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Foreword for the Publication of
“Progress in Landslide Science” from UNESCO

Natural disasters are increasing in terms of frequency, complexity, scope and destruc-
tive capacity. They have been particularly severe during the last few years when the
world has experienced several large-scale natural disasters: the Indian Ocean earth-
quake and tsunami, Hurricane Katrina and Hurricane Rita; the Kashmir earthquake
in Pakistan; floods and forest fires in Europe, India and China; and drought in Africa.
Images of these events have shocked us all and will remain with us for a long time.
Numerous landslides and mudflows have also occurred, causing deaths, injuries and
material losses. The most recent tragic ones were the large-scale landslides which struck
the Philippines in 2006, hitting the Albay province on 02 December and the Leyte Is-
land on 17 February respectively, resulting in terrible loss of life, suffering and dam-
age. National authorities and the international community, of course, should continue
to provide the practical support needed by the affected communities. At the same
time, it is important to quickly learn appropriate lessons that may help individuals,
families, communities and whole societies to be better prepared for other disasters,
whether caused by natural forces or otherwise.

The time has come for putting more emphasis on pre-disaster action rather than
remaining content with post-disaster reaction. We must mobilize scientific knowl-
edge and technological know-how to assess natural hazards and to strengthen disas-
ter mitigation measures. We should promote a better understanding of natural disas-
ters. We must promote and enforce sound scientific, engineering and construction
principles. And we must promote education and public awareness about natural di-
saster reduction.

Landslides pose considerable risks to people’s livelihoods and to the environment.
They cause great disruption and economic losses by the destruction of infrastructure
works such as roads and other communications and utility lines and of cultural heri-
tage and the environment. Today there is a need more than ever before to address the
problem of landslides in an integrated and internationally concerted way. These are
the purposes of the International Consortium on Landslides (ICL) and the Interna-
tional Programme on Landslides (IPL). Both initiatives encompass research, educa-
tion and capacity-building in landslide risk reduction. They both enjoy the participa-
tion and support of numerous international, governmental and non-governmental
organizations and entities. They contribute to the International Strategy for Disaster
Reduction (ISDR) and to the implementation of the Hyogo Framework for Action
2005-2015 which was adopted at the World Conference on Disaster Reduction held in
Kobe, Japan in January 2005. The 2006 Tokyo Action Plan on Landslides, which was
adopted during the Tokyo Round Table Discussion on Landslides in January 2006,
provides a roadmap for strengthening international collaboration and identifying fo-
cus areas for reducing landslide risk worldwide.

UNESCO had the privilege to accompany from the very beginning the establish-
ment of the ICL and the launching of the IPL. In so doing, the Organization enjoys
partnership with a large number of stakeholders including the World Meteorological
Organization (WMO), the United Nations University (UNU), the Food and Agricul-
ture Organization (FAO) of the United Nations, the UN/ISDR Secretariat and the In-
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ternational Council for Science (ICSU) and its Unions. I am glad that the ICL and IPL
have also been marked with the establishment of a UNITWIN Cooperation Pro-
gramme on Landslide Risk Mitigation for Society and the Environment in the frame-
work of the UNITWIN/UNESCO Chairs Programme, at Kyoto University (KU). This
Programme is now hosted in the UNESCO-KU-ICL UNITWIN Headquarters at the
Research Centre on Landslides of the Disaster Prevention Research Institute in Kyoto
University. Furthermore UNESCO and ICL have established in August 2006 a Memo-
randum of Understanding for cooperation. Finally I am especially pleased that
UNESCO will serve as co-organizer with ICL of the World Landslide Forum sched-
uled to take place in 2008. This Forum will constitute a milestone in our efforts to
strengthen global risk preparedness.

The “Landslides” Journal of the International Consortium on Landslides plays a
key role for the progress of landslide study as an integrated research field by putting
together knowledge and technologies in many related fields of natural sciences, engi-
neering, social sciences and culture. The present Publication “Progress in Landslide
Science” comes in this context to provide an overview of the current status of this
science. The diversity of subjects which are presented in this publication represents a
rich collaborative work regarding landslides. I wish to commend the editors and the
numerous authors involved in it. My particular greetings go to Professor Kyoji Sassa,
Chairperson of ICL who continues to spare no effort in promoting ICL and IPL. It is
with great pleasure that I praise the edition of this publication as a means of dissemi-
nating good knowledge in the area of landslide risk reduction.

-’- > ’#

Koichiro Matsuura
Director-General of UNESCO



Foreword for the Publication of
“Progress in Landslide Science” from UN/ISDR

A series of extremely high-profile disasters - the Indian Ocean tsunami of December
in 2004, Atlantic hurricane season, the South Asian earthquake and the East African
drought in 2005 underscored the importance of how better cooperation between Gov-
ernment authorities and the international community including scientific commu-
nity would have played a critical role in helping people make life changing decisions
about where and how they live before the disaster strikes, in particular high-risk
urban areas.

Landslide, floods, drought, wildfire, storms, tsunami, earthquakes and other types
of natural hazards are increasingly affecting the world. In the decade 1976-1985, close
to billion people were affected by disasters. But by the most recent decade, 1996-2005,
the decade total had more than doubled, to nearly two and a half billion people. In the
last decade alone, disasters affected 3 billion people, killed over 750 000 people and
cost around US$ 600 billion!. We cannot let this trend continue. Disaster risk concerns
every person, every community, and every nation; indeed, disaster impacts are slow-
ing down development, and their impact and actions in one region can have an impact
on risks in another, and vice versa. Without taking into consideration the urgent need
to reduce risk and vulnerability, the world simply cannot hope to move forward in its
quest for sustainable development and reduction of poverty.

The Hyogo Framework for Action 2005-2015: Building the Resilience of Nations and
Communities to Disasters, adopted at the World Conference on Disaster Reduction
(WCDR, Kobe, Hyogo, Japan, in January 2005), represents the most comprehensive
action-oriented policy guidance in universal understanding of disasters induced by
vulnerability to natural hazards and reflects a solid commitment to implementation
of an effective disaster reduction agenda. In order to ensure effective implementation
of the Hyogo Framework at all levels, tangible activities must be carried out. For the
last two years as post WCDR, we have seen many activities and initiatives developed to
implement the Hyogo Framework in various areas. As a concrete activity in the area of
landslide risk reduction, the International Programme on Landslides has maintained
the momentum created at the WCDR and has been moving forward, led by the Inter-
national Consortium on Landslides.

This publication is a valuable contribution to the implementation of the priority
area 2 of the HFA - “Identify, assess and monitor disaster risks and enhance early
warning”, by gearing landslide risk assessment, both hazard identification, monitor-
ing and vulnerability analysis, as well as preparedness and landslide risk manage-
ment. The combination of landslide scientific knowledge and risk reduction measures
are essential to reduce the impact of landslides. The Hyogo Framework calls for the
international coordination and collaboration among different actors dealing with di-
saster risk reduction. In this sense, the Global Cooperation Platform for research and
investigation for landslide risk reduction in the 2006 Tokyo Action Plan consist of very

1 Data derived from the EM-DAT: The OFDA/CRED International Disaster Database, www.en-dat.net,
Universite Catholiqué de Louvain, Brussels, Belgium.
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important activities to promote the thematic coordination to research and reduce
impacts of landslides. This initiative also contributes to the priority area 3 of the HFA,
which emphasizes the importance of education and public awareness of the disaster
risk reduction. Education and public awareness about the hazards, in this case land-
slide, are also key for people to be able to reduce risks and their vulnerabilities.

I welcome the work of the Global Cooperation Platform for research and investi-
gation for landslide risk reduction and the International Consortium on Landslides.
I look forward to collaboration with them, in particular through the International
Programme on Landslides (IPL) and its Global Promotion Committee.

Sélvano Bricefio
Director of United Nations Secretariat
of the International Strategy for Disaster Reduction



UNESCO’s Contribution to Landslide Risk Reduction

International scientific programmes provide a forum for an in-depth study of natural
phenomena, their characteristics and their occurrence. This study is an essential pre-
requisite for a logical approach to the understanding of natural hazards. Furthermore
the mitigation of risks arising from these hazards is based on the applied science and
technology as well as on educational and information campaigns and programmes.
The problem of risk reduction therefore requires a multidisciplinary approach, in-
volving co-operation between specialists in several sectors of science, technology, edu-
cation and culture.

The activities of the United Nations Educational, Scientific and Cultural Organiza-
tion (UNESCO) in the study of natural disasters and the protection against them date
from the beginning of the 1960s. Originally concerned with basic seismology, these
activities were later extended to the reduction of earthquake hazards and still later to
other categories of natural hazards including landslides and their socio-economic as-
pects. UNESCO has brought an interdisciplinary approach to the study of geohazards
and the mitigation of their effects. Being at the crossroads of several sectors, UNESCO
provides a unique intellectual setting, linking, within a single organization, the natu-
ral sciences with education, culture, communication and the social sciences. With its
broad mandate and breadth of expertise, UNESCO is able to integrate many of the
essential ingredients for disaster reduction.

The purposes of UNESCO in the field of disaster risk prevention can be described
as follows:

= to promote a better understanding of the distribution in time and space of natural
hazards and of their intensity;

= to help set up reliable early warning systems;

= to foster rational land use plans;

= to encourage the adoption of suitable building design;

= to provide policy advise on the protection of educational buildings and cultural
monuments;

= to strengthen environmental protection for the prevention of natural disasters;

= to enhance preparedness and public awareness through education and training;

= and, when catastrophes do strike, to foster post-disaster investigation, recovery and
rehabilitation.

Facing the increasing vulnerability of its Member States to natural hazards, UNESCO
has constantly advocated that risk prevention policies, including warning systems re-
lated to natural hazards like landslides, must be established or improved. Hence the
promotion of landslide risk reduction, environmental protection, and sustainable de-
velopment has become among the objectives of UNESCO. Various studies have been
conducted, and efforts supported by the Organization on the cause and prevention of
landslides. In the 1970s, UNESCO books including guidelines on landslides hazards
zonation have been published. As early as 1981 a joint project initiated jointly with the
United Nations Environment Programme (UNEP), under the title “The Protection of
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the Lithosphere as a Component of the Environment”, resulted in significant research
being carried out on landslide mitigation. Both the International Hydrological Pro-
gramme (IHP) and the International Geoscience Programme (IGCP) have taken promi-
nent roles in promoting activities related to landslides. The International Flood Ini-
tiative, which is led by UNESCO, addresses landslide risks as an integral part of hydro-
logical extremes.

The foundation of the International Consortium on Landslides (ICL), in itself, lies
within an IGCP project titled “Landslide Hazard Assessment and Mitigation for Cul-
tural Heritage Sites and other Locations of High Societal Value”. Approved in 1998,
this project served as an initial platform for the establishment of a Memorandum of
Understanding concerning cooperation in research for landslide risk mitigation and
protection of the cultural and natural heritage between UNESCO and the Disaster
Prevention Research Institute, Kyoto University, Japan.

UNESCO has been closely associated with the process that led to the establishment
of ICL in January 2002. Subsequently the UNESCO UNITWIN Programme on Land-
slide Risk Mitigation for Society and the Environment came into effect in 2003, fol-
lowed by the construction in 2004 of the headquarters building of the UNESCO/Kyoto
University/ICL UNITWIN cooperation program within the Research Centre on Land-
slides, which hosts the secretariat of the International Programme on Landslides (IPL).

Under the above-mentioned cooperative mechanisms, a number of undertakings
have been carried out, including the landslide investigation in the Inca’s World Heri-
tage Machu Picchu in Peru. Above all, UNESCO has fully participated in the adoption
of the 2006 Tokyo Action Plan on Landslides which represents a global road map for
the assessment and mitigation of landslides.

Much more recently an understanding has been reached between UNESCO and
ICL in order to cooperate in the following areas:

1. The promotion of landslide research for the benefit of society and the environ-
ment, learning and capacity-building in landslide risk reduction, notably in devel-
oping countries;

2. the integration of earth sciences, water sciences, geophysical and geotechnical sci-
ences, technology and disaster management within the appropriate cultural and
social contexts in order to evaluate landslide risk in urban and rural areas, includ-
ing cultural and natural heritage sites, as well as to contribute to the protection of
the human and natural environment, including lifelines and buildings of high soci-
etal value;

3. the promotion of some or all of the global cooperation fields that have been agreed
in 2006 Tokyo Action Plan.

UNESCO expects to enhance its contribution to the above-mentioned areas in shap-
ing its participation in the preparations and follow-up of the First World Landslide
Forum to take place in Tokyo from 18 to 21 November 2008. This participation will
build on interdisciplinary scientific work through and among UNESCO’s intergovern-
mental scientific programmes, and will capitalize further on the transdisciplinary ac-
tivities between the programmes of the Organization in the sciences, education, cul-
ture and communication.

Badaoui Rouhban

Chief

Section for Disaster Reduction
Natural Sciences Sector
UNESCO, Paris



Establishment of the Technical Journal
“Landslides” as the Successor to “Landslide News”

Landslides pose a hazard and threat in most countries. Worldwide, they annually cause
billions of dollars in damages and thousands of casualties. To counter these losses, scien-
tists and engineers are successfully conducting research that aims to investigate and miti-
gate landslide hazards. To sustain this research requires continuing communication among
researchers and those who apply its results.

From 1987-2003 this goal of communication between researchers and practitio-
ners was aided by the international newsletter “Landslide News,” which was edited,
published, and distributed by the Japan Landslide Society. Professor Sassa served as
Editor-in-Chief of this comprehensive newsletter, which was a very successful techni-
cal news publication. It reported on landslide news, landslide research, the efforts of
landslide research organizations, and news of landslide-related technical meetings.

At the first session of the Board of Representatives of the International Consortium on
Landslides (ICL), which was held at UNESCO Headquarters in Paris on 19-21 November
2002, the Board decided to launch the International Programme on Landslides (IPL). As
the first coordinating project of this new program, the Board conceived the concept of the
new scientific journal “Landslides” as the successor to “Landslide News.” This new jour-
nal was planned and activated by ICL as the international organ of scientific communica-
tion on landslides. Thereafter, extensive deliberation on the necessary financial resources,
editorial board, editorial secretariat, and publishing firm was conducted. As a result of
this deliberation, Professor Sassa was appointed Editor-in-Chief of this new journal and
Kyoto University was named as the site of the secretariat.

The first issue of “Landslides” was published by Springer-Verlag in April 2004 as the
successor to “Landslide News.” This new quarterly journal with color illustrations was
created by and for landslide researchers and practitioners as a means of communication
to promote landslide research and to contribute to landslide disaster reduction.

“Landslides” is supported by the United Nations Educational, Scientific and Cultural
Organization (UNESCO), the World Meteorological Organization (WMO), the Japan Min-
istry of Education, Culture, Sports, Science and Technology (MEXT) and Kyoto Univer-
sity. In addition to these organizations, ICL-supporting organizations and landslide ex-
perts worldwide are cooperating in writing, editing, and publishing this journal.

Publication of “Landslides” represents an important landmark in promoting re-
search on landslide hazards worldwide, and thus in the mitigation of landslide haz-
ards. The journal contributes to the development and continuance of landslide re-
search by providing an international forum for the exchange and coordination of ex-
pertise in landslide risk assessment and mitigation.

We thank Professor Sassa for his efforts as Editor-in-Chief of “Landslide News” and
its successor, the very successful technical journal “Landslides.” We wish this new jour-
nal a long life in service of the international landslide research community.

Robert L. Schuster
U.S. Geological Survey, E-mail: rschuster@usgs.gov
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Large and small landslides occur almost every year in nearly all regions of the world.
However, the number of landslides is difficult to ascertain, and even the number of
landslide-caused casualties is not correctly counted worldwide. Most casualties caused
by rain-induced landslides are included in those tabulated for hurricane or storm di-
sasters, and casualties caused by earthquake-induced landslides are often included in
those for earthquake disasters. Thus, the casualties due to landslide disasters are often
extremely underestimated. Japan has statistics of casualties by various types of land-
slides (small and large debris or rock slides, debris flows, rock falls, et al. since 1967),
even though they occurred during typhoons, earthquakes, or volcanic activities. Fig-
ure 0.1 shows the statistics of casualties caused by landslides, earthquakes, and volca-
nic activities in Japan for the period of 1967-2004. Casualties by earthquake-induced
landslides are included both in the landslide disasters and earthquake disasters. Land-
slide disasters in Japan for this period have occurred every year; the total number of
deaths (3285) due to landslides is about one half of the deaths (7008) caused by earth-
quakes, including the catastrophic 1995 Kobe earthquake. Extensive landslide preven-
tion works have been constructed in Japan. Thanks to those preventive works, the
number of casualties has gradually decreased as seen in Fig. 0.1 in spite of progress of
urban and mountain development all over Japan during those years. Although there
are no reliable data for damages, or even for casualties due to landslides in many coun-
tries of the world, Fig. 0.1 provides a clear evidence of the strong negative impact of
landslides to society. One clear difference of landslides, as compared to earthquakes
and volcanic eruptions, is that humans can prevent or mitigate many landslide phe-
nomena, while earthquakes and volcanic eruptions can not be prevented. The hazard
assessment of landslides is very effective for disaster reduction because of relatively
small affected area comparing to earthquakes and typhoons. Therefore, we can do
much for landslide disaster mitigation. In addition to human damages, landslides of-
ten destroy cultural and natural heritage, and the natural environment, which cannot

Fig.0.1.

Comparison of the numbers
of victims in Japan from
1967-2004 due to landslide
disasters, earthquake disas-
ters including deaths by
earthquake-induced-land-
slides, and volcanic disasters
including deaths due to volca-
nic gas (The data on victims
due to landslide disasters 1 ;
since 1967 were published by 1967 1972 1977 1982 1987 1892 1997 2002
the Sabo Technical Center)
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be recovered. Landslide disaster reduction, protection of cultural and natural heritage
sites, and the invaluable environment are vital factors for human society. However,
studies of landslides have not been conducted in an integrated manner, although the
phenomena are targets of many scientific and engineering fields. Landsides are a tar-
get of application of many technical fields, but they are not the major interest of any
individual field. Therefore, no national landslide society has been established, except
the Japan Landslide Society (JLS), and the very recent Nepal Landslide Society. No
international society on landslides has been established because there are only one or
two national societies.

The Japan Landslide Society was founded in 1963, and the society organized the
first International Symposium on Landslides (ISL) in Kyoto in 1972, and the second
International Symposium on Landslides in Tokyo in 1977. The Japan Landslide Soci-
ety also initiated the International Conference and Field Workshop on Landslides (ICFL)
in Tokyo, 1985. The society started to publish the International Newsletter “Landslide
News” in 1987. Five thousand copies were printed in three colors and 2 000 copies were
distributed free of charge over the world. Landslide News continued to be published
until 2003 with supports from the United Nations Educational, Scientific and Cultural
Organization (UNESCO), the Food and Agriculture Organization of the United Na-
tions (FAO), the United Nations Secretariat for International Strategy for Disaster Re-
duction (UN/ISDR). This long-term activity gradually built up an infrastructure of
international landslide community. It led to the formation of the International Con-
sortium on Landslides (ICL) in 2002 and the new journal of ICL, “Landslides”, in 2004.
The publication of journal is the essential and necessary platform to create an inde-
pendent field of science dealing with landslides. This book “Progress in Landslide
Science” aims to present an overview of the current status of research by major land-
slide researchers worldwide. This volume can be a part of series of publications of ICL
that may contribute to the education system of landslide science and landslide disas-
ter management in the future.

The International Consortium on Landslides (ICL), United Nations Educational,
Scientific and Cultural Organization (UNESCO), World Meteorological Organization
(WMO), Food and Agriculture Organization of the United Nations (FAO), United Na-
tions International Strategy for Disaster Risk Reduction (UN/ISDR), United Nations
University (UNU), United Nations Environment Programme (UNEP), United Nations
Development Programme (UNDP), World Bank (IBRD), International Council for Sci-
ence (ICSU), World Federation of Engineering Organizations (WFEOQ), Kyoto Univer-
sity (KU), and the Japan Landslide Society (JLS) have jointly been organizing the First
World Landslide Forum for Strengthening Research and Learning on Earth System
Risk Analysis and Sustainable Disaster Management within the UN-ISDR as Regards
“Landslides” which will be held in November 2008 in Tokyo. This forum will be a
milestone in developing research and learning on landslide disaster reduction. Tan-
gible progress in Landslide Science is foreseen during this process. It is hoped that this
volume will be read by partners working for landslide risk mitigation and that further
works will be published as increasingly wider support is obtained.

Kyoji Sassa
Kyoto, January 2007



Landslides and Cultural Heritage:
the Common Thread from IGCP-425 to ICL/IPL

The protection of cultural heritage from natural hazards is an issue of worldwide con-
cern that regards advanced nations and developing countries alike. The history and
identity of every people is preserved in and portrayed by the unique monuments, art,
literature, archeology and artefacts that have been created during its existence. The
destruction of this wealth would represent an irreparable loss for the whole of human-
ity. The damage caused by natural disasters is increasing steadily as both the vulner-
ability of rapidly developing urban areas and the consequences of climate change tend
to amplify the effects caused by their occurrence.

Within this framework landslides represent a major threat both for the safety of
people and for the preservation of the built environment, including many important
sites of renowned international cultural or natural value. For instance, the Mediterra-
nean area is an excellent example of this situation as the immeasurable wealth of the
entire region is often exposed to landslide hazard due to its particular topographic,
geologic and climatic settings. Although the concept of preservation has already taken
hold in many of the European nations bordering on the Mediterranean, much still has
to be accomplished as the awareness of both the cultural and economic implications
of loss is only just starting to be appreciated. The situation is rather more serious in
developing countries, where even minimum levels of both the awareness of the unique
value represented by cultural heritage and the economic, scientific and technical means
for mitigating landslide hazard are often lacking.

For these reasons, the International Geological Correlation Programme (IGCP)
project 425 titled “Landslide hazard assessment and mitigation for cultural heritage
sites and other locations of high societal value” was approved during the 26 Session
of the IGCP Scientific Board. The main objectives of IGCP-425, proposed in 1998 by
Kyoji Sassa, were to assess and mitigate the effects of natural hazards on the cultural
heritage in countries from around the world and to propose reliable, cost-effective slope
stabilization techniques suitable for use on a global scale, including developing countries.

Before ending in 2002, IGCP-425 strengthened previous projects for the preserva-
tion of cultural heritage sites carried out under the Safeguarding Campaigns of
UNESCO, in which it played a key role in protecting 26 sites of global relevance. The
IGCP-425 was set up to provide a framework for assembling the results of national
projects carried out by the individual participants (over 50 national and regional in-
stitutions and universities were involved) concerning various aspects of landslide haz-
ard that are still useful today for drawing up prevention and mitigation plans of gen-
eral validity.

In particular, the specific aims of the IGCP-425 project were:

= to develop high precision and durable slope monitoring equipment for potential
landslides in urban and rural areas, especially in relation to outstanding cultural
heritage sites;

= to develop reliable, cost-effective techniques for assessing rapid landslide motion,
delimit hazard areas and reduce damage to life, cultural heritage, infrastructures
and property;
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= to develop economical and effective slope stabilization works and disaster mitiga-
tion measures suitable for use on a global scale, including developing countries;

= to research reliable landslide hazard assessment and risk evaluation methods;

= to detect potential landslides and identify precursory phenomena.

To promote the project, UNESCO and the Disaster Prevention Research Institute of
Kyoto University, Japan (DPRI/KU) exchanged in 1999 a Memorandum of Understand-
ing concerning cooperation in research for landslide risk mitigation and protection of
the cultural and natural heritage as a key contribution to environmental protection
and sustainable development in the first quarter of the twenty-first century.

The Tokyo Declaration “Geoscientists tame landslides” was released in the 2001
UNESCO/IGCP Symposium on Landslide Risk Mitigation and Protection of Cultural
and Natural Heritage to propose an initiative that led to the creation of the Interna-
tional Consortium on Landslides (ICL) for the worldwide promotion of landslide re-
search.

This initiative derived from two observations: (1) that the specific points listed pre-
viously correspond to the main themes of landslide research in general and (2) that
the specificity of the protection of cultural heritage from landslides must necessarily
take into account not only landslide research methods but also those relative to the
study of the vulnerability and worth of the cultural and natural artifact, which entails
the involvement of other disciplines and professions. These factors led to a practical
approach in which landslides are tackled comprehensively and cultural heritage is
considered as a related, highly important field.

In 2002, during the International Symposium “Landslide Risk Mitigation and Pro-
tection of Cultural and Natural Heritage”, co-organized by UNESCO and Kyoto Uni-
versity, international experts coming from different national, scientific, and govern-
mental institutes, academic institutions, regional and international organizations, in-
ternational non-governmental organizations and United Nations organizations unani-
mously agreed and declared to launch the ICL in the 2002 Kyoto Declaration. In the
months following its launch, a great effort by the IGCP-425 leaders led to the definition
of the objectives and the structure of the Consortium, and the results achieved during
the projects were adopted as the basis for the construction of a world research pro-
gram on landslides (International Programme on Landslides, IPL) as one of the main
initiatives of the recently created ICL.

The IPL is today a pillar of the ICL and both are rooted in the initial endeavor:
IGCP-425, the objectives of which are still the guiding principles. The IPL also gave
birth to the journal Landslides, indeed one of its most important outcomes, which
hosts many papers dedicated to the topic of landslides and cultural heritage.

Paolo Canuti
Firenze, January 2007
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Chapter 1

Landslide Science as a New Scientific Discipline

Kyoji Sassa

Abstract. Landslides cause great disasters and their impact to soci-
ety is very great. Thus, they are studied in many scientific and engi-
neering fields. However, studies on landslides from various fields
have not been conducted in an integrated manner. There was nei-
ther international society, nor international journal, and the mean-
ing of landslides was not defined internationally and interdiscipli-
nary. During the United Nations International Decade for Natural
Disaster Reduction (IDNDR) in 1990-2000, landslide researchers
worldwide agreed the definition of landslides as “the movement of
a mass of rock, debris or earth down a slope” This is a basis for the
development of the study of landslides as a scientific field. This pa-
per describes the progress in landslide science as an integrated dis-
cipline together with the development of international landslide
community and a global cooperation platform as its infrastructure.

Keywords. Classification of landslides, landslide dynamics, landslide
science, ISDR, IDNDR, ICL

1.1  Definition of Landslides

Landslides are studied in many countries because they
occur almost worldwide, from high mountain areas to
coastal areas and even in marine geologic units, from very
wet or heavy rainfall areas to very dry areas, and from
seismic or volcanic areas to tectonically non-active areas.

a Complex-Disasters

b Multi-Disciplines

Some landslides are triggered by human activities, such
as road and railway construction, mining, and develop-
ment in urban and mountain areas. The landslide phe-
nomena have been studied in may countries and many
areas. Landslide studies have been conducted in many
fields of science and engineering. Landslide disasters have
been dealt with many governments, ministries, and they
are related to many other disasters. As shown in Fig. 1.1,
landslides are phenomena that involve many disciplines,
ministries, and individuals. However, landslide phenom-
ena have not been studied in an integrated way. Even the
definition of landslides, what is a “landslide”, has been
diverse in countries and disciplines worldwide.

David Varnes presented “Classification of Landslides”
by the type of material (bedrock and soils) and type of
movement (falls, slides, flows) in “Landslides and Engi-
neering Practice” (Eckel, ed.) in 1958 (Varnes 1958). This
paper presented the concept of landslides in wider mean-
ing, including debris flows, rock falls, debris avalanches,
creep, etc. However, many opinions and criticism occurred
whether land-SLIDE can include the phenomena of FLOW,
FALL and other movements. Therefore, Varnes (1978)
presented “Types of Slope Movements” in “Landslides-
Analysis and Control” using the type of material (bed-

¢ Multi-Ministries
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Fig. 1.1. Characteristics of landslide disasters (from 2006 Tokyo Action Plan; Sassa 2006)
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rock, debris, earth) and the type of movement (falls, topples,
slides, lateral spreads, flows; Fig. 1.2). The International
Geotechnical Societiess UNESCO Working Party on World
Landslide Inventory was established in conjunction with
the United Nations International Decade for Natural Disas-
ter Reduction (IDNDR). This Working Party was formed
by the Commission on Landslides and other Mass Move-
ments of the International Association of Engineering Ge-
ology and the Environment (IAEG), the Technical Commit-
tee on Landslides of the International Society for Soil Me-
chanics and Geotechnical Engineering (ISSMGE) and the
International Society for Rock Mechanics (ISRM). This
working party defined various terms of landslide features,
landslide velocities, landslide dimensions, and state of ac-
tivities (Cruden and Varnes 1996). The most important of
these factors is the definition of landslides by the Working
Parties as “the movement of a mass of rock, debris or earth
down a slope”. Namely various types of gravitational mass
movements were integrated in the category of “Landslides”.
Even some movements are not “Slide”. Cruden (1991) ex-
plained that an English word combining two words can ex-
press something different from original two words. Thus,
landslide is not always necessary to be “Slide of Land”.

Fall

20m

Flow

Fig. 1.2. Types of landslides (modified from Cruden and Varnes 1996)

Landslides were classified by the Working Party by the
type of material (rock, debris: predominantly coarse soils,
and earth: predominantly fine soils) and the type of move-
ment (fall, topple, slide, spread, flow). Basically the idea
was to return to the Varnes’ Classification of Landslides
(Varnes 1958). It was introduced by Cruden and Varnes
(1996) in “Landslides - Investigation and Mitigation”. The
definition of landslides as the “the movement of a mass
of rock, debris or earth down a slope” was widely accepted.
Itis the very important basis for the development of Land-
slide Science.

The International Consortium on Landslides (ICL)
which was established in 2002 as the first and unique in-
ternational organization dedicated to landslide research,
created a new award called the “Varnes Medal”, which
recognizes professional excellence in landslide research
and education, the basis for David Varnes definition of
the area of landslide study. The first Varnes Medal was
bestowed to Robert Schuster of the U.S. Geological Sur-
vey (Canuti 2004).

1.2 Landslide Science as a New Scientific

Discipline and Landslide Dynamics as its Core

The International Strategy for Disaster Risk Reduction
of the United Nations (UN-ISDR) was initiated in 2000
following the International Decade for Natural Disaster
Reduction (IDNDR) for 1990-2000. Landslide disaster risk
reduction is one of major task of this strategy. Landslide

“Landslide" denotes the movement of a mass of
rock, debris or earth down a slope.

Water Sciences Earth Sciences
(Meteorology, Hydrology ology, Geomorphology,
Hydraulics, e mology, Volcanology,
3godesy, etc)

Fgrest Engineering,
ining Engineering,
etc)

heritage sites and thg
environment)

Social Sciences

(Policy, Administration, Risk
Management, Recovery, etc)

“Landslide Study” is developing as a new integrated
discipline for society and the environment.

Fig. 1.3. Landslide Science as a new integrated discipline
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study by integrating knowledge obtained in many fields
of science and engineering related to landslides is impera-
tive to effectively mitigate landslide risk. Figure 1.3 pre-
sents an illustration of landslide study as a possible inte-
grated discipline. However, It necessitates at least two fac-
tors to be an independent discipline, namely its own core
study in research and an international journal to bring
together common scientific knowledge.

1.2.1  Core Study of Landslide Science

The core study in landslide research may develop as an
integrated and independent discipline, namely landslide
science. One of the initial core studies in landslide sci-
ence can be landslide dynamics because landslides have
been defined as “the Movement of a Mass of rock, debris
or earth down a slope”. Dynamics are studied in the field
of sciences dealing fluids: air, water, and other liquids.
Geology, geomorphology, and geotechnology dealing with
solids on earth do not include dynamics, at least as their
central interests. The stability analysis for the failure of
slopes is a major task for geotechnology, but post-failure
motion is not a concern because major interests are to
design construction works, such as roads, dams, and oth-
ers, in a state that does not allow failure. The tools to study
dynamics of soil masses have not been fully developed.
Sassa (1992) developed an apparatus to simulate the ini-
tiation and post-failure motion of earthquake induced
landslides. This apparatus was not well functioned to
monitor pore-pressure generation in the shear zone and
to keep a shear box in the undrained condition during
tests. The apparatus was later improved in its capability
to maintain an undrained state in the soil sample and to
monitor pore-pressure generation near the sliding sur-
face. It was applied to the Nikawa landslide triggered by
the 1995 Kobe earthquake, which killed 34 residents by
its rapid and long travel movement (Sassa 1996). By ob-
taining a special budget to investigate the 1995 Kobe earth-
quake disaster and to prevent further similar disasters, a
new advanced undrained dynamic loading ring shear
apparatus (DPRI-5 and 6) was developed (Sassa 2000).
The apparatus is called as a “ring-shear simulator of earth-
quake-induced landslides”, with capability to reproduce
5 Hz real seismic wave loading, to maintain undrained
condition in the soil sample during a maximum 224 cm s7!
velocity at the center of ring shear sample box (250 mm
inside diameter, 350 mm outside diameter for DPRI-6).
The latest version is the ring shear apparatus (DPRI-7)
which has a transparent shear box enabling the direct
observation of shearing and crushing of grains at high
speed under a high normal stress at a maximum speed
of 300 cm s™! (Sassa et al. 2004). These apparatuses,
DPRI-5,6,7, can reproduce the stress in the slope during
ground-water rise (pore-pressure increase) or during

earthquakes (seismic wave loading up to 5 Hz in both
normal stress and shear stress). Therefore, the appara-
tuses can study pore-pressure generation and mobilized
shear resistance during sliding-surface formation and
post-failure motion in various types of landslides; such
as rain-induced landslides, earthquake-induced land-
slides, transformation of debris slides to debris flows, and
enlargement of landslide masses during the process of
downslope movement. Those applications were intro-
duced in the initial issue of the new international journal
Landslides (Sassa et al. 2004). This study is one of core
studies in landslide science as a new discipline on land-
slides. Within this initial issue of Landslides, a new moni-
toring technology for landslides, the ground-based Syn-
thetic Aperture Radar system (GB-SAR), was also reported
on. SAR was originally developed as a satellite monitor-
ing method; however, this new system is installed on a
short rail on the ground in front of landslides. The radar
antenna is repeatedly moved on the short rail. Therefore,
monitoring for a short time span is possible (Antonello
et al. 2004). Application of GIS and geophysical technol-
ogy for landslide mapping and investigation, and appli-
cation of stability technology to protect the Bamiyan
Budda niches in Afghanistan were also reported in this
initial issue.

1.2.2 A New International Journal, Landslides

The publication of an international journal is imperative
for an independent discipline. Such publication requires
a stable financial background and a strong involvement
of the international scientific community to contribute
quality articles. It is not easy to create a new international
journal. The number of individuals, organizations, and
entities that are involved in landslide research are many,
as is shown in Fig. 1.1. However, the total number of pro-
fessionals studying landslides as their main interest is
small. The target of readers of new landslide journal must
be the wide variety of groups and disciplines shown in
Fig. 1.1. Therefore, the articles of the journal must be en-
joyed by those people who have not professionally stud-
ied and those who have no time to read in detail, but have
time to glance at the articles. Thus, articles in the new
journal must be something understood by a glance, and
enjoyed by looking over pages of the journal. Ideally, the
journal should be printed in full color. Mono-color land-
slide photos can neither be fully understood nor attrac-
tive. Figures must be drawn in color to present their mean-
ing immediately in an understandable way. However, pub-
lication of a full color journal is very expensive. As far as
the author knows, no full-color scientific journal has been
published without advertising, or without additional
charges for the color figures. Sassa proposed publication
of the journal “Landslides” as the initial and the life-time
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project of the International Programme on Landslides
(IPL) at the first session of Board of Representatives of
ICL held at UNESCO Headquarters on November 19-21,
2002. Publication of “Landslides” was decided to begin as
the IPL C100 project. Sassa surveyed and negotiated with
major international publication companies. Agreement
was reached with Springer-Verlag at Heidelberg, Germany.
Dr. Wolfgang Engel, the Executive Editor of Geosciences
of Springer-Verlag, was the main partner. “Landslides”
began publication in April 2004 as a quarterly journal.
The journal was accepted at Thompson ISI for coverage
in Science Citation Index Expanded from 2005. It is ex-
tremely fast to be accepted in this index after only one
year of publication. The journal is distributed through
the web at most of universities, institutes, and other or-
ganizations that have contracts to purchase web journals
with Springer-Verlag. The printed version of the journal
is distributed to ICL member organizations and others
through Springer-Verlag sales worldwide. It is said that
the journal is fulfilling the initial purpose to attract groups,
organizations, and individuals in many fields in both con-
tribution and reading. The number of pages submitted
and the quality of papers are constantly increasing.

1.3  Foundation of the International Consortium

on Landslides

Landslide science as an integrated discipline is developing
through the journal publication and progress of core stud-
ies. Asits background for the development, the International
Consortium on Landslide (ICL) and the recent development
of the international landslide community under the initia-
tive of ICL are introduced in this and the next section.

As a part of the Japanese contribution to the IDNDR
(International Decade for Natural Disaster Reduction) in
the last decade of the 20™ century, the Ministry of Educa-
tion, Culture, Sports, Science and Technology of the Gov-
ernment of Japan (MEXT) conducted international joint
research projects. The projects included the Japan-China
Joint Project “Assessment of Landslide Hazards in Lishan
(Yang-Que-Fe Palace), Xian, China”, which was proposed
by Kyoji Sassa, Disaster Prevention Research Institute,
Kyoto University. The Palace is an important Cultural
Heritage site, attracting more than three million visitors
per year. The report of the joint research clearly demon-
strated evidence of the risk of large-scale rock slide, based
on detailed monitoring and observation of two investi-
gation tunnels. The Secretary-General of the Communist
Party of the Shaanxi Provincial Government, the former
director of the Chinese Seismological Bureau, and the
honorary chairperson of the International Symposium on
Landslide Hazard Assessment, Xian, China organized by
this group understood the landslide risk at the Lishan

Palace. An extensive landslide prevention work was con-
ducted to stabilize the slope. This work was funded at a
level of three million U.S. dollars by municipal, regional,
and national governments of China. Probably this is the
first case of the initiation of extensive landslide remedial
measures at a cultural heritage site for mitigation of po-
tential landslides at the precursor stage in the world. This
investigation of landslides at the precursor stage was
evaluated as a contribution of geoscientists to protection
of Cultural Heritage.

Based on the invitation by Edward Derbyshire, Chair-
man of the Scientific Board of International Geological
Correlation Programme (IGCP), which is a joint program
funded by UNESCO and the International Union of Geo-
logical Sciences (IUGS), and encouragement by Hideo
Noguchi (Programme specialist of the Division of Cultural
Heritage of UNESCO), Kyoji Sassa proposed an IGCP project
in 1998. Then, the UNESCO-IUGS joint project, Interna-
tional Geological Correlation Programme (IGCP) No. 425,
“Landslide hazard assessment and mitigation for cultural
heritage sites and other locations of high societal value”
began. Thirty-one subprojects were proposed to join this
IGCP-425 project worldwide. This project obtained about
4000 US dollars from UNESCO and IUGS. The budget was
shared to 31 subproject leaders as a part of their travel fees
to attend the IGCP-425 meeting. This small amount of bud-
get was very effective in promoting subproject leaders and
in raising fund in their countries. Because IGCP projects
have to be terminated within 5 years, the IGCP-425 group
wished to establish its own international program on land-
slides by creating an international organization on land-
slides similar to the IUGS in IGCP program.

As a first step, a cooperative agreement was proposed
between UNESCO and the institute of the IGCP-425 leader,
the Disaster Prevention Research Institute, Kyoto Univer-
sity. This proposal was made at the International Confer-
ence “Cultural Heritage at Risk”, which was organized by
UNESCO and the IGCP-425 group at UNESCO Headquar-
ters, Paris on 20-24 September 1999. Then, the Memo-
randum of Understanding (MoU) between the United
Nations Educational, Scientific and Cultural Organization
(UNESCO) and the Disaster Prevention Research Insti-
tute (DPRI), Kyoto University concerning “Cooperation
in Research for Landslide Risk Mitigation and Protection
of the Cultural and Natural Heritage as a Key Contribu-
tion to Environmental Protection and Sustainable Devel-
opment in the First Quarter of the Twenty-First Century”
was signed by Koichiro Matsuura, Director General of
UNESCO, on 26 November and by Shuichi Ikebuchi, Di-
rector of the Disaster Prevention Research Institute, Kyoto
University, on 3 December 1999. Based on this MoU,
UNESCO and Kyoto University jointly organized the in-
ternational symposium “Landslide Risk Mitigation and
Protection of Cultural and Natural Heritage” in Kyoto.
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International

Consortium on

Landslides

Fig. 1.4. Group photo commemorating the establishment of the International Consortium on Landslides on 23 January 2005 at the Kyoto

Campus Plaza

Eight representatives of UNESCO, the World Meteorologi-
cal Organization (WMO), and the United Nations Secre-
tariat for the International Strategy for Disaster Reduc-
tion (UN/ISDR) participated in the symposium. The par-
ticipants decided to establish the ICL. The Statutes of the
ICL were adopted and the first President (Kyoji Sassa) and
interim steering committee members were nominated. By
releasing the 2002 Kyoto Appeal “Establishment of a New
International Consortium on Landslides”, the International
Consortium on Landslides was inaugurated on 21 January
2002. Figure 1.4 is a group photo of the participants.

The International Consortium on Landslides (ICL),
created during the Kyoto Symposium in January 2002, is
an international non-governmental and non-profit sci-
entific organization, which has been supported from the
beginning by the United Nations Educational, Scientific
and Cultural Organization (UNESCO), the World Meteo-
rological Organization (WMO), the Food and Agriculture
Organization of the United Nations (FAO), the United
Nations International Strategy for Disaster Risk Reduc-
tion (UN/ISDR), and intergovernmental programmes
such as the International Hydrological Programme of
UNESCO, the International Union of Geological Sciences
(IUGS), the Ministry of Education, Culture, Sports, Sci-
ence and Technology (MEXT) of the Government of Ja-
pan, the U.S. Geological Survey, and other governmental
bodies. The ICL was registered as a legal body under the
Japanese law for non-profit organizations in August 2002
by the Government of Kyoto Prefecture, Japan.

The objectives of the consortium are to:

1. promote landslide research for the benefit of society
and the environment, and capacity building, includ-
ing education, notably in developing countries;

2. integrate geosciences and technology within the ap-
propriate cultural and social contexts in order to evalu-
ate landslide risk in urban, rural and developing areas
including cultural and natural heritage sites, as well as
contribute to the protection of the natural environment
and sites of high societal value;

3. combine and coordinate international expertise in
landslide risk assessment and mitigation studies,
thereby resulting in an effective international organi-
zation, which will act as a partner in various interna-
tional and national projects; and

4. promote a global, multidisciplinary program on land-
slides.

The central activity in the ICL is the International Pro-
gramme on Landslides (IPL). The necessity of establish-
ment of a new Research Centre on Landslides to support
IPL was proposed in the inaugural meeting of the ICL
on 21 January 2002. The new Research Centre on Land-
slides (RCL) was established on 1 April 2003 in the Di-
saster Prevention Research Institute, Kyoto University
(DPRI/KU). The secretariat of the IPL is now hosted at
the headquarters building of UNESCO’s UNITWIN (uni-
versity twinning and networking) Cooperation Pro-
gramme “Landslide Risk Reduction for Society and the
Environment”, which was constructed by Kyoto Univer-
sity and the International Consortium on Landslides on
the Uji campus of Kyoto University in 2004. The rela-
tionship of ICL,IPL and RCL is illustrated in Fig. 1.5. The
ICL was briefly introduced in “Landslides” by Sassa
(2004); the full history of ICL was introduced in the pro-
ceedings of the first General Assembly of the ICL held at
the U.S. National Academy of Sciences in Washington D.C.
on 13-14 October 2005.
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Fig. 1.5.

Cooperative structure of the ICL,
IPL and RCL for global landslide
risk reduction
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1.4  Development of the International Landslide
Community: the 2005 Letter of Intent,
the 2006 Tokyo Action Plan, and

the 2008 First World Landslide Forum

The World Conference on Disaster Reduction (WCDR)
was held on 18-22 January in Kobe, Japan. At this confer-
ence, a session titled “New International Initiatives for
Research and Risk Mitigation of Floods (IFI) and Land-
slides (IPL)” was organized by the ICL, the United Na-
tions Educational, Scientific and Cultural Organization
(UNESCO), the World Meteorological Organization (WMO),
the Food and Agriculture Organization of the United
Nations (FAO), the Ministry of Education, Culture, Sports,
Science and Technology of the Government of Japan
(MEXT), the United Nations University (UNU), Kyoto
University (KU), and others. Within this session, a Letter
of Intent to promote further joint global activities in di-
saster reduction and risk prevention through “Strength-
ening research and learning on ‘Earth System Risk Analy-
sis and Sustainable Disaster Management’ within the
framework of the ‘United Nations International Strategy
for Disaster Risk Reduction’ (ISDR)” by global partners:
UNESCO, WMO, FAO, UNU, ICSU, WFEO. The Letter of
Intent can be an umbrella for all initiatives of Earth-sys-
tem risk reduction. It was approved and signed by seven
global stakeholders, as shown in Fig. 1.6.

Based on this Letter of Intent, a round-table discus-
sion was organized at the United Nations University in
Tokyo on 18-20 January 2006, in order to examine the glo-
bal plan promoting research and learning on landslides

RESEARCH CENTRE ON LANDSLIDES (RCL)

Non —
Governmental
Members

ICL Member Organizations

DPRI, Kyoto University
Founded on 1 April 2003

Other
Members

and developing the International Programme on Land-
slides as a dynamic global network. Organizers of this
discussion were the International Consortium on Land-
slides (ICL), United Nations Educational, Scientific and
Cultural Organization (UNESCO), World Meteorological
Organization (WMO), Food and Agriculture Organiza-
tion of the United Nations (FAQO), United Nations Inter-
national Strategy for Disaster Risk Reduction (UN/ISDR),
United Nations Environment Programme (UNEP), United
Nations University (UNU), Kyoto University (KU). It was
cosponsored by Cabinet Office of Japan (CAO), Ministry
of Foreign Affairs, Japan (MOFA), Ministry of Education,
Culture, Sports, Science and Technology, Japan (MEXT),
Ministry of Agriculture, Forestry and Fisheries of Japan
(MAFF), Ministry of Land Infrastructure and Transport,
Japan (MLIT), Ministry of Foreign Affairs, Italy, Italian
Civil Protection Department (Presidency of the Council
of Ministers), Ministry of Environment of the Slovak Re-
public, Ministry of Environment of the Czech Republic,
National Emergency Management Agency of Korea, Sci-
ence Council of Japan (SCJ), Japan International Coop-
eration Agency (JICA), International Union of Geologi-
cal Sciences (IUGS), Academy of Forest, Wood and Envi-
ronment, Japan (AFWE),and Japan Landslide Society (JLS).

The Honorary Chairpersons for the round-table dis-
cussion were Salvano BRICENO (Director of UN/ISDR),
Hosny El-Lakany (Assistant Director-General of FAO),
Walter ERDELEN (Assistant Director-General of UNESCO),
Michel JARRAUD (Secretary-General of WMO), and
Kazuo OIKE (President of KU). The Chairpersons were
Hans van GINKEL (Rector of UNU), Yoshiaki KAWATA
(Director of Disaster Prevention Research Institute of
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Fig. 1.6.

Letter of Intent strengthening
research and learning on “Earth
System Risk Analysis and Sus-
tainable Disaster Management”
within the framework of the
United Nations International
Strategy for Disaster Risk Re-
duction (ISDR)

LETTER OF INTENT
“United Nations World Confi on Disaster Reduction (WCDR)", Kobe, Japan, 18-22 January 2005

This ‘Letter of intent’ aims 1o provide a platform for a holistic approach in research and leaming on ‘Integrated Earth system risk analysis and sustainable
disaster management’.

Rationale
+ Understanding that any discussion about global sustainable develop without add g the issue of Disaster Risk Reduction s incomplete;
«  Acknowledging that risk policies including warning systems related to Natural Hazards must be improved or established;
«  Underlining that dusasters affect poor people and d ing countries disprof
« Stressing that after years of under-investment in preventive scientific, technical and communicational infrastructure activities it is ime to change
course and develop all activities needed to better understand natural hazards and to reduce the v notably of developing to
natural hazards, and
» Acknowledging that a harmful deficiency in coordination and

ts related to Disaster Risk Reduction exists.

Proposal
Representatives of United Nations Organisations, as well as the Scientific (ICSU) and Engineering (WFEQ) Communities propose to promote further joint
global activities in disaster reduction and risk prevention through

Strengthening research and learning on ‘Earth System Risk Analysis and i Disast t' within the

framework of the ‘United Nations International Strategy for Disaster Risk Reduction’ (ISDR).

More specifically it is proposed

based on the existing structural framework of the ISDR and plan of action of the UN-WCDR, as well as other relevant networks and instdutional and
international expertise,

to establish specrﬁc. goal- onenhed ‘Memoranda of Under

ding’ (MoUs) bet international stakeholders targeting
Di: Risk R for I ing on landslide risk reducti

and other natural hazards.

Invitation
Global, regional and national competent institutions are invited to support this initiative by joining any of the specific MaUs following this letter through
participation in clearly defined projecis related to the issues and cbjectives of any of the MoUs.

Signatories:

) | e /

Mr. Koichire Matsuura d‘lel Jarraud Mr. Jacques Diouf Mr. Sdlvano Bricefio
Director-General Se: ary-General Director-General Director
United Nations Educational, World Meteorological Food and Agriculture UN International Strategy
Scientific and Cultural Organization Organization of the United for Disaster Risk Reduction
Organization Nations

4 AR 2005 12,3, amS tq.01os”
Date Date Date

@;M‘ s ,glgu. n'_);/_&r —

Mr. Hdns van Ginkel Ms. Jane Lubchenco
Ry

ector President Executive Director
United Nations University International Council for Science World Fed of Engineering Org
J4.et.0 2. 04. 65 2/ 1] yoss”
Date Date Date

The International Consortium on Landsiides (ICL) proposed the “Letter of Intent” at the thematic session 3.8 “New International Initiatives for
Research and Risk Mitigation of Floods (IFl) and Landslides (IPL)" of the United Nations World Conference on Disaster Reduction held on 19
January 2005 in Kobe, Japan. This is the Letter of Intent, which was electronically combined based on the original Letters of Intent. formally approved

and signed by all parties. All of the onginal Letters of Intent with sig are i in the of the |
Landslides which is located in the Research Centre on Landslides of the Disaster Prevention Research Institute, Kyoto University

Consortium on

Secretariat : Research

Web: hitp://ICL dopri kyolo-

International Consortium on Landslides

Centre on Landslides, Disaster Prevention Research Institute, Kyoto University, Kyoto, Japan
u.acjp, E-mail: jimu@landsfide dpri kyato-u ac jp, Tel: +81-774-38-4110, Fax: +81-774-32-5597

Kyoto University), Badaoui ROUHBAN (Chief, Section for
Disaster Reduction of UNESCO), and Kyoji SASSA (Presi-
dent of ICL, Director of Research Centre on Landslides
(RCL/DPRI-KU)). As the result of the discussion, partici-
pants adopted the 2006 Tokyo Action Plan Strengthening
Research and Learning on Landslides and Related Earth
System Disasters for Global Risk Preparedness. The ac-
tion plan is outlined from its preface: The 2006 Tokyo
Round Table Discussion “Strengthening Research and
Learning on Earth System Risk Analysis and Sustainable
Disaster Management within UN-ISDR as Regards Land-
slides”-towards a dynamic global network of the Inter-
national Programme on Landslides (IPL) was held at the

United Nations University, Tokyo, from 18-20 January,
2006 to formulate a framework for cooperation and to
identify focus areas to reduce landslide risk worldwide.
The action plan was adopted as a summary of the meet-
ing, to be implemented within the scope of the Hyogo
Framework for Action 2005-2015,“Building the Resilience
of Nations and Communities to Disasters”, declared at the
United Nations World Conference on Disaster Reduction
held in Kobe, Japan, in 2005. The full action plan is at-
tached in the appendix of this volume.

The Tokyo Action Plan proposed the World Landslide
Forum. Capitalizing on the competence, international
experience, and established organizational network of
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ICL-IPL, this forum was proposed to create a global in-
formation platform for future joint activities of the
world-wide landslide community. The World Landslide
Forum that shall convene every 3 years. The first World
Landslide Forum is planned to take place in 2008, bring-
ing together academics, practitioners, politicians, et al.,
to a global, multidisciplinary, problem-focused platform.
The organization is in progress, and as of 15 December
2006, the dates, venue, organizers, and major members

of the organizing committee were decided. The organiz-
ing committee and their members consist of all related
United Nations Organizations, global stakeholders re-
lated to this issue, landslide research groups and indi-
vidual landslide experts. This first World Landslide Fo-
rum will assemble for four days and will extensively dis-
cuss the progress of research and learning to mitigate
Earth system disasters, focusing on landslides. This fo-
rum can be the second step for the global development
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of the landslide research community and the progress of
as a new scientific discipline on landslides, namely “Land-
slide Science”. The already confirmed structure of the
Forum is attached at the end of this article. Those who
are willing to contribute to the development of research
and learning on landslides and other Earth system di-
sasters in the framework of the United Nations Interna-
tional Strategy for Disaster Risk Reduction (UN-ISDR)
are requested to join this forum. Any groups or any or-
ganizations are invited to propose and organize various
types of session, workshops, or symposia to promote re-
search and learning on landslides and other related
Earth-system disasters in this forum. Rooms and facili-
ties will be organized by the organizing committee.
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Chapter 2

An Overview of Landslide Problems in the British Isles, with
Reference to Geology, Geography and Conservation

Edward N. Bromhead* - Maia L. Ibsen

Abstract. An overview is presented of the landslide problems expe-
rienced in Britain, and their primary causes. Principally, landslides
occur in Britain where the strata are argillaceous and there is suffi-
cient topographic relief. This combination occurs in swathes through
the southern and central parts of Britain and along the lengthy
coastline. In these parts of Britain, the main rock types are sedimen-
tary, and they often exhibit low angles of dip. This gives rise to the
occurrence of compound landslides, often with a bedding-con-
trolled flat basal shear surface. Issues relating to this type of land-
slide are discussed in the article, which concludes with a discussion
of the conflicts between interests of land users and the need for
conservation, especially in some areas that are of significant inter-
est in the history of the geological and other sciences, and to re-
search in the present day.

Keywords. Bedding, slip-surface, landslide distribution

2.1  Introduction

The British Isles contains geomaterials from most of
the geological record, and is one of the locations where
major steps were taken in unravelling earth history in
the early years of the geological sciences. This is evident
in the many names which emanate from the British Isles
within the geological time scale: these names range from
the names of tribes resident in Britain 2 millennia ago
(Ordovician, Silurian) to the names of particular locali-
ties (e.g., Devonian, London Clay), and in this respect,
the country is grossly overrepresented in geological
nomenclature. In general terms, the rocks are oldest in
the north of Scotland, and in the west, although episodes
of glaciation have emplaced a variety of soils of glacial
origin to add interest to the landscape by putting an
irregular veneer of weak soils over the oldest and stron-
gest rocks. The southern half of the main island (England,
Scotland and Wales) of the British Isles is composed of
weak Mesozoic and Tertiary sedimentary rocks, and
these usually give rise to the most interesting of the

landslides.

* The corresponding author of each chapter is marked with an
asterisk.

The native inhabitants of Britain think that their is-
lands are generally wet, and that this is the main factor
governing slope instability, but the appearance of wetness
comes not from the total rainfall, but from its generally
all year round occurrence, and the absence of a long dry
season to generate a build up of soil moisture deficit. In-
deed, although changes in rainfall are a major factor in
activation and reactivation of landslides, a survey of land-
slides in the literature revealed (Jones and Lee 1994; DOE/
GSL 1987) that the majority of the recorded instances were
associated with erosion along the coastline (especially
where argillaceous rocks and soils formed sea cliffs of
moderate height); along the outcrops of clays of Meso-
zoic and Tertiary age, which sweep across country in sev-
eral well-defined bands (Fig. 2.1); in the Coal Measures (Car-
boniferous); and with a few areas where glacial erosion, and
to a lesser extent, river erosion have oversteepened inland
valleys - again, in the clay strata, and where glacial materi-
als have been cut into by stream or coastal erosion.

A further factor affecting the coast is rising sea level
during the past few millennia, and the consequent increase
in erosion rates, so that with only a comparatively few
exceptions, the most active landslides are found on the
coast where the slide-prone strata are intercepted by the
evolution of the coastline. Inland, several generations of
transportation technologies (roads, canals, railways and
roads again) have cut swathes through the landscape, and
these have generated first-time failures in both cut and
fill slopes (some of which merit designation as “engi-
neered” slopes) and have reactivated ancient slides, again,
where they cross the outcrops of the most slide prone
strata. Failures in “engineered” slopes either involve the
reactivation of fossil (usually periglacial) landslides, or
are generally similar to first time failures in natural slopes,
so the inclination of British practitioners is not to rigor-
ously separate natural slopes from man made ones, and
that approach is followed here.

Landslides are not confined to particular types of
geomaterials, but given a steep enough and high enough
slope, together with an input of water and in some cases,
ground accelerations due to seismicity (uncommon, but
not completely unknown in Britain), landslides of vari-
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Fig. 2.1.

Sketch map of Britain, showing
principal geological units and
the landslides found in a survey
of the literature (Jones and Lee
1994; DOE/GSL 1987). Main
locations mentioned in the text
are also shown
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ous types occur in every rock type. As a result, the usual
initial classification of geomaterials on the basis of their
origin (igneous, sedimentary, metamorphic) is less use
than it might at first seem.

The geotechnical engineer usually finds it convenient
to divide geomaterials into “rocks” and “soils” largely on
the basis of the ease with which they can be excavated,
and developments in the power of excavation plant have
made this junction rather indistinct. The landslide spe-
cialist may well consider a classification based on whether
or not stability is conditional principally on failure
through pre-existing discontinuities or through the mass
of material between discontinuities as respectively indi-
cating that the material is a “rock” or a “soil”.

2.2 Strong Rocks and
Discontinuity-controlled Slope Instability

Vulcanism in Britain is ancient, and there are no loose
pyroclastic deposits susceptible to slide or flow mecha-
nisms, so that in Britain igneous rocks are usually seen
as strong rocks. Most igneous rocks contain joints and
other discontinuities resulting from cooling and subse-
quent regional tectonic stresses. The resulting joints have
close to moderate spacing, resulting in comparatively
small block sizes when falls occur. A good example of
this is the Whin Sill (Fig. 2.2) of columnar-jointed eclog-
ites intruded into limestones of Carboniferous age, and
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Fig.2.2.

The Whin Sill is formed from
rocks with columnar jointing,
and exhibits scree slopes, al-
though the rock blocks have
been exploited for building for
two millennia, not least in the
construction of a defensive wall
in the 27 century AD which still
remains (albeit in ruins) at the
crest of the cliff

Fig.2.3. Kilkenny Fault
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forming a pronounced outcrop across northern England.
This was exploited by the Roman Emperor Hadrian for
part of his wall (2 century AD) separating the barbar-
ians to the north from the civilized south. Angular frag-
ments of rock, falling few at a time, tend to accumulate
in scree slopes, as seen in the photograph, and provided
that care is taken to avoid the areas of highest impact
risk, generally pose little problem.

Occasionally, Tertiary lavas have capped some depos-
its of Mesozoic rocks (e.g., the Jurassic clays of the Lias
in the Isle of Skye forming the Trotternish landslides),
so that the resulting landslides are compound block slides
with strong caprocks, but these are few and far between.

What passes for a mountain even in the highest parts
of Britain would be seen as a hill in many other parts of
the world, and the relief is not conducive to the for-
mation of large landslides in the stronger rock types. In
consequence, large landslides in Britain are often slow
moving.

X \
150 Slip surface Glacial deposits
BS = Brithdir Sandstone

2.3 Weak Rocks and Strong Soils

Glaciation appears to have removed any areas of deep
weathering, and so problems of, for example, the appear-
ance of clays in weathered granites such as plague Hong
Kong are not experienced. However, materials of glacial
origin are found in most of the upland, and some low-
land, areas in northern and central Britain,and these prove
to be susceptible to being involved in debris flows. Natu-
rally-occurring large debris flows are unusual, although
failures in mine waste tips in coal mine and china clay
waste have provided examples, including the Aberfan
mine waste tip landslide in October 1966 that generated
by far the UK’s highest toll of casualties — 144 - as fatal-
ity-inducinglandslides are not unknown, but tend to cause
the loss of one or two lives per incident.

Many of the mudrocks of the late Paleozoic, Mesozoic
and the Tertiary are comparatively weak, and fall in that
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transitional group of “weak rocks or strong soils”. Per-
haps the oldest of these in Britain are the Coal Measures
(Carboniferous),best known from its outcrop in the Welsh
Coalfield, an upland syncline in south Wales cut through
by numerous valleys, and therefore exhibiting landslide
after landslide in essentially the same strata on both sides
of, and throughout the length of, each valley (Siddle et al.
2000). The downfaulting present in many of the valleys
leads to the weak beds forming a “staircase”, so that land-

slides with a step-form of basal slip surface are found.
Perhaps the best known example of this from the litera-
ture is the Taren landslide (Kelly and Martin 1985; Fig. 2.3)
reanalysed in 3D by Bromhead and Martin (2004).
Similar staircase forms are found in many slopes, not
generated by down-faulting of the critical beds, but where
slipping drapes shallow mudslide debris over a slope with
a series of more competent beds, for example, as found in
the East Cliffs at Lyme Regis (Clark et al. 2000). These

Fig. 2.4. Landsliding in the coastal cliffs of Barton on Sea (Barton et al. 2006). Several weak zones in the mainly clay sequence are exploited
for basal shear surfaces of the slides, most of which are “perched”, i.e. daylight in the cliff. This length of coastal slope has been exempted
from slope stabilization in view of its geological interest
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Fig. 2.5. A major bedding controlled landslide at St. Catherine’s Point, Isle of Wight (Hutchinson et al. 1991). The slip surface is located in a
thin clay layer, which is below sea level. Geological sequence is primarily mid to lower Cretaceous in age. Dips are seaward
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staircase sequences are very common, with numerous
small steps, or fewer large steps. Examples with fewer steps
are seen in the Barton Beds (Barton 1977, 1984; Fig. 2.4),
and in the SW coast of the Isle of Wight (Hutchinson et al.
1985), although in these cases the more competent beds
are weak sandstones, often of “locked sand” and not the
thin muddy limestones of the Lias.

Such landslides that owe their overall morphology to
one or a few slide prone horizons in a complicated se-
quence of beds are commonly termed “bedding-con-
trolled slides” (Bromhead and Ibsen 2002). In exceptional
cases, the staircase landform and matching basal slip sur-
face is involved in a massive landslide involving displace-
ment often a deeper bedding surface, usually through a
plastic clay layer, as in the case of the St. Catherine’s Point
landslide on the Isle of Wight (Hutchinson et al. 1991;
Bromhead and Ibsen 2002 - see Fig. 2.5), although equally,
there are instances of such landslides occurring not as a
few blocks, but as many successive more rotational slides,
as at Folkestone Warren (Hutchinson et al. 1980). How-
ever, bedding-control of the basal shear is a well-estab-
lished phenomenon. Indeed, the Skye landslides are best
understood as bedding-controlled and thus compound
landslides with a massive caprock.

Naturally, the presence of caprocks permit the mul-
tiple block nature of many of these deep seated bedding
controlled landslides to be more readily understood than
where they occur in single lithologies, although the same
general processes occur in the coastal London Clay cliffs of
North Kent (Bromhead 1978; Dixon and Bromhead 2002).

Bedding controlled basal shear locations are not con-
fined to natural slopes, but occur commonly in cuttings,

Fig. 2.6. .
The world’s first cast-iron bridge '
across the Ironbridge Gorge

(a modern name) is threatened
by slope movements from both
sides of the gorge. A concrete
structure has already been built
in the riverbed

especially for railways (which are often steeper and deeper
than the corresponding road cuts). Examples about in the
literature, from as long ago as the mid nineteenth century
(Gregory 1844), through the “golden era” of London Clay
and Imperial College slopes research (Henkel 1957) right
through to modern times (Kovacevic et al. 2003).

2.4  Erosion

The dominant form of erosion experienced in the UK is
coastal erosion. Sea level has been both slightly higher,
and substantially lower, in the comparatively recent past.
Raised beaches at Black Rock, Brighton, and on the Isle of
Portland, attest to a sea level 6 or 7 m higher during a
particular time in the Pleistocene than at present, and sea
levels have been much lower in the historic past. For ex-
ample, the maps of the Italian Coastline by Margottini
and Vai (2004) show a sea level 100 m lower than present
as recently as 22 * 2 ka BP, and those few meters higher
around 8 + 1 ka BP. Hutchinson and Bromhead (2002) re-
produce a sea level rise curve which shows 15 m of rise in
the past 8 millennia. There is conflicting evidence of pre-
cise levels, positions of the coastline, and dates, but the
overall picture is one of the sea level lowering and aban-
doning coastal cliffs, which were then able to degrade sub-
aerially with extensive aprons of slide debris at the toe,
before being caught up in rising sea level and the buried
sea cliff being re-exhumed from underneath its covering
of landslides. Such coastal slopes are far from being in
equilibrium, and are thus subject to rapidly worsening
stability as the slope toes are eroded.
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Inland, glacial erosion has oversteepened slopes in
many upland areas, and combined with stream or river
erosion, in some cases by streams rejuvenated by lowered
sea levels, has had further effects. In the Ironbridge Gorge,
where the river Severn leaves a formerly ice-dammed lake
(only the river meander across the sediments of the lake
bottom attest to its former extent) to pass through a gla-
cial lake erosion channel, the resulting cut through Coal
Measures (which is still eroding at the present time) has
led to landsliding on both sides of the valley. This gorge
exposed all the necessary minerals for iron smelting (iron
ore, limestone, low-sulfur coal and fireclay for refracto-
ries) in close juxtaposition, and the area became the fo-
cus for the industrial revolutions. Inevitably, the stability
of the area was further compromised by underground
workings and surface spoil heaps, as is everywhere that
the Coal Measures have been mined underground. Move-
ment of the as-yet incompletely understood landslides
threatens the historic Ironbridge (Fig. 2.6), the world’s first
cast-iron bridge. (This bridge was assembled with wedges
and dovetail joints, because it predated the regular appli-
cation of bolts or rivets in structural work!). Erosion of
these types and slope movements pose problems in the
conservation of historic sites and monuments, although
equally and paradoxically, some locations are of high cul-
tural value due to erosion. Perhaps the best example of
this is the designation of the Dorset Coast as a World
Heritage site, on account of its historic role in the devel-
opment of the geological sciences.

2.5 The Coastline of South Eastern Britain

The coastline of Southeast Britain is formed in sedimen-
tary rocks of Jurassic, Cretaceous and Tertiary age, the ma-
jority of these deposits contain thick strata of mudrocks,
which have very low angles of dip. Where these strata are
appropriately exposed, particularly at the foot of a coastal
slope, they give rise to landslides where all or part of the
sliding surface follows a single bed of mudrock. Where
the dip of the bedding is steep, such landslides are re-
ferred to as dip-slope failures, and they are usually trans-
lational. However, landslides where the basal sliding sur-
face is controlled by the location and orientation of a single
argillaceous bed in the sequence are better termed “bed-
ding-controlled landslides” and they are usually com-
pound slides. In addition, where coastal slopes contain sev-
eral layers of mudrocks, geometrically similar landslides
may occur with perched slide surfaces breaking out at a
higher level within the slopes. Landslides with strong bed-
ding-controlled basal shear surfaces are the predominant
form of instability along the Southeast coastline of Britain.

In this part of Britain there are numerous coastal towns,
which are on, or near, these active landslides. As a conse-
quence of the various threats posed by these landslides,

such as cliff retreat or the movement of built-up areas,
detailed studies of many of the landslides have been un-
dertaken. Such studies have revealed the control exerted
on landslide morphology by geological structure. Often,
bedding has a low angle of dip, and such geological con-
ditions usually give rise to a graben like structure or mul-
tiple/successive rotational slips. Successive failures lead
to a regular, stepped pattern in the landscape. A graben is
the zone of subsidence adjacent to the detachment sur-
face of a landslide. As well as subsidence, there may also
be block rotation and disruption in this zone.

Studies of aspects of the groundwater behavior, in par-
ticular its response to weather and to erosion rate, have
provided deep insights into the mechanics of failure and
of post-failure movement. However, the geological struc-
ture provides the primary control on slip surface posi-
tion. Slides may take place where the beds dip strongly
out of the slope, i.e. coastward or valleyward, or where
the dip is gently out of the slope. Paradoxically, they can
also occur where the dip is into the slope, but only when
the dip is comparatively gentle, since a steep dip into the
slope inhibits sliding. The loose terms ‘steep’ and ‘gentle’
when applied to dip are relative to the mechanical prop-
erties of the soils and rocks involved. For the purposes of
this paper, the boundary between the two occurs at a dip
equal to approximately half of the residual angle of shear-
ing resistance. In addition, a very steep dip is above about
half of the peak angle of shearing resistance.

A major contribution to landslide science from Brit-
ain is related to the understanding of the interplay be-
tween geological structures and the internals of the land-
slide systems that result, together with an understanding
of the morphology of the topographic surface. The prin-
cipal factor is the existence of a low-angle clay bed in
which the main basal shear surface can form. In one or
two rather exceptional cases, this follows the line of an
unconformity. There are therefore numerous similarities
between sites that have been studied, and broad correla-
tions may be identified. However, the precise mechanics of
each landslide are different, affected by local dips, folding,
faulting and lithologies. Indeed, the position within the
coastal cliff at which the clay beds are found, has an im-
portant role in governing, inter alia, the response to toe
erosion, itself a variable due to the differing degrees of
exposure to marine action around the coastline. Some of
these differences are drawn out in the following sections.

2.6  Bedding-Control of Slip Surfaces

The development of the ‘slip circle’ by Petterson (1955),
although a great advance in the understanding of the
mechanics of slope failure, locked engineers into a
mindset which ignores the role of geological structure on
slope failure. Petterson himself merely simplified the ge-



Chapter 2 - An Overview of Landslide Problems in the British Isles, with Reference to Geology, Geography and Conservation 19

ometry of rotational slope failures after Collin (1856)
whose elaborate spiral shape curve-fitting exercises ig-
nore the geological control which is evidently present even
in thick comparatively uniform strata of mudrocks. By
contrast, Gregory (1844) clearly indicates the presence of
a slip surface aligned to bedding in his failed slope sec-
tion even if it is not referred to explicitly in his text.

Terzaghi and Peck (1948) classified slip surface posi-
tions as ‘slope failure’, ‘toe failure’ and ‘base failure’
(Fig. 2.7a) where the emergent slip surface position is re-
spectively on the slope face, precisely at the toe of the slope,
or where the slip surface is sufficiently deep-seated to
emerge beyond the toe of the slope. His sketch was drawn
in terms of “slip circles”, and a redrawing of the figure to
include bedding-controlled landslides creates the variant
shown in Fig. 2.7b according to Ibsen and Bromhead (1999).
Note that in this figure the dip of the beds is zero, Similar
diagrams could be drawn with non-zero dips, both in a sea-
ward sense and in a landward one (for a coastal slope).

Reasons cited in an extensive research of the literature
on these landslides for the occurrence of bedding-con-
trolled slide surfaces include:

a zones of high plasticity or liquid limit in which the slide
surface forms;

b change in rigidity above a hard band, causing local-
ized strains to occur under stress relief;

¢ perched water table conditions resulting from a change
in permeability;

d basal erosion cutting down to a limiting horizon (hard
band).

Various authors have speculated that slip surfaces
develop in the unsheared ground at or about the base of
a cut slope, thus providing a pre-existing slip surface to
be followed by a major failure. Attempts to model or
detect such a developing surface have been made on
numerous occasions, with varying degrees of success.
Such a feature has been found in practice by Burland et al.
(1977), and by Cooper et al. (1998). Both of these slopes
were in pits where overconsolidated clays were extracted
for brick making, but the principle is otherwise the same.
In no natural slope or coastal landslide case has the
necessary field instrumentation been installed or moni-
tored, although modeling by both limit equilibrium and
finite element methods is strongly indicative of such a
development.

The evidence as to whether such a basal slide surface
is the result of a specific lithology in the geological se-
quence is mixed, with strong support only at Folkestone,
where the slip surface location of the Folkestone Warren
landslide complex is clearly associated with a band of high
liquid limit clay. No doubt even extremely subtle litho-
logical differences may provide the necessary conditions
for slip surface formation.
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/ slip surface location
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Toe failure
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at toe™ :
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Fig. 2.7. Toe breakout position in the slope for different types of land-
slide. Terminology in (a) by Terzaghi and Peck (1948), and (b) by
Ibsen and Bromhead (1999)

2.7  Slides in Strata with Low Angle Dips
Landslides where the bedding surfaces follow strata with
low angles of dip are common in Southeast Britain, not
merely on the coast. A cross section of a slope failure in a
railway cutting is given by Gregory (1844) of a landslide
that occurred in 1841 in a railway cutting at New Cross in
south London. He describes the slip surface as “glass like”,
and clearly shows it following the bedding (Fig. 2.8),which
here is sub-horizontal and is clearly recognisable as it is
the transition between the weathered and unweathered
beds of the London Clay. Much more recently, Cooper et al.
(1998) created a small landslide in Gault Clay in a pit dug
for brick-making at Selborne. Their failure (Figs. 2.9 and
2.10) followed the bedding a little above the toe of the
slope, and the slip surface could also fairly be described
as glass like if one refers to the reflectivity and polish (not
transparency).

However, failures in cut slopes are likely to be cleared
away during remedial works. Failures in natural slopes,
especially along the coast, are rather more permanent fea-
tures of the landscape.

At Red Cliff (Bromhead and Ibsen 2003), Folkestone
(Hutchinson et al. 1980) and Herne Bay (Bromhead 1978),
the basal slip surface locations are close to the base of the
clay stratum in which they have formed. This has given
rise to speculation that the slip surface has formed where
the differential shear strains are concentrated. In such a
case, the basal shear surface location could result from
stress-relief related expansion of the slope following ero-
sion. At other locations, notably Gore Cliff, Bromhead et al.
(1991), and the Roughs, Hythe, Bromhead et al. (1998),
the critical slip surface location lies, as at Selborne, in the
middle of a thick stratum and is not easily correlated with
any major lithological change. Chandler (1984) does im-
plicate a change in plasticity for the location of the slip
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surface at Gore Cliff. The dip at Red Cliff, as in a number
of other coastal localities, is into the slope. For the low
angles of dip present over most of the area, such a dip
direction does not significantly inhibit slide development,
although it clearly has an effect in stability analysis, since
where the slide behavior is dominated by its basal shear,
each 1° of dip adds or subtracts the effect of approximately
1° to the mobilized angle of shearing resistance ¢'. Over

Counterscarps and
internal shears

_ Original surface of ground ————
East Slope West Slope /

"Brown" weathered
London Clay

"IBiue;‘l: L;;l\‘n‘.:e‘;t-ﬁered on Clay

Woolwich & Reading Beds

Fig. 2.8. Slide in a railway cutting at New Cross (after Gregory 1844).
The basal shear surface was described as “glass-like”. It follows a bed-
ding surface at the base of the London Clay formation

Fig.2.9.

Slope failure at Selborne in-
duced by groundwater recharge.
The slip surface breaks out above

a long enough period, however, coastal retreat will en-
counter significantly different geological structures, with
a consequent change in landslide activity and the rate of
coastal retreat.

For landslides primarily in debris, it has been specu-
lated that the process of basal incorporation, Hutchinson
(1972), may occur until numerous mudslides or debris
slides scour down to a common basal level. This is in-
consistent with some of the mechanisms which pre-shear
a particular horizon. Basal incorporation appears to be
a major factor with large and active mudslide systems,
and these appear to be able to gouge down through hard
bands in the sequence, and easily cut through pre-exist-
ing bedding-controlled basal shear zones. Underneath
existing landslide accumulations, particularly when they
are inactive for long periods, the processes of softening
and weathering may continue. The slip surface is not a
significant barrier to this and it is not surprising, there-
fore, that the basal shears of bedding-controlled land-
slides are rather easier to find in active landslides than
in quiescent ones, or in some abandoned slopes. This may
appear to contradict the observation of basal erosion or
basal incorporation, where the materials underneath the
slide surface of a mudslide are softened and sheared out
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as the mudslide develops. Such basal erosion, scouring
down to a common horizon in many, closely adjacent or
superimposed mudslides, might be the reason for the
occurrence of bedding-controlled landslides where fur-
ther penetration is inhibited by a strong horizon (e.g., a
limestone in the Lias), but this is improbable where any
thickness of mudrock separates the strong bed from the
slip surface. Indeed, mudslide cascades appear capable
of cutting down through virtually any geology if they
are active enough.

2.8 Grabens and Graben Geometry

Bedding-controlled slip surfaces, especially where dips
are low, give rise to the development of grabens at the
head of the slide. A part of the slide mass moves largely
in a downwards direction and may rotate slightly, how-
ever, the bulk of the slide mass travels in a different
direction, along the line of the bedding, and there has
to be an accommodation displacement between these
two major parts of the landslide. This often takes the
form of a shear surface, and thus a counterscarp or
antithetic scarp (Cruden et al. 1991) appears in the sur-
face morphology.
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Fig. 2.11. Sketch cross section of the graben-type compound land-
slide at Red Cliff, Dorset

Fig.2.12.
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