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Abstract — The effect of landslide is very prominent in India
as well as world over. In India North-East region and all the
areas beneath the Himalayan range is prone to landslide. As
state wise Uttrakhand, Himachal Pradesh and northern part of
West Bengal are identified as a risk zone for landslide. In
West Bengal, Darjeeling area is identified as our focus zone.
There are several types of landslides depending upon various
conditions. Most contributing factor of landslide is
Earthquakes. Both field and the GIS data are very versatile
and large in amount. Creating a proper data warehouse
includes both Remote and field studies. Our proposed soft
computing model merge the field and remote sensing data and
create an optimized landslide susceptible map of the zone and
also provide a broad risk assessment. It takes into account
census and economic survey data as an input to calculate and
predict the probable number of damaged houses, roads, other
amenities including the effect on GDP. The model is highly
customizable and tends to provide situation specific results. A
fuzzy logic based approach has been considered to partially
implement the model in terms of different parameter data sets
to show the effectiveness of the proposed model.

Keywords- Landslide, Earthquake, Image Processing,
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INTRODUCTION

Studies regarding landslides are not a new field of
exploration. All the countries more or less are affected
by this natural disaster so it causes most of them to be
involved in this field. Movement of ground or land
mass within an instance of causes loss of human life,
property, agriculture. Within a very short period of time
the casualties grows significantly. When landslides
occur, they can move quickly downslope at rates of
several m/s, or they can creep slowly at rates of only a
few mm/year. On the one hand, they can move
instantaneously following a specific trigger such as an
earthquake, an intense rainfall, may show a delayed
response to critical triggering conditions. In long term
consequences the overall growth of the area gets
affected. Reimbursement is costly and it takes time to
overcome the losses caused by landslide. South-East
Asia especially in India studies on landslides is taken
place from early 80’s [GSI website]. North-eastern and
Eastern Himalayan region in India are verily affected by
landslides from time to time. India is reported to have
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23% total loss of life due to landslides [14]. As
population is an area of concerns it also adds up into the
landslide problem. As population is increasing rapidly,
searching for new residential location is getting
explored without the concern that how safe that place is
or may be. Geological Survey of India is involved in
landslide hazard zonation mapping. The area of
Earthquake Induced Landslides (EIL) is identified as
the most neglected area of research. EIL is crucial in all
aspect. The amount of affected people in EIL is greater
than any other cause of land slide. Disaster management
which is becoming India’s priority R&D field includes
landslides as a dominant disaster area to be addressed.
Landslide is never caused by a single reason;
involvement of different types of parameters makes it
difficult to gauge that which parameters are actually
involved. Earthquake and rainfall are the two prime
reasons. But factors such as slope angle, soil, pressure
of a construction etc. are not prominent but must be
taken into account. Tsunami induced landslides are also
prominent. On hilly area earthquake and rainfall is vital.
On coastal are tsunami is considered. A detailed list of
parameters may look like this, slope, aspect, curvature,
soil texture, soil drainage, soil effective thickness,
timber age, timber diameter, distance from drainage,
distance from roads, distance from faults, distance from
lineaments, parallelism between the fractures, landslide
scarps, lithology, geological structure of foliation,
geomorphology, normalized difference vegetation index
(NDVI) and land use. Coarse soil types are more
susceptible to landslides; bare soil contributes more to
landslides. Light soils like sandy or coarse loams are
easy to detach as they have low organic matter content
(Das and Agarwal, 2002). soil with more sand, high
slope and intensive rainfall which constitute most
dominant factors of landslide cause severe damage to
land (Patanakanog, 2001) .Soil is characterized by
either severe erosion, moderate erosion or low erosion.
Soils with more stones (or rocks) are less prone to the
landslide as compared to that of soil with less stones. If
the percent of slope is increased four times, the velocity
of water flowing down is doubled [21]. Doubling the
velocity of erosive power in hills during monsoon
season, the hills get saturated with water, resulting in
instability of land mass. Higher the level of hydraulic
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conductivity of soil, higher is the probability of the
landslide. The study area is to be classified into high,
moderate and low hydraulic conductivity.
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A map by NASA showing landslide risk zones
worldwide.
State Inter Agency Group, West Bengal, in there
website published the data of casualties of last 27 years.
Death because of landslide is more than 155, houses
damaged are more than 2 corers, and population
effected is more than 3 lakhs. The severity of the
landslide alone in Darjeeling cannot be overlooked. The
condition in pan India is worse. The absence of a proper
model can be realized, due to this huge number of
casualties. Landslides have represented 4.89% of the
total natural disasters that occurred worldwide during
the years 1990 - 2005 (www.em-dat.net) [1].

o X

A. Different soft computing approaches:
In order to cope with a large number of the
developmental projects for communication, highways,
dams, reservoirs etc. a risk free sustainable environment
is needed. A study using ANN for landslide
susceptibility map [3] shows that if more parameters are
added to the complex problems of landslides the results
will be encouraging. A research proposal for knowledge
based analysis of landslides in Darjeeling zone shows
us a predictive model [4] for landslide. ANN is able to
solve nonlinear problems just as well human brain**,
Landslide characteristics, depending upon various
parameters makes it nonlinear, so ANN is a good help.
Neural network based results are better than GIS based
LSZ mapping [11]. The effectiveness and reliability of
GA based ANN (GLANN) for Landslide Hazard’
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Zonation Map [12], depending on several parameters,
produces good results and it is supposed to focus on
landslide mitigation measures.

Spatial distribution of landslides to create an accurate
susceptibility map [5] can be more refined to get more
localized results. However it is found that models those
works with small areas most of the time fail to produce
results for larger areas [Sekhar et al. 2009]. For spatial
data analyzing the importance of GIS increased many
folds [6], though the study does not include earthquake
and rainfall data but still the model produces thematic
layers which is then allotted with numerical values of
the factors. But it is found that GIS alone cannot answer
the entire question. A GIS based rating system can be
helpful to produce thematic rating of layers [7]. A
macro zonation map is preferable for realistic approach.
GIS based hazard maps produced preferably at a scale
of 1:10,000 or 1:25,000 is preferable in this case [8].
Each map layer can be considered as a separate layer
features in a map, with a rank associated, which will
help us to predict susceptibility of landslide [9]. The use
of GIS tools such as ArcGIS Spatial Analyst and Arc-
SDM for statistical integration has improved the results
of studies[10]{how}. The combination of GIS based
data with data mining techniques to recognize patterns
from large data sets for effective decision making by
building decision trees, makes a complete data driven
and knowledge based Landslide Susceptibility and
Hazard model [15].

Fuzzy logic, it is extended which is meant for finding
partial truth values between completely false and
completely true region, unlike Boolean results which
produces true and false only, degree to which a member
belongs to a set is expressed by the membership
function. Kundhapallam Watershed, Nilgirise, fuzzy
theory is been tested in combination with GIS data to
narrow down the susceptible zones. It is used to find
membership values for each thematic layer [13]. A 2
level fuzzy combination is supposed to produce
practical results [16] with still room for improvement.
Factor analysis after fuzzification of each parameter
[17]; generate a high success rate in landslide
susceptibility mapping.

Statistics regarding Gross Domestic Product (GDP) of a
country is like a total average picture of the country’s
development and growth. A country like India which
has the potential to sustain a good GDP can be affected
by seismic activities and it’s after effect as landslides.
A study shows that expected losses are high in states
like Uttar Pradesh, Haryana, Bihar, West Bengal, and
Assam [18]. It also proposes a model where earthquake
related GDP losses can be estimated by using several
accrued databases. Which is by far can be helpful in the
study of earthquake related landslides. As rainfall is
considered as a prominent factor causing landslides,
survey of rainfall with damage analysis of ambootia, an
area of Darjeeling Himalayan range shows that rainfall
over 50 mm reached 24-26 per year [19]. It also
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conclude that ambootia like conditions exists at many
part of Darjeeling Himalayan area, which indicates that
the zone is not safe from upcoming landslide hazards.
Due to the advent of satellite images, the landslide
monitoring became more efficient in the sense that it
provides monitoring for real-time. Development of
image processing arena is helpful for analyzing these
real-time or recent type images. In a case study in japan
showing, how principal component analysis can
effectively detects landslides having accuracy of 88% to
90% [20]. This study involves software’s such as Erdas
imagine version 8.7, ArcView version 3.3 and Arcinfo
version 7.2.1.pre processing of images like, extraction
and filtering. It is necessary as these types of images
contain high amount of redundant data and differ rent
type noises due to atmospheric conditions.

Map of land use in Darjeeling

B. Proposed soft computing model:
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C. Analysis of the proposed model:

The central part of our proposed model is based on
earthquake. Initially the model comprises 17
parameters. Logically we can divide the whole model in
two halves. First the landslide susceptibility and second
one is risk analysis. Risk analysis involves number of
human life in susceptible zone, GDP of that zone,
number of roads and houses that can be affected. Data
for population and houses can be gathered from census
reports of the zone. We can also find the data regarding
increase in civilization. Number of roads can be found
by the state transportation and state highway authority
and national highway authority. Satellite images for 20
years can also be used to see the change in population,
roads, and houses. Data regarding GDP can be gathered
from state and central economics departments and
institutions. Without the GDP data it will not be
possible to explore how landslides affect the economy
of a certain landslide susceptible zone. Houses roads
and GDP together can generate a whole some picture of
landslide effects on population. A step wise discussion
on various parameters and there probable necessity
including approaches that can flow with this model are
detailed below.

Stepl: Create a landslide data inventory using both
field study and remote sensing data.

This is the basic step to implement first as there may be
hundreds of landslides cases in the zone it is necessary
to collect those data as required by the parameters.

a) Type of soils: all the soil types that was found
in the previous landslides of the study zone.

b) Land Use: the model requires land use data to
be provided to check whether any part of the
area of the study zone is used in agricultural
purpose or not.

c) Bedrock: the type of bedrock found in the
landslide zones and types of bedrocks involved
in previous landslides.

d) Number of active faults: faults are necessary
input parameter. As it is found that
contribution of active faults are vital when
earthquake based landslides occurs. If an
earthquake occurs in the fault zone its effects
increases many folds.

e) Slope angel: calculating slope angels are
necessary because the amount of land mass
that can flow downwards depends upon it.

f) Satellite images of the EQ zone: satellite
images of the zone to identify and monitor the
earthquake  probability —and  previous
earthquake hazard.

g) Landslide triggering range of EQ magnitudes:
this data set should be created depending upon
previously recorded landslides due to a certain
range of EQ magnitudes.



www.ijcait.com

h) Population: number of houses, total length of
road of the landslide zone and population
count. This data set will help us counting the
probable number of casualties of human life.
Also it will help the model provide a broad
view of risk calculation.

i) GDP: It will map the socio economic scenario
of the zone. Economic data of the zone to be
calculated by the GDP data and per capita
income of the house hold.

Step2: Input into the model for analysis:

The proposed model is based on four column
architecture. Classified data has been put into different
columns for analysis purpose. For evaluation purpose
all the models for analysis are based on fuzzy logic. In
some cases artificial neural network can be used in
combination with fuzzy logic for clustering and
classification purpose. It generally speeds up the
process of fuzzy logic by training data set generation
which in turn helps to produce fuzzy rule base
efficiently [22]. In this present work the whole concept
is in general, based on fuzzification of the data for
analysis and fuzzy rule base for final outcome is been
considered.

D. Fuzzy logic based approach:

Following the If-Then-Else rule base, fuzzy logic
represents a more human way of thinking which
includes uncertainty among choices and decision
making. It was first proposed by Lotfi A. Zadeh (Zadeh,
1978) in the year of 1965. Fuzzy logic inherits fuzzy
set theory in which entities can belong to several
subsets. The concept of fuzzy logic starts with
fuzzification of the data set followed by defining a
membership function like Gaussian; trapezoidal etc.
with value a numerical value associated with each of it.
Next the inference, which is nothing but the application
of the rule base to produce fuzzy membership value as
result. In our proposed model, for evaluation purpose a
pure fuzzy logic based approach has been considered.
Slope angel, lithology, fault type, bedrock type has been
taken into consideration as a crisp number for
membership function, which eventually, considering
the rule base, produces ratings of the landslide hazard
zone.

RESULTS
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expect that in future we will be able to provide an
extensive universally adaptable soft computing model
for landslide hazard zone mapping and risk analysis.
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