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Abstract:
Assessment of landslide is an important aspect for
evaluation, zoning and risk management .Numerous
methods and techniques were discussed by the
researchers for landslide hazard zonation mapping of
different landslide sensitive zones of the world for decision
making. The Present research work is an integrated
approach of geospatial technology for landslide
susceptibility mapping for part of North Sikkim Himalaya
using spatial Analyst tool of ARC GIS software.
The important factors which are necessary landslide
susceptibility mapping in hard rock terrain particularly for
Himalayan region such as geology/structure, drainage
density, Land use /land cover and slope were discussed and
evaluated by using satellite images , field based data and
published maps. All the extracted thematic maps were
reclassified on the basis of their importance and
characteristics for landslide susceptibility mapping of the
area under GIS environment by applying weighted Overlay
method in ARC GIS. Finally integrated landslide
susceptibility map of the area generated and classified
under four major categories from low to very high landslide
susceptibility zones.
Keywords: Landslide Susceptibility Mapping, Remote
Sensing, ARC GIS, North Sikkim Himalaya.
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Introduction
Landslide is an important geological hazard that causes damage to natural and social environment. The concept of landslide is
dealt by many authors differently. Varnes and IAEG (1984) defined landslides as ‘almost all varieties of mass movements on slope
including some such as rock falls, topples and debris flow that involve little or no true sliding’. According to Hutchinson (1988), ‘A
landslide in its strict sense is a relatively rapid mass wasting process that causes the down slope movement of mass of rock, debris
or earth triggered by variety of external stimulus’. A recent definition by Courture R (2011) simply states that ‘landslide is a
movement of mass of soil (earth or debris) or rock down a slope’. This concept of landslide is more broaden with respect to the
type of material that moves down slope. Landslide susceptibility is defined as a quantitative or qualitative assessment of the
classification, volume (or area) and spatial distribution of landslides, which exist or potentially may occur in an area. It may also
include distance traveled, velocity and intensity of the existing or potential landsliding. Landslide susceptibility usually involves
preparing a landslide inventory together with an assessment of the areas with a potential to experience landsliding in the future,
but with no assessment of the frequency (annual probability) of the occurrence of landslides (Fell et al. 2008). In India, disasters
caused by landslides are common in mountainous regions, particularly, the Himalaya, which are the tallest among mountain
chains of the earth, almost five and a half mile high encompassing an area of half a million square kilometer in its mighty sweep
(Bhandari, 1986). The landslide incidences in the Himalaya have been of great concern to the society due to loss of life, natural
resources, infrastructural facilities, etc. and also posing problem for future urban development.
Numerous progress has been made in the landslide inventories, landscape susceptibility mapping and hazard zoning based on the
extensive use of GIS, GPS and remote sensing (RS) techniques (Westen et al. 2008). GIS technology provides effective tools for the
handling, integrating and visualizing diverse spatial data sets (Lan et al, 2009). Especially GIS Multi Criteria Decision Making
(MCDM) are one an important methods of Spatial analysis in GIS that allows knowledge derived from different sources to be
combined in order to support landslide analysis. (Saha et al; 2002, Sarkar et al; 2004 &2008).

Geographic setup of the Study Area
The study area covers North Sikkim with geographical latitude and longitude as 27° 31’ N & 88° 32’ E and having a total area of
4266 km² with very less population of 43354 and total density 10/km² . Majority of the people reside in Mangan which is the
headquarters. Many parts of North Sikkim is covered with snow and glaciers. Moraines are the prominent glacial deposits present
in the study area where most of the landslide occurs, due to the erosion or melting of the snow. The average temperature varies
from 40 degrees in winters to 10 degrees in summers. Most of the vegetation is Tundra and Alpine. Geology consists of the
majority of Gneiss such as muscovite and Darjeeling gneiss followed by gorubthan formation, granite quartzite and linctse gneiss
which triggers most of the slides. All these types are rocks are metamorphic and are formed under intense pressure.
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Data used & Methodology
Landslide susceptibility mapping is predominantly a function of slope and combinations of slope, concavity/convexity and aspect
Next to these topography factors, geology, geotechnical properties, climate, vegetation and anthropogenic factors such as
development and clearing of vegetation (Fell et al, 2008) are other important factors. In this study landslide susceptibility was
evaluated by applying GIS weighted overlaying based on multi criteria analysis.
In the present paper following important factors were evaluated such as landuse / land cover, geology, drainage density and
slope. The geocoded satellite image (IRS LISS3) with spatial resolution of 23.5m was downloaded from NRSC Bhuvan site and
digital elevation model of SRTM with spatial resolution of 90m was used for the terrain modeling and hydrological modelling
purpose such as slope , stream order for drainage density etc. using ArcGIS & Image processing software. The adapted
methodology for Landslide susceptibility mapping shown in flow chart figure 2.
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Fig2. Flow Chart of Methodology

Results and Discussion
LANDUSE LANDCOVER
Land use land cover is one of the most important thematic layer which triggers the landslide to a great extent as it includes natural
and man-made features such as water bodies, vegetation, forest cover, barren land etc. on an area. Many landslides occur mainly
due to the improper activities such as deforestation and increase in the urbanization over a period of time. For lands use land
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cover classification. Image processing software is used with maximum likelihood parametric rule which is a statistical method
which works on probability. For classifying an image, first unsupervised classification was performed in which the whole image is
divided into 6 classes, unsupervised classification was performed in order to get a general idea about the spatial features in the
image. After that those spatial features were identified with the help of visual image interpretation skills on the satellite image by
use 3, 2, 1 band combination (NIR, MIR & RED) which is the standard false color composite. 6-10 training sets for each classes
were collected and merged and landuse land cover map was generated. Area wise landuse land cover shown in table 1.
Table 1. Area of Land Use Land Cover features
CLASSES

AREA (km²)

Vegetation

1070

Forest Cover

567

Lakes

3

Snow Cover

326

Barren Land

1762

Glaciers

498

Fig: 3 – Land Use Land Cover Map

DRAINAGE DENSITY
Drainage density refers to the drainage by the streams of the watershed into the main stream, it is highly affected by the
physiography of the particular area and also an important factor affecting landslides. Impermeable rocks are exposed to the runoff
therefore it results in poor drainage density and on the other hand high rugged terrain have more drainage density in compare to the
later part. More the number of streams more will be the density of drainage. High drainage density erodes the soil and tend to break
rocks resulting in landslides. Drainage density map of the study area shown in figure 4.
SLOPE
Slope refers to the horizontal height divided by the vertical height. By using Pythagoras theorem we can find slope and tan inverse
function will give us the slope of the area. For making a slope, map input is given as SRTM digital elevation model and output was
taken out as slope in degrees in Image processing software and classifieds in 4 classes (0-17, 17-35, 35-52, and 52-88). Slope is the
most important factor triggering landslides which includes slope instability over an area. Steeper the slope more are the chances of
the occurrence of landslides. Slope map of the study area shown in figure 5.
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Fig: 4 – Drainage Density Map of the Study area

Fig: 5 – Slope Map of the Study area.

GEOLOGY
Geology of North Sikkim consist of mainly metamorphic type of rocks which are formed due to intense pressure resulting in the
formation of schist, phyletic and quartzite which are basically hard types of rocks having very less permeability and less erodibility.
Other are Darjeeling formation mainly consist of quartz, microcline, carbonaceous material, muscovite gneiss are found in major
parts of North Sikkim which is having high permeability and more chances of the occurrence of landslide followed by gorubathan
formation granite Kanchenjunga augen gneiss. (Refer Figure 6)

Fig: 6 – Geological Map of the Study Area
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LANDSLIDE SUSCEPTIBILITY MAPPING USING GIS OVERLAY METHOD
All the generated thematic layers were reclassified in Arc GIS software by assiging the weightage to the each class of the
thematic layer from 0 to 9 on the scale in which 9 denotes highest contributor towards the landslide and 0 denotes the least
contributor. Reclassified layers were overlayed in a Arc GIS spatial analyst tool and for final map was prepared. The study area
was classified into five susceptible zones from very low , low, moderate,high and very high.
Adapted criteria and weighted for different thematic layers were shown in table 2 and final landslide susceptibility map shown
in Figure 7.
Table 2: Evaluation criteria for landslide susceptibility map of the area
S.No.

1

2

3

4

Thematic Layers

Drainage Density

Slope

Geology

Land Use Land Cover

Classes

Weight

Low

1

Medium

2

High

7

Very High

9

0° - 17°

2

17° - 35°

5

35° - 52°

7

53° - 88°

9

Linctse Gniess

9

Quartzite Marker Beds

1

Kunchenjunga Augen Gniess

5

Gorubathan Formation

3

Muscivite Gniess

7

Darjelling Gniess

7

Granite

4

Forest Cover

1

Barren Land

9

Glaciers

3

Snow Cover

5

Vegetation

3

Lake

1
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Fig: 7 – Landslide Susceptibility Map of the study area.

Conclusion
In the Present study a weighted over lay methods was applied to model a landslide susceptibility map for the North Sikkim
Himalaya using geospatial techniques. The assessment & generation of various susceptible zones of the area were calculated by
four important parameters such as landuse / land cover, geology, drainage and slope. These factors were evaluated, and then
factor weight and class weight were assigned to each of the associated thematic layers in GIS environment.
The area classifies under four susceptible zones as per their severity from as low, moderate, high, very high which are very
important contribution towards the primary level landslide management and assessment actitities using the remote sensing and
GIS techniques.
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