering them, land degradation will be inevitable. This is so true
because struggling poor people would not really care about the consequences of
their actions on the environment unless they meet their basic needs. Therefore, they
will farm marginal land, practice farming systems that degrade the environment and
apply agricultural techniques that introduce other environmental problems. This fact
is evident in the studies of Warren et al. (2001) and Butterbury (2001) where people
who depend solely on the land for their livelihood degrade the land to get whatever
that is possible to be able to survive. Bielders et al. (2001) in his study also con-
firmed that those with other sources of income are not desperate and their actions
are not so destructive.

Thus, any intervention that excludes economic empowerment may fail. That is
why an approach such as the agroforestry farming system is highly recommended
to be practiced in the area. This is the only farming system that encourages a broad
base diversification into crop farming, animal husbandry and forestry. It is not only
that each of these units generates income in different ways but also they do so at
different times therefore providing the farmers with regular income throughout the
year. It is the suggestion of this study that when animal husbandry and tree planting
is combined with crop farming the environment will be better utilized in a sustain-
able way. The resultant effect would be better environmental resources conservation
and reduction in the rate of land degradation.

11.4.3 Improved Farming Techniques

The third suggestion on how land degradation can be reduced is by using improved
farming techniques by all farmers. Namely, improved tillage methods (e.g. zero
tillage, ploughing along contour lines, terracing), rotating crops, intercropping, the
use of legumes (which biologically fix nitrogen) as biofertilizers, mulching, com-
posing and rainfall harvesting. These farming methods can improve crop production,
use less water and reduce pressure on the marginal land for food or cash crop
production. The emphasis is that all farmers should adopt using these techniques
irrespective of what they grow. This is required to have a consistent and generally
spread sustainable land use management.

This has being found in different studies, for instance, Ogunwole et al. (2003) and
Ogunwole and Raji (2001) confirmed that better tillage practices increases the yield
of rain fed crop. Adeoye (1990) also shows that grass mulch improved soil condition
(soil temperature and profile water storage) and grain yield, while Bodunde and
Ogunwole (2000) have shown that fruit yield of tomato varieties grow better when
soil moisture is not stressed. This study in particular revealed an average of 50%
increase in production.
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11.4.4 Better Water Management

Alongside is the need for better water management practices since water is the key
factor to land conservation. Although this study assumed that the available quantity
and distribution of rain in Kaduna peri urban area is adequate, however there is the
need to utilize this resource in a sustainable manner so that excess or lack of it will
not aggravate the factors of land degradation. To this end and in agreement with
Adewuyi small barrages should be built across the area to harvest rainwater. These
barrages will help to store excess rainwater during the rainy season and provide
water to the farmers for irrigation farming during the dry season. They will also
help to control flooding in the area thereby reducing land degradation; these bar-
rages will help to stabilize the microclimate condition by lowering the atmospheric
temperature, and improve the land cover distribution and biodiversity of the area.

11.5 Conclusions

In conclusion, we state that the issues of environmental protection require the sup-
port of all citizens as stakeholders. When the environment is neglected, the country
loses valuable resources that lead to bigger problems that may eventually become
difficult to reverse like the case of desertification and big gullies that now threaten
various parts of the country. Solving these problems may demand important rev-
enues that otherwise could be used for other essentials needs of life. Therefore, this
is the time for action to be taken and not time to play politics with issues concerning
the environment and the future of our children.
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