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Overview

One of the major natural disasters to strike the South Asian
countries with recurring frequency, the landslides cause enor-
mous amount of economic loss to the SAARC member states
in addition to inflicting loss of life to the affected communities.
Rapid urbanization in these countries added with other ele-
ments like upscaled deforestation, unstable slope conditions in
many parts, inherent failure planes present in the rock units and
high precipitation are some of the controlling factors for caus-
ing landslides in these countries. The current science and prac-
tice of landslides risk management in South Asia is far removed
from the state-of-art tools and techniques of landslide mitiga-
tion and management. Although such tools have been applied
in few areas to protect vital slope and infrastructure, applica-
tion of such tools in engineering practices are not generally con-
templated due to capacity and cost constraints. No much suc-
cess has been achieved in developing region and location specific
cost effective solutions. While technical and operational
guidelines have been developed for landslide risk mitigation
in a few countries and some innovative and solutions have been
implemented in some places, sharing and exchange of learning
and good practices among the countries of the region are almost
non-existent. Scientists, engineers and environmentalists from
South Asia have been making significant contributions on land-
slide research in many institutions in the region and outside, but
a South Asian forum of landslide experts is not in place to learn
from each other’s experience and collaborate with regional and
global institutions. In short, there are many shared interests and
large gaps in landslide risk management in South Asia which of-
fers huge scope for regional cooperation among the countries of
South Asia.

The recent statistics show that the loss of life due to landslides
in South Asia is a matter of serious concern in South Asia. In the
year 2010, Bangladesh suffered the maximum loss of life (29%),
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K . Figure 2. People killed in South Asia between
classifications scheme used 2007 and 2010 due to landslides
to describe landslides in the (SDMC 2010).
region are non-uniform. Individual, organization and academic
institutions have been using different terminologies and classi-
fication schemes to describe small to large landslides, which has
put more difficulties, ambiguities and complexities to describe
individual landslide. Similarly, for landslide hazard mapping
there is no uniformity on scale, methodology and parameters to
be considered. Therefore, for the systematic study of landslide
and hazard zonation mapping, there is a need of development
of common procedure to use terminology, classification scheme
and mapping methodology. In this context, SAARC Disaster
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Management Centre (SDMC) is proactively working on landslide
hazard. The proposed expert group meeting is one of the prepa-
ratory works to bring common consensus among the scientist,
researcher, professional and disaster manager on landslide ter-
minology, classification and hazard zonation mapping and tem-
plate development for documentation.

Landslide studies in south Asia has not received required
focus. The study of individual slide and basin and region wise
studies have been initiated in the early eighties. The definition,
terminology, and classifications scheme used to describe land-
slides in the region are non-uniform. Individual, organization
and academic institutions have been using different terminolo-
gies and classification schemes to describe small to large land-
slides, which has put more difficulties, ambiguities and com-
plexities to describe individual landslide. Similarly, for landslide
hazard mapping there is no uniformity on scale, methodology
and parameters to be considered. Therefore, for the systematic
study of landslide and hazard zonation mapping, there is a need
of development of common procedure to use terminology, clas-
sification scheme and mapping methodology.

SAARC Road map on landslides

In order to review the current strength and capacity of the
South Asian countries for landslide risk management, assess the
critical gaps, identify the possible areas of regional coopera-
tion and develop a Road Map for such cooperation in short,
medium and long time frame, the SAARC Disaster Manage-
ment Centre organized a Workshop on Landslide Risk Manage-
ment in South Asia on 11-12 in Thimphu, Bhutan in collabora-
tion with the Ministry of Home and Cultural Affairs of the Royal
Government of Bhutan (SDMC 2010).

The Workshop recommended the following Roadmap for Re-
gional Cooperation for Landslide Risk Management in the region.

|5 |



Most of the countries of the region have not been able to as-
sess the hazards, vulnerabilities and risks of landslides in a ho-
listic and comprehensive manner. It was noted that the coun-
tries of South Asia, and sometimes different agencies within
the same country, have been following different classification
system, terminologies, methodologies and scales for landslide
hazard zonation mapping. The workshop recommended that
an Expert Group may be constituted under the auspices of the
SAARC Disaster Management Centre to critically review the cur-
rent practices of landslide hazard zonation mapping in the coun-
tries of South Asia and develop commonly acceptable guidelines
on landslide hazard zonation mapping, landslide terminology
and classification system in the light of the global state-of-the-
art practices. The draft guidelines so prepared shall be circulated
to the Member States and peers in South Asia for comments and
validation. Based on the comments received the Expert Group
shall finalize the guidelines for adoption by the Member States.

None of the countries of South Asia has been able to devel-
op a comprehensive database and inventory of landslides. The
global database on landslides does not adequately capture the
frequency and intensity of landslides of South Asia. The work-
shop recommended that a comprehensive database of landslide
disasters in each country of the region since 1990, to the extent it
is feasible, shall be developed and the same shall be updated on
an annual basis under the auspices of the SAARC Disaster Man-
agement Centre. The Centre shall develop a template for docu-
mentation of historical and current landslides through consulta-
tion among experts of the region and further prepare guidance
notes for documentation. The information thus collected shall
be compiled, analyzed and further validated through consulta-
tion among experts before its dissemination.
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The workshop further recommended that the SAARC Disas-
ter Management Centre should bring out a publication on the
Major Landslides in South Asia. Every Member State may be re-
quested to document case studies on catastrophic landslides in
their own country, to be compiled, and published by the SAARC
Disaster Management Centre.

The workshop recognized that unlike earthquakes, most re-
current landslides could be predicted through a timely systematic
programme of detailed engineering geological, geotechnical and
hydro-geological and hydro-metereological investigation, instru-
mentation, modeling and real time monitoring. It was noted that
some of the countries of South Asia have developed early warning
system of landslides in specific local areas through a combina-
tion of instrumentation and community based interventions. It
was recommended that the SAARC Disaster Management Centre
shall take the initiative to document such initiatives, and exam-
ine the strength and constraints of such of such initiatives.

Based on this study the SAARC Disaster Management Cen-
tre shall develop a few pilot projects on landslide early warn-
ing system on cost sharing basis in selected countries, as may
be willing, in collaboration with reputed scientific and technical
organizations within or outside the region. The Centre shall de-
velop guidelines to encourage Member States in the formulation
of such projects.

The risks of landslides can be reduced significantly through
a combination of structural and non-structural measures. The
package of measures to be adopted for landslide risk mitigation
would depend on the unique site conditions of specific landslides.
The workshop recommended that the SAARC Disaster Manage-
ment Centre may take the initiative of preparing a Compendium
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on the Best Practices of Landslide Risk Mitigation in South Asia
region for the benefit of researchers andpractitioners in the field.
The compendium would include engineering and non-engineer-
ing solutions and community based interventions for landslide
mitigation.

The workshop felt that the current retrofitting programmes
for seismic safety in the region stops at retrofitting of the super-
structure of buildings. This practice is grossly unsafe inasmuch
as even the retrofitted buildings will fail, if the slopes on which
they are supported fail by sliding. The workshop recommend-
ed that the SAARC Disaster Management Centre may develop
guidelines on evaluation of slope stability and strengthening of
slopes based on the global best practices.

For national landslide hazard and risk assessment pro-
grammes to be successful it is imperative that highly trained
professionals man the mapping teams. The workshop recom-
mended that the following steps may be taken in this regard:

SAARC Disaster Managemen Centre should dsign highly
ocused thematic training programmes and implement them in
association with leading landslide experts and well established
institutions. Some of the topics which need to be covered in such
programmes are

(a) Field orientedengineering geological, geomorphologi-
cal, hydro-geological, hydro-metereological and seismo-tectonic
mapping at large scale (b) GIS based integration and analysis
of thematic maps (c) Geotechnical Characterization of Slopes
and Stability Analysis in terms of total and effective stress (d)
Strengthening of problematic slopes, (e) safety of human settle-
ments in landslide prone areas

Theexperts and institutions tobe engaged to deliver the training
programmes should be charged with the responsibility to develop
high quality training manuals in each area selected for training
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F. Landslide Response, Recovery and Reconstruction

Every year many lives are lost and many persons get severe
injuries due to landslide disasters. Search, rescue and evacua-
tion of landslide victims require specialized skills and practices.
While many countries of South Asia are developing specialized
response forces, in most of the countries search and rescue oper-
ations are still carried on in not a very professional manner. The
workshop noted that the SAARC Disaster Management Centre is
on the process of setting up a Natural Disaster Rapid Response
Mechanism and recommended that the SAARC Disaster Man-
agement Centre may develop guidelines for landslide response
and organize special programmes for response agencies to ex-
pose them to the best practices, including the technological op-
tions available for search and rescue operations.

G. South Asian Landslide Forum

The workshop recommended that the SAARC Disaster Man-
agement Centre should take the initiative of setting up a South
Asia Landslide Forum which will comprise of landslide experts
and practitioners and scientific, technical and research, and pro-
fessional organizations working for landslide risk management
in the region. The Forum will work for the networking and in-
tegration of knowledge and practice on landslide risk manage-
ment within the framework on South Asia Disaster Knowledge
Network. The Forum shall organize a Regional Conference on
Landslide Risk Management once in two to three years.

Landslide studies: A brief review
Landslide Terminology and Classification

In general landslide is defined as down slope movement of
any detached mass of soil or rock. There are many terminologies
for landslide itself. Mass movement, slope movement, slope fail-
ure, and mass wasting are the terminologies that have been fre-
quently used to describe landslide synonymously. It was Sharpe
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(1938) who first introduced several terminologies to describe
landslide more scientifically. After him, some other remarkable
works have been done to develop terminologies and classification
schemes (e.g. Cambell, 1951; Varnes, 1978; Cruden and Varnes,
1996 etc). Despite such remarkable works and literatures, still
there is lack of systematic use of developed terminologies glob-
ally. Such practices of using terminology have created confusion
among the scientists, practitioner, and professionals working on
landslides.

The history of landslide classification goes back to 1938
when Sharpe gave his first classification system that considers
type of movement, material type and role of water and ice as
prime factors. He considered speed of the movement as a sec-
ondary parameter. In this classification, it was considered that
slope move movement is only due to action of water and ice
and do not say anything about other anthropogenic and natu-
ral forces like earthquake. Hutchison (1968) gave field based
classification of using type of movement and morphology. The
movement criteria of Hutchison include depth, direction and
sequence of movement with respect to the initial failure. Var-
nes (1978) proposed more comprehensive classification of land-
slide taking material involved and type of movement which later
adopted by Landslide Committee, Highway research Board of
USA. Types of movement have been divided into falls, topples,
slides, lateral spreads and flows and the combination of two or
more movements is termed as complex. Similarly, material in-
volved has been divided into rock and soil and soil further divid-
ed into debris and earth (fine soil). Till date it is the widely used
classification of landslide globally. Later in 1996, Cruden and
Varnes (1996) proposed a new scheme of landslide classifica-
tion using primarily type of movement and secondarily type of
material involved. In this classification factors such as velocity,
depth and water content in the materials can be added as adjec-
tive to name the slides. This classification was adopted by the
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international Association of Engineering Geology (IAEG) Com-
mission on Landslide and Working party on World Landslide
Inventory (International Geotechnical Societies and UNESCO).
Now it is clear that none of the classification system covers all
types of landslides and is complete. The bases and parameters
used for classification are broad and not determinable in all en-
vironments. Having such verities of classification, today scien-
tists, professional and experts are using different classification
system to fulfill required needs in south Asia. In this regards
SDMC puts efforts to bring common consensus to adopt com-
prehensive classification system suitable for mountain and hill
tracts of south Asian region.

Landslide Hazard Zonation Mapping

The aim of Landslide Hazard Zonation (LHZ) Mapping,
which is essential for risk assessment, is to determine the spa-
tial and temporal extent of a landslide hazard. In general the
LHZ map divides the landslide prone hilly terrain into different
zones according to the relative degree of susceptibility to land-
slides. This requires the identification of those areas that are, or
could be affected by landslides, and the assessment of the prob-
ability of such landslides occurring within a specific period of
time. Commenting on the time domain of landslide occurrence
through zonation mapping is a difficult task. Due to conceptual
and operational limitations, landslide hazard zonation is con-
ceptually stated as Landslide Susceptibility Zonation (LSZ). The
spatial prediction of landslides is termed as landslide suscepti-
bility, which is a function of landslide and landslide related in-
ternal factors (i.e., ground characteristics). The aim is to identify
places of landslide occurrence over a region on the basis of a set
of physical parameters. LSZ can be formally defined as the divi-
sion of the land surface into near-homogeneous zones and then
ranking these according to the degree of actual or potential haz-
ard due to landslides. The LSZ maps do not directly incorporate
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the time and magnitude of landslide occurrences. Since LSZ is
conceptually accepted as LHZ, it is popularly referred to as LHZ
in south Asia. LHZ mapping serves as one of the many compo-
nents in landslide risk assessment. The methodology to develop
landslide hazard map depends upon several factors like nature
of terrain, parameters to be considered, available data on geol-
ogy, soil, slope, rainfall, seismicity etc. For the simplicity, we can
discuss available methods in three groups; Heuristic Approach,
Statistical Approach and Deterministic Approach.

Heuristic approach is a kind expert driven field based ap-
proach for landslide hazard mapping. It is based on geomorpho-
logical survey of the terrain for inventory of landslide and geo-
morphological setting. This can be done using two methods, first
geomorphological analysis or direct mapping of the terrain and
second by qualitative methods. The qualitative methods of haz-
ard assessments based on superimposition of qualitative maps
like geological map, hydrological map, slope map, land use map,
soil type and depth map etc.

The statistical approach of landslide hazard analysis consid-
ers the causative factors that led to landslide occurrence in the
past. Such factors are determined statistically and quantitative
predictions are made for the terrain with similar failure condi-
tion. In this method input and output data are related to by an
empirical parametric function. The parameters used in this func-
tion are not related to physical parameters that can be deter-
mined in the field or in the laboratory. Further, the underlying
physical process is considered as absent or neglected. Using this
method, a temporal prediction of landslide hazard zonation is
possible. In general, there are two types of statistical approaches
in common use; Bivariate and Multivariate analysis.

|12 |



Deterministic Approach

This method is based on slope stability analysis and allows
us to compute quantitative values of slope stability factor, i.e.
factor of safety of the slope. This physically based approach de-
pends on engineering principles of slope instability expressed in
terms of factor of safety. Basically, for this purpose parameters
are derived/determined from the laboratory experiments. Due
to need of exhaustive data from unstable slope, this method is
often only effective for mapping small areas.

Landslide studies: The South Asian Scenario
Available literatures show that Nepal is the first country
to introduce landslide hazard mapping in South Asia. It was
Wagner who started Landslide Inventory Mapping in Nepal
in 1983. After him Keinholz et al. (1984) developed much im-
proved landslide Susceptibility Mapping Technique. The paper
published by Keinholz (1985) presented a methodology for as-
sessment of slope stability in the Nepalese middle mountains
for the densely populated hill areas. This work was continued
by Zimmerman in 1986 and White in 1987. Among the several
methods available for landslide hazard mapping, the method
proposed by Deoja et al. (1991) has been widely applied in sev-
eral landslide hazard mapping projects in Nepal, especially
along the road corridors. This method requires the preparation
of thematic maps, which deal with engineering geological con-
cerns such as engineering geological, slope and aspect as well as
hydrological and land use conditions. The data for engineering
geological conditions are acquired by the study of aerial photos,
topographical and geological maps, and fieldwork. The land-
slide hazard map is finally prepared by superimposing all of the
concerned maps and other relevant data. For the production of
the final hazard map, ratings are given to the state of nature,
average annual rainfall, danger and triggers, and then the val-
ues are summed up. In this method, soil slope hazard maps and
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rock slope hazard maps are prepared separately. The hazard
levels are categorized as low, medium and high depending upon
the total value of ratings. This method has been widely used
in Nepal as well as other south Asian countries. International
Centre for Integrated Mountain Development has developed
a comprehensive training manual in six volumes for middle
level professionals. In later years application of GIS gave a big
thrust to the mapping work. Department of Mines and Geology
(DMG), Government of Nepal is a government institution en-
gaged in the study of landslides and mass wasting phenomena.
In Nepal, DMG has already prepared landslide hazard map for
major urban areas incorporating engineering as well as envi-
ronmental aspects. Currently, there is a range of hazard maps
for the major urban areas as well as major road corridors of Ne-
pal. However, the scale and parameter considered for mapping
varies with nature of terrain and requirement. For the regional
study, 1:25000 to 50000 is very common scale whereas for the
individual project up to 1:10000 is in use.

The terrain friendly mapping techniques developed for Ne-
pal Himalaya later widely applied in other SAARC countries, for
example, Bhutan, India and Sri Lanka. Bhutan has been putting
her efforts on Landslide Hazard Zonation mapping gradually.
Department of Geology and Mines and Department of Road have
been actively working on various aspects of landslide hazard and
risk management. Bhutan has established Department of Disas-
ter Management under the Ministry of Home and Cultural Af-
fairs to look after natural as well as man-made disasters. It has
been prioritizing the landslide studies for sustainable disaster
management in the country.

India has carried out considerable work on landslide hazard
zonation mapping. Apart from the individual studies for road
corridor and watershed, BMPTC has published first small scale
landslide hazard map of India in October 2003 and released on
30 January 2004. The strategy and the approach to landslide
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hazard mapping used were based on the current state-of-the art,
taking fullest advantage of the enormous amount of informa-
tion and data on Indian landslides, mostly published and some
unpublished. The available thematic factor maps of India were
used in hazard mapping on a GIS platform. A high degree of
match was found between observed and predicted landslide haz-
ard. The National Remote Sensing Agency of the Department of
Space of the Government of India published two volumes of At-
las on Landslide Hazard Zonation. The Atlas, Volume 1 refers to
the State of Uttaranchal and Volume 2 to the State of Himachal
Pradesh. The pilgrim routes were targeted in mapping to a scale
of 1:25 000. In India scale of mapping and parameters taken for
landslide hazard mapping varies according to nature of terrain
and project scale. Usually detail landslide hazard maps have
been prepared for urban area, road corridor and hydropower
projects.

In Pakistan, there were scattered studies on landslides. Ini-
tially, Landsat imagery and aerial photographs were used to
broadly demarcate and identify critical areas in order to prepare
surface maps which are imperative for landslide studies. Land-
slide inventory maps of different areas were prepared to mark
areas with different degrees of stability along the Kohala-Mu-
zaffarabad Road, Azad Kashmir (Saeed and Malik 1990). De-
marcation of areas as stable, unstable, and potentially unstable
zones was carried out along different important routes on the
Murree-Muzaffarabad Road and the Karakoram Highway. The
critical areas (unstable and potentially unstable) were studied
in greater detail for analytical purposes. The geological Survey
of Pakistan has been conducting landslide hazard studies across
the country through its state offices. Recently, Geological Survey
of Pakistan (2006) has published book on Landslide Problems
and their Mitigation along the Karakoram Highway. This has
comprehensively documented data on slide type, morphology,
geotechnical studies etc. The World Health Organization (2007)
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