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DATA & THEIR SPECIFIC USE

Landslide distribution, 
lithology and land use 

land cover
Field Data

Lithology
Scale :

1:250000
Geological 
Map (GSI)

DEM, slope, aspect and 
drainage

Scale :
1:50000 & 1: 25000

Topographic
Maps (SOI)

5.8m
IRS-1D-PAN & 

LISS-IV

23.5mIRS-1C-LISS-III
Land use land cover,

lineament, drainage and
landslide distribution

ResolutionIRS Satellite/Sensor

Remote 
Sensing

Specific UseDescritionData Types
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Data fusion of two different sensors 
delivers high-spatial multi-spectral 
data. Merged image provides better 
interpretability for landslide mapping.
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Path of debris flow
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Landslide

1 0 1 2 Kilometers

N

Mapped from field surveys
as well as IRS 1C PAN 
and PAN-sharpened 
LISS- III images 
interpretation

Total of 101 landslides of 
varying dimensions

Majority of landslides have
areal extent of 500m2 to
2000m2
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Safer planning for future developmental 
activities

Planning for implementation of disaster
management programme

NEED FOR LSZ
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STEPS FOR LSZ

Identification of Causative Factors

Data collection

Determination of Weights and Ratings 

Integration of Weights and Ratings in GIS
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ADVANTAGES OF GIS

A much larger variety of susceptibility analysis te chniques  
becomes attainable.

Complex techniques requiring a large number of map 
overlays and table calculation becomes feasible.

Improve models by evaluating their results and adju sting 
the input  variables. 

Optimum results by a process of trial and error, ru nning the 
models several times.

In the course of a landslide susceptibility assessm ent, 
the input maps derived from the field observations can be
updated when new data are collected.
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Slope (deg.)
0-15
15-25
25-35
35-45
>45

1 0 1 2 Kilometers

N

Slope Aspect 
Flat
N
NE
E
SE
S
SW
W
NW

1 0 1 2 Kilometers

N

Lithology

Slope

Aspect

THEMATIC DATA 
LAYERS
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Slope (degree)
0-15
15-25
25-35
35-45
45-60
60-90

1 0 1 2 Kilometers

N

Slope

DEM
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Lineament buffer
0-125
125-250
250-375
375-500
>500

1 0 1 Kilometers

NLineament
Buffer

N

1 0 1 Kilometers

Lineament

Lineament density
Low
Moderate
High

N

1 0 1 Kilometers
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1 0 1 Kilometers

N

Drainage buffer
25m along 2nd order drainage
25m along 1st order drainage
Other area

1 0 1 Kilometers

N

Drainage buffer
25m along 2nd order drainage
25m along 1st order drainage
Other area

Drainage
1
2
3
4
5
6

1 0 1 Kilometers

N
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Land use land cover
Agriculture land
Tea plantation
Thick forest
Sparse forest
Barren land
Habitation
Water
River sand

1 0 1 2 Kilometers

NDarjeelingLanduse
Thick forest
Moderate forest
Sparse forest
Agr. Land
Barren Land 1 0 1 2 Kilometers

N 	�����

Land use land cover

TECHNIQUES FOR LSZ
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Analysis
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Distribution
Analysis

Q
U
A
L
I
T
A
T
I
V
E

RemarksMain featureLSZ methods

Conventional Approaches:

Manual interpretation of thematic maps and their integration
Time consuming, laborious & uneconomical with data collected
over long time intervals
In recent times, use of RS & GIS for preparation of thematic 
maps and their integration
Weighting system is expert knowledge based
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Distribution-
free
Approaches
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Deterministic
Analysis
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Statistical
Analysis

Q
U
A
N
T
I
T
A
T
I
V
E

RemarksMain featureLSZ methods

Objective Approaches:
Mostly consider Rating only

Use of RS & GIS for data layer preparation and analysis

COMBINED
NEURAL 

AND FUZZY
APPROACH

Thematic Maps
(Slope, Aspect, Lithology, 

Lineament, Drainage & Landuse)

Landslide distribution map

Thematic layer generation

Training Data

ANN Training

Change ANN 
Architecture

Simulation of Test Data

Capture ANN 
Connection 

Weights

Weight Interpretation

Finalization of 
Weights for 

Thematic Layers 
(Wl)

Category 
layers in 
binary 
form

Fuzzy Operation 

Generation of fuzzy 
rating category 

layers
(rij)

Data 
Integration 
using GIS

Landslide Susceptibility Index

LSZ MAP

Source Data
(Toposheets, RS data, Published literatures & Field 

data)

Verification Data Testing Data

No Yes

Landslide 
layer in 
binary 
formIs Accuracy 

acceptable

Generation of fuzzy 
rating thematic 

layers
(Rl)
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Susceptibility class
Very low
Low
Moderate
High
Very high

1 0 1 2 Kilometers

N

Kyangnosala

Dikchu

Lingdong

Singtam

Rangpo

Rorathang

GANGTOK

LANDSLIDE SUSCEPTIBILITY MAP

Landslide Hazard Zones
Very Low Hazard
Low Hazard
Moderate Hazard
High Hazard
Very High Hazard

N

1 0 1 Kilometers           

Landslide Hazard Zones
Very Low Hazard
Low Hazard
Moderate hazard
High Hazard
Very High hazard

N

1 0 1 Kilometers

 

 

 

Landslide Hazard Zones
Very Low Hazard
Low Hazard
Moderate Hazard
High Hazard
Very High Hazard

N

1 0 1 Kilometers

          

Landslide Hazard Zones
Very Low Hazard
Low Hazard
Moderate Hazard
High Hazard
Very High Hazard

N

1 0 1 Kilometers

 

a b 

c d 

LHZ Map III  LHZ Map IV  

LHZ Map I LHZ Map II

LANDSLIDE SUSCEPTIBILITY MAPS
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