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Abstract 
Landslide mapping and monitoring using remote sensing data products has emerged as the most cost 
effective method of information collection from aerospace media. Although large numbers of studies 
have demonstrated the potential of such techniques, gap areas exist in developing landslide 
identification keys with respect to recently launched sensors. Therefore, in the present study an 
attempt is made to make a comprehensive assessment of all landslide identification keys, thus 
developed so far for mainly aerial photograph interpretation, for interpreting presently available 
variety of sensors providing high temporal, spectral and spatial information such as AWiFS, ETM+, 
TM, ASTER, IRS 1D LISS III, IRS P6 LISS IV and IRS P5 Cartosat-1 (Stereo pair). Each sensor is 
unique in terms of spatial, spectral and radiometric information content and therefore, keys have been 
applied to collect such information in a complimentary way.   

The landslide identification keys have been assessed with respect to spectral, morphological, 
vegetation, drainage and terrain characteristics of landslides and using different set of keys, landslides 
have been mapped and a comprehensive inventory has been prepared in one of the most vulnerable 
part of Garhwal Himalayas i.e., Alkananda valley.  Attempts have been made to demonstrate 
automated detection of landslides using image segmentation approach. Results have been validated by 
extensive ground investigation. The interpreted results have been validated on ground for accuracy 
assessment and other relevant data have also been collected. In order to enable comprehensive terrain 
analysis, moderate resolution an SRTM was used, for a test area high resolution DEM (generated from 
Cartosat-1 stereo) has also been used. 

 A minimum detectible size of 3*3 pixels on LISS-IV was selected as the threshold for unambiguous 
identification of active landslides, which corresponds to approximately 15*15 m on ground and 6*6 
pixels in case of Cartosat-1 image. In the study area total number of 174 landslides were mapped on 
the basis of image characteristic, viz., shape, size, tone, association, juxta-position, drainage and 
vegetation conditions. After the field visit the number of landslides bodies increased to 209 as most of 
the slides on the northern aspect were not visible in the panchromatic high-resolution imagery. In the 
inventory, the area of the landslides ranges from 98.37m2 (0.010 ha) to 1,38,710.610 sq m (13.871 ha).  

The morphological, vegetation and drainage characteristics of different type of landslides were 
studied, and their signatures were verified in the field. It was revealed that most of the landslide 
identification keys could be applied to high-resolution panchromatic data products as well as 
multispectral data sets, although with varying success. Landslides interpreted from satellite images 
were validated during field check and it was observed that multi-spectral images (LISS-IV) provide 
additional complimentary information in identification of landslides. Barren land cover, very steep 
cliff, high DN/radiance/reflectance values, low contrast, joint & lineament continuity/ intersection, 
presence of talus cone with head detached characterise rock fall in the region; high DN, low contrast, 
regular boundary, presence of run out slope > 500 characterise the rock slides. Cone formation & 
spreading of material down slope, long run out, high DN/radiance, high contrast, slope 250 – 400 
characterise debris slide, and absence of vegetation, disturbed drainage, slope 450 – 400 characterise 
debris flow. 
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LANDSLIDE MONITORING IN SPACE AND TIME USING OPTICAL SATELLITE IMAGERY AND DEM DERIVED PARAMETERS: CASE 
STUDY FROM GARHWAL HIMALAYA, UTTARAKHAND, INDIA  

1. Introduction 

A landslide is defined as, the movement of a mass of rock, debris, or earth down a slope (Cruden, 
1991). The term “landslide” encompasses events such as rock falls, topples, slides, spreads, and flows 
(Cruden and Varnes, 1996). Landslide hazard is defined as “the probability of occurrences of 
phenomenon within a given area and within a specified given period of time” (Varnes, 1984). 
Landslides depend on geologic, geomorphic, anthropogenic and geotechnical characteristics of the 
slope and are defined as movement of mass of material en masse down a slope. This includes 
displacement of slope material by fall, toppling, slide or flow due to gravity (Cruden, 1991).  
 
Himalayas represents a fragile ecosystem, which is often manifested in the recurring natural hazards, 
like landslides. Monsoon (mid-June to mid-September) is the time when landslides take place most 
frequently, as water is an important catalyst for initiation of landslides. During the three months of 
monsoon, heavy downpour accelerates many large and small landslides, hampers normal life, disrupt 
all transport and communication activities. Landslide hazard zonation map can be prepared by remote 
sensing and GIS techniques along with field validated data (Jasrotia, 2007). An individual landslide 
characteristically involves many different processes, operating together, often with different intensity 
during successive years. These activities are very common in mountainous terrain particularly during 
and immediate after rainy season (Bartarya et al., 1996; Gupta and Bist, 2004; Paul et al., 2000). 
 
In the recent past, earth observation technology has significantly advanced and with the development 
of advanced sensor systems it can provide detailed information on a timely basis, in a cost effective 
manner and inaccessible regions can be mapped in an efficient manner. Remote sensing data can be 
used for classification and detection of landslide over large areas. Information on important terrain 
parameters such as lithology, structure, drainage, slope, land-use, geomorphology etc can be extracted 
from the satellite data, although the amount of information varies from place to place. With the 
advancement of computing facilities, the digital image processing of remote sensing images have 
gained enormous importance in detecting landslides and establish their relation with terrain factors. 
Fundamentally, all EO based observation deals with first identification and detection of landslides 
based on image characteristics as well as morphological attributes. Depending on the size of the 
landslides, tonal differences with surroundings, geographic location and experience of the interpreter, 
various approaches have been followed with varying degree of success. The degree of uncertainty in 
any methods so far employed for detection and mapping of landslides lays importance on additional 
research on this using data from recently launched satellites for earth observation. 

1.1. Problem definition 

Detection and identification of landslide is the key in any study dealing with landslide hazard 
assessment. In most of the Earth Observation based studies, it is demonstrated that visual observations 
of landslides and associated features holds the key and it can be explained in terms of morphology, 
vegetation and drainage condition of terrain in a systematic manner (Soeters and Westen, 1996). Using 
very high spatial resolution data (few meters to sub-meter) from recently launched IKONOS and 
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Quick-bird, attempts have been made on automated detection of landslides (Hervas et al., 2003). This 
highlights the fact that techniques developed on aerial photographs can be extended to a great extent to 
high-resolution panchromatic data sets with additional information available from multispectral as well 
as temporal observation, which was not possible with aerial photography in the past. Therefore, it is 
essential to analyse all visual interpretation keys and techniques, generic as well as specific to 
landslides using high-resolution multi-temporal data sets. It is important to note that, IRS- P6 LISS IV 
(spatial resolution 5.8m), IRS-P5-Cartosat-1 (spatial resolution 2.5m) panchromatic with stereo 
capability and Cartosat-2 panchromatic (spatial resolution <1m) are now available at a very reasonable 
cost, which need to be analysed with respect to visual interpretation keys that can be used as basis for 
developing automated to semi-automated landslide detection techniques. Landslide hazard zonation is 
first step towards disaster mitigation in the event of landslide(Champati ray and Lakhera, 2007). For 
this, landslide inventory is an essential part of the landslide hazard and risk assessment. Unfortunately 
it is lacking or incomplete in many parts of world particularly in data scarce region like Himalayas. 
Keeping these facts in view the present study was taken up to establish characteristic feature for 
landslide detection on different resolution optical satellite images and demonstrate it for preparation of 
landslides inventory of an important road sector in Garhwal Himalayas. 
 

1.2. Objectives 

The aims and objectives of the study are as follows: 
• Preparation of geometrically and radiometrically rectified data sets for visual and digital 

analysis of multi-temporal and multi-resolution data sets. 
• Development of interpretation keys for landslide identification in highly rugged Himalayan 

terrain using image and terrain characteristics together with field observations. 
• Preparation of landslide inventory and activity classification using optical satellite data with 

DEM parameters. 
 

1.3. Research Questions 

• Which are the pre-processing and processing steps required for multi-temporal data analysis 
and change detection related to landslide activity? 

• What are the diagnostic features of landslides in different images? 
• What is the minimum dimension of detectable and delineable landslide in the inventory by 

using different resolution satellite data in the rugged terrain? 
• How far object oriented contextual information help to automate the process (of identifying 

landslides)? 
 

1.4. Brief  information of the Study Area 

The present study is geographically a part of the Garhwal sector of Himalayas. It lies in Alaknanda 
river basin in the Lesser and Central Himalayan regions. The area administratively comes under 
District Chamoli of the Uttarakhand State of India. It extends from Nanadpryag to Badrinath 
encompassing about 585 km2 between latitudes 30º 17′ 14"– 30 º 43′ 51"N and longitudes 79 º 16′ 52" 
–79 º 37′ 35"E. The height of the area ranges 807 m to 4803m from msl. Haridwar- Badrinath National 
highway-58, is aligned almost parrellel to river Alaknanda that connects Badrinath Shrine, a famous 
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Hindus’ worship place in the northern most part of this study area. This route has its importance due to 
religious as well as strategic point of view, as there is an International boundary with China. 
 

1.5. Data sets used 

A low resolution, IRS P6 AWiFS (18Nov2005) data, ETM+ (15 Oct 1999) medium resolution satellite 
data products such as LISS III (26March 1999), ASTER (31 Oct 1992), TM (1990), high resolution 
data products such as IRS- P6 (LISS-IV MX) and IRS- P5 (PAN Stereo) and a moderate resolution 
DEM prepared from SRTM and GTOPO for preparing stereo images were used for identification and 
characterization of landslides at different scales. 
 

1.6. Methodology 

As the study area falls in part of Garhwal Himalaya with high relief and the study deals with analysis 
of large number of data sets of varying resolution and date of acquisition, it is important to ensure the 
geometric accuracy of all data sets.  In rugged Himalayan mountainous terrain the geometry of images 
often gets distorted due to high altitude, apart from errors inherent to all satellite images such as 
sensor’s platform instability and earth curvature etc. These distortions have to be removed by image 
ortho-rectification and geometric correction. In the present study all the satellite data sets of different 
resolutions belonging to different platforms were ortho-rectified using resampled SRTM DEM and all 
data sets were brought to common UTM WGS84 projection system. Attempts were also made to 
generate high resolution DEM from Cartosat-1 for draping high-resolution panchromatic data over it 
for 3-D perspective view. In the next step atmospheric corrections were applied to convert the DN 
values to radiance image and radiance image to reflectance image using sensor parameters and dark 
pixel correction method (Jensen, 1996). In the next step, image enhancement techniques were applied 
to improve the image quality to interpret landslides the area of interest. Image merging was carried out 
in order to enhance the spatial content of medium resolution multi-spectral images.  
 
Different types of landslides characterised by different movement (fall, topple, slide-rotational/ 
translational, flow, spread and complex) and material types (rock, debris and earth etc.) can be 
identified on satellite imagery to a varying extent. First of all, each landslide type was characterised 
with peculiar diagnostic features of known landslides and then those recognition features were applied 
to identify landslides of the inaccessible area. The diagnostic features include shape, size, colour, tone, 
texture, pattern of landslide, site topography and setting. Shape is an important characteristic to 
identify landslides on imagery. Although the physical dimensions of landslides is not sufficient for 
classification, but it can be very useful to identify properties such as extent and depth. Topographic 
characteristics such as height difference, slope steepness and aspect, and the presence of convexities or 
concavities in the terrain are also important criteria to identify landslides.  
 
After image interpretation, results were validated on ground for accuracy assessment and additional 
field data were collected on landslides.  In this methodology, the maps thus prepared  can have better 
utility for the hazard and risk assessment at the province (regional level) and district level (local levels) 
for preparedness of disaster mitigation and management program of the Uttarakhand state (Figure 
1-1). Attempts were also made on automated detection of landslides based on object –oriented 
approach. The preliminary results were very encouraging for a test site covering a large landslide. 
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Figure 1-2: Flow chart of the methodology adopted 

 

1.7. Thesis Outline 

In the first chapter the motive behind the research, basic information, background of the research 
objective with their research questions and for solving them by available datasets with adopted 
methodology was briefly explained. Chapter 2 presents a review of work which has been done till 
date, where workers have used different datasets to identify landslides using spectral and terrain 
characteristics. Chapter 3 describes the general information about the state; its geological, tectonic 
and different causes that influencing the landslide activities in the area since known past. Chapter 4 is 
describes how multi-resolution, multi-spectral, digital elevation model (DEM) and ancillary datasets 
were used to carry out this study and which steps were taken to achieve the objectives. Chapter 5 
explains the interpretation of spectral and terrain characteristics of the landslides bodies. Chapter 6 
shows the results achieved in this study and what possibly can be done for further studies. Chapter 7 
gives the conclusions, limitation and recommendations of study. 
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2. Literature Review 

2.1. Landslides Inventory 

In any landslide-affected region, it is of prime importance to know the areas affected by landslides. 
The exact location of landslide is required for evaluation of the risk due to landslide activity. 
According to Carrara et al. (1995), the spatial distribution of past (relict) and recent landslides is the 
key for predicting areas likely to experience slope failures in future. The landslide inventory is the 
simplest form of landslide mapping (Hansen, 1984; McCalpin, 1984; Wieczorek, 1984). Landslides 
can be mapped by geomorphological field mapping, interpretation of vertical or oblique stereoscopic 
aerial photographs, interpretation of high to moderate resolution satellite images, surface monitoring 
and the analysis of high quality DEMs obtained from space or airborne sensors. Stereoscopic aerial 
photographs have been used widely for identification and mapping of landslides due to their high 
resolution and 3-D perspective. However, these are not very effective as acquisition of aerial 
photographs is time consuming, costly and repetitive coverage is almost non-existent for most part of 
the Himalaya. Therefore, presently available high-resolution panchromatic data from a number of 
satellites forms better alternative for mapping and monitoring landslides at regular interval. 
 
Landslide inventory maps are tedious to compile, difficult to make in vegetated and high sloping area. 
Most of the landslides inventories are simple and show only the boundaries of the landslides. They do 
not offer information about mechanics as manifested by internal deformational features. The bedrock 
landslide is rougher than adjacent unfailed terrain and any of the statistics can be employed to 
automatically detect and map the overall slide complex (McKeana and Roeringb, 2004). 
 

2.2. Earth observation of landslides 

The identification of landslides on satellite images is based on colour, tone, texture, shape, size and 
morphological expressions of topography within and around the landslide(Westen, 1993). The 
interpretability is influenced by the contrast that results from the spectral difference of landslide with 
its surroundings.  
 
Landslide scars can be recognized on satellite images primarily due to spectral response of both 
depletion zone as well as accumulation zone. It is important to note that although the appearance 
resembles same as that of a barren area, but the spectral response will vary due to presence of fresh 
rocks, composition of boulders and debris. At a place, which is completely barren due to landslides, 
the vegetation response will be different from that of adjoining areas. Secondly if the landslide is 
showing sign of stability, then vegetation re-growth can be observed on such areas by temporal 
monitoring of NDVI values. If the landslide is active and expanding to adjoining areas, the reverse can 
also be observed. Soeters and Westen, (1996) have made a comprehensive list of features associated 
with identification and mapping of landslides on stereo images (Table 2-1).  
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TYPE OF 
MOVEMENT 

Characterisation based on morphological, vegetational and 
drainage aspects 

as visible on stereo images 

FALL and 
TOPPLING 

Morphology: Distinct rockwall or free face in association with 
scree slopes (20° -30°) and dejection cones. Jointed rock 
wall (>50°) with fall chutes. 

Vegetation: Linear scars in vegetation along frequent rock fall 
paths. Vegetation density low on active scree slopes. 

Drainage:  No specific characteristics. 

STURZSTROMS Morphology: Extreme large (concave) scars on mountain, with 
downslided blocks of almost geological dimensions. 
Rough, hummocky depositional forms, sometimes with 
lobate front. 

Vegetation: Highly irregular/chaotic vegetational conditions on 
accumulative part,absent on strurzstrom scar. 

Drainage:  Irregular disordered surface drainage, frequent 
damming of valley and lake formed behind the body. 

ROTATIONAL 
SLIDES 

Morphology: Abrupt changes in slope morphology, characterized 
by concave (niche) - convex (run-out lobe) forms. Often 
step-like slopes. Semi-lunar crown and lobate frontal part. 
Backtilting slope facets, scarps, hummocky morphology 
on depositional part. D/L ratio 0.3 - 0.1 , slope 20° - 40°. 

Vegetation: Clear vegetational contrast with surroundings, the 
absence of landuse indicative for activity. Differential 
vegetation according to drainage conditions. 

Drainage:  Contrast with not failed slopes. Bad surface 
drainage or ponding in niches or backtilting areas. 
Seepage in frontal part of run-out lobe. 

COMPOUND 
SLIDES 

Morphology: Concave - convex slope morphology. Concavity 
often associated with linear graben-like depression. No 
clear run-out but gentle convex / bulging frontal part. 
Backtilting facets associated to (small) antithetic faults. 
D/L ratio 0.3 - 0.1 , relatively broad in size. 

Vegetation: As with rotational slides, although slide mass will be 
less disturbed. 

Drainage:  Imperfect or disturbed surface drainage, ponding in 
depressions and in the rear part of the slide. 

TRANSLATIONAL 
SLIDES 

Morphology: Joint controlled crown in rockslides, smooth planar 
slip surface. Relatively undeep (shallow), certainly in 
surface mat. over bedrock. D/L ratio <0.1 and large width. 
Run-out hummocky rather chaotic relief, with block size 
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decreasing with larger distance. 
Vegetation: Source area and transportational path denudated, often 

with lineations in transportational direction. Differential 
vegetation on body, in rockslides no landuse on body. 

Drainage:  Absence of ponding below the crown, disordered or 
absence of surface drainage on the body. Streams are 
deflected or blocked by frontal lobe. 

LATERAL 
SPREADS 

Morphology: Irregular arrangement of large blocks, which are 
tilting in various directions. Blocksize decreases with 
distance and morphology becomes more chaotic. Large 
cracks and linear depressions are separating the blocks. 
Movement can originate on very gentle slopes (<10°). 

Vegetation: Differential vegetation is enhancing the separation of 
the blocks. Considerable contrast with non-affected areas. 

Drainage:  Disrupted surface drainage. Frontal part of 
movement is closing off valley, causing an obstruction 
and a asymmetric valley profile. 

MUDSLIDES Morphology: Shallow concave niche with flat lobate 
accumulative part, clearly wider than transportational 
path. Irregular morphology is contrasting with 
surrounding areas. D/L ratio 0.05 - 0.01, slope 15°-25°. 

Vegetation: Clear vegetational contrast when fresh, otherwise 
differential vegetation is enhancing morphological 
features. 

Drainage:  No mayor drainage anomalies associated to 
mudslides, besides local problems with surface drainage. 

EARTHFLOWS Morphology: One large or several smaller concavities, with 
hummocky relief in the source area. Main scars and 
several small scars resembles slide type of failure. Path 
following streamchannel and body is infilling valley, 
contrasting with V shaped valleys. Lobate convex frontal 
part. Irregular micromorphology with pattern related to 
flow- structures. Slope > 25°, D/L ratio very small 

Vegetation: Vegetational on scar and body strongly contrasting 
with surroundings, landuse absent if active. Linear pattern 
in direction of flow. 

Drainage:  Ponding frequent in concave upper part of flow. 
Parallel drainage channels on both sides of the body in the 
valley. Deflected or blocked drainage by frontal lobe. 

FLOWSLIDES Morphology: Large bowlshaped source area with step-like or 
hummocky internal relief. Relative great width. Body 
displays clear flowstructures with lobate convex frontal 
part (as earthflow). Frequent associated with cliffs (weak 

7 



LANDSLIDE MONITORING IN SPACE AND TIME USING OPTICAL SATELLITE IMAGERY AND DEM DERIVED PARAMETERS: CASE 
STUDY FROM GARHWAL HIMALAYA, UTTARAKHAND, INDIA  

rock) or terrace edges. 
Vegetation: Vegetational pattern are enhancing morphology of 

scarps and blocks in source area. Highly disturbed and 
differential vegetation on body. 

Drainage:  As on earthflows, ponding or deranged drainage at 
the rear part and deflected or blocked drainage by frontal 
lobe.  

DEBRIS 
AVALANCHES 

Morphology: Relatively small, shallow niches on steep slopes 
(>35°) with clear linear path. Body frequently absent 
(eroded away by stream). 

Vegetation: Niche and path are denudated, or covered by secondary 
vegetation. 

Drainage:  Shallow linear gully can originate on the path of the 
debris avalanche. 

DEBRIS FLOW Morphology Large amount of small concavities (associated to 
drainage system) or one major scar is characterising 
source area. Almost complete destruction along path, 
sometimes marked by depositional levees. Flattish 
desolated plain, exhibiting vague flow structures is body. 

Vegetation: Absence of vegetation everywhere, recovery will take 
many years. 

Drainage:  Deranged on body, while original streams are 
blocked or deflected by the body. 

Table 2-1: Image characteristics of mass movement types ( after Soeters and  Westen, 1996). 

The use of remote sensing data, whether air-, satellite- or ground-based varies according to three main 
activities of a landslide related study, namely a) detection and identification; b) monitoring; c) spatial 
analysis and hazard zonation. With the advancement of digital computing facilities, the satellite image 
processing and analysis have gained enormous importance. Enhanced imagery can reveal spatial 
pattern of landslides that can be correlated with terrain factors Mason et al., (1998). Furthermore, there 
are several image processing techniques that improve the image quality by integrating high resolution 
panchromatic data with low resolution multispectral information using image fusion techniques. 
Ideally image fusion techniques should allow combination of the high spatial resolution of an image 
with the high spectral resolution of another, keeping the basic radiometric information of latter (Pohl 
and Genderen, 1998). Furthermore, data fusion provides several advantages such as: preservation of 
computer storage space, enhancement of aesthetic and cosmetic qualities, analytical improvements and 
low costs for obtaining high resolution data (Carter, 1998  Carper et al., 1990; Chavez et al., 1991; 
Garguet-Duport and WaveMerg:, 1997; Garguet-Duport et al., 1996) 
 
GIS and remote sensing data could help to establish relationship between mass movement occurrences 
and different terrain parameters (Abdallah et al., 2005). It has been demonstrated that Landsat ETM+ 
images in the Himalayas could identify only 25% of the total number of landslides, which were over 
50 m wide, even when the multispectral bands of 30 m resolution were Pan sharpened to a resolution 
of 15 m (Petley et al., 2002). This indicates presence of large number of smaller landslides; hence it is 

8 



LANDSLIDE MONITORING IN SPACE AND TIME USING OPTICAL SATELLITE IMAGERY AND DEM DERIVED PARAMETERS: CASE 
STUDY FROM GARHWAL HIMALAYA, UTTARAKHAND, INDIA  

important to explore high resolution data sets. It is encouraging to mention that by the use of high 
resolution data, i.e. IKONOS panchromatic images with 1 m resolution, small landslides over 10 m 
could be identified by Nichol and Wong (2005).  Based on the following elaborate review by 
Metternicht et al, 2005 (Table 2-2) it is clear that various attempts have been made to map and 
monitor landslides in diverse terrain conditions across world using large suite of remote sensing data 
products. Therefore, it is relevant that some of such methods to be tried in Himalayan context as 
discussed in Chapter 5, “Terrain Analysis and Image Interpretation”. 
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Table 2-2Diagnostic features of landslide in different sensors datasets  (Metternicht et al., 2005)
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3. Study Area 

3.1. Location 

The state of Uttarakhand is presently made of 13 districts. The District Chamoli is completely under 
hilly terrain. It is surrounded by Uttarkashi in North-West, Pithoragarh in South-West, Almora in 
South East, Rudraprayag in South-West and Tehri Garhwal in West. The geographical area of the 
District is around 7520 km2. Chamoli, the abode of Gods, reputed for its shrines and temples, birth 
place of ‘Chipko Movement’ with its strategic significance is one of the hill district of Uttarakhand 
state, India. Chamoli is one of the most spectacular in natural assets, valley aspects, water-edges, 
floristic varieties, dramatic landform and the climatic conditions. Chamoli, the district of “Garhwal’’ 
the land of forts the place reverberates with spirituality and is associated with a number of legends. 
 
 
The area proposed for study is geographically a part of Garhwal sector of Himalaya. It lies in the 
Alaknanda river basin in the lesser and central Himalayan region. Nandprayag is it southernmost limit 
and in the north it is a few kilometers to the south of Badrinath. whereas east to west it covers almost 5 
kilometers aerial distance on either side of major river Alaknanda. Thus it covers about 585 km2 area 
(Figure 3-1). It lies lithotectonically and physiographically in lesser and Central Himalayan region; 
the dividing surfaces are the thrust of regional dimensions (Valdiya, 1980). Administratively it comes 
under district Chamoli of State Uttarakhand, India. The height of the area ranges 807m to 4803m from 
msl, Nanadpryag to Badrinath between  latitudes 30º 17′ 14"– 30 º 43′ 51"N and longitudes 79 º 16′ 
52" –79 º 37′ 35"E. This part falls in Survey of India (restricted) toposheet   Nos. 53N/6, 53N/7, 
53N/10 and 53N/11. 

 
In the study area, Haridwar- Badrinath National highway-58, is aligned almost parallel to river 
Alaknanda, connects Badrinath Shrine. (Hindu pilgrimage temple) and also links to HemKund Sahib 
(Sikh Gurudwara), both almost remain open for pilgrimages from April to November, connects these 
pilgrims, villages and other cities to the rest of the India. Every year during moonson season (July to 
September), several incidents of landslides and related casualties are reported due to Slope failures 
cause traffic disruption making the pilgrims, tourists and inhabitants stand still for hours or sometimes 
for days. It is essential to assess landslide hazard spatially and temporally in this terrain (Kuthari 
2007). 
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Figure 3-1: Location of Study area from Nandprayag to Badrinath 

 

3.2. Physiography 

River Alaknanda from its confluence with the Birehi Ganga down to Chamoli, a distance of about 
seven km, flows from east to west in nearly a straight line. The river at Chamoli takes a sharp band 
and flows from north to south down to Nandprayag a distance of 10 km. The straight (Nandakini-
Alaknanda confluence) courses of the river from Birehi-Alaknanda confluence down to Nandakini-
Alaknanda confluence with its right angle bend at Chamoli is a very striking physiographic feature of 
the area. 

 

Examination of the valley and the area indicates that it has been glaciated in the past and River 
Alaknanda has acted as the principal channel to dispose off the glacial waste. The evidences of past 
glaciation are found in the moraine deposits present around Gopeshwar and further north on the right 
bank of the river. Unconsolidated glacial deposits are identified on the basis of several criteria, 
including original landforms, dissected or altered landform, position with respect to other topographic 
and geologic elements. Various glacier features are present in the area like crique, horn, arête, 
Avalanche chutes, U-Shaped glacial valleys, Col and saddles, Moraines, Periglacial Landforms, Tors. 
These glacial deposits consists of fine rock flour with large blocks of quartzite and gneisses having 
sharp angular corners. Beyond these deposits, the hill slopes are steep and bare of overburden. The 
straight course of the river with its irregularities of the bed is also suggestive of glacial erosion. The 
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glaciation of the valley and the area around the study has considerably modified the original 
topography. 
 
The area under study forms a part of Inner Lesser Himalayas and Central crystalline and constitutes 
the catchment area of major tributaries of river Alaknanda. Structure and Denudation Mountains 
characterize the area. The imprints of geological structure and lithology are seen in the form of strike 
ridges and valleys, while at other places the denudation landscapes have given rise to steep scarp, 
peaks, deeply incised valleys and mass wasted screen slopes. The relief in the area is rugged and 
highly variable ranging in hundreds of meters. The relief is partly the result of differential weathering 
and erosion of various rock types. Slate and schist rock unit being more weathered and easily erodible 
occupy lower relief area with subrounded and smooth topography, whereas dolomitic limestone, 
quartzite and gneiss being relatively hard and compact have formed high relief areas with sharp 
crested ridges. Flat toped hills are rather rare in the area of study. The hill slope is softer rock like slate 
shows a waxing slope at top, a relatively straight to concave upward mid slope and a waning slope at 
base. In quartzites and other competent rocks like limestone and gneiss the slopes are rather steep. 
Limestone forms scrap slopes as seen in Birehi Ganga Valley, around Pipalkoti village, Laxman-ganga 
and Vishnu-ganga region. 

3.3. Soil 

Generally all type of soils are rich in moistures. Wherever the vegetation density is more the soils are 
rich in organic contents. There is a variation in soil in different physiographic portions such as steep 
slopes, valley side slopes, foot slopes and man modified slopes surrounding villages. The soils are 
generally shallow on side slopes due to more soil erosion and in the cultivated patches on hills have 
generally deep soils with fairly higher base saturation. The soils on terraces are mostly granular and 
sandy in nature. 

3.4. Climate 

The area with its location in the higher reaches falls in a temperate zone. It is influenced by the 
tropical climate of India. it has light summer & cold winters. Average summer temperature is 22° C & 
winter temperature may even drop to 0° C in some parts. The average annual rainfall is more than 
1500mm. 

3.5. Drainage 

The major antecedent river in the area is “Alaknanda” which emerges from Chaukhamba range and 
joined by major tributaries, viz., Nandakini, Birahi-ganga, Ganesh ganga (Patal-ganga ) and Dhauli-
ganga  on its left bank whereas Mena Nadi, Visnu gad and Khiraogad are other tributaries on its right 
bank. Besides, many other smaller streams of perennial and ephemeral nature join river Alaknanda on 
either banks. From Badrinath Alaknanda river has a southernly trend till Lambagar Chatti and then 
flows in south-easterly direction till Govind ghat then onward towards down stream upto visnu prayag 
it flows southernly. The river abruptly changes its course towards west at Visnu prayag (Alaknanda & 
Dhauli ganga confluence) and flows South-westerly from downstream of Visnu prayag to pakhi near 
Mena nadi. From Pakhi to Pipalkoti it again flows towards southernly and from Pipalkoti to Chamoli 
its direction of flow turns towards westerly and from there finally it flows towards south upto 
Nandprayag. The river generally flows across the strike of the country rocks and is structurally 
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controlled. Presence of local meanders and sudden change of river courses may be attributed to the 
presence of faults and joints along which the course of river Alaknanda and its tributaries are 
controlled.  The overall drainage pattern in the area is dendritic becoming parallel to sub-parallel on 
steep slopes. Presence of trellis type is also noticed in the lower reaches of the Alaknanda basin. 
Presence of steep scrap, deep narrow valleys, springs straight course of river suggest that the area is in 
its youthful stage of geomorphic cycle. 
 

3.6. Geology 

The lithounits of this area belong to low-grade meta sedimentary rocks of Garhwal Group and high 
grade metamorphic rocks of Central Crystallines. The rocks of Garhwal Group lie between 
Nandprayag and Helang occur in the form of a broad doubly plunging anticline, which are thrusted 
over by Central Crystallines along the Main Central Thrust (MCT) in the north. The formations of 
Garhwal Group of rocks mainly consist of slate, dolomitic limestone/ limestone and quartzite, whereas 
the overthrusted high grade metamorphic rocks of Central Crystallines are composed of chlorite 
schists, garnetiferous mica schist, gneiss, schistose quartzite, amphibolite with lenticular bands of 
crystalline limestone. Basics are mainly amphibolite and commonly observe along Main Central 
Thrust. Good exposures of metabasics within quartzite of Chamoli Formation can be observed near 
Gulabkoti. 
 

  

Figure 3-2: Rocks showing pattern of Joints mainly responsible for landslide at slopes >450 

The region is characterized by several phases of tectonic movements, which have resulted in 
deformation of different rock units. About four stages of folding belonging to three phases of 
deformation have been reported in the area(Gaur et al., 1977). 
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Central Crystalline Group 

 

Schist: Chlorite schist, biotite schist, garnetiferous 
schist  

Gneisse: Quartz-biotite gneiss and augen gneiss. 
Subordinate schistose quartzite and thin marble. 

Amphibolite                                           

           Berinag Formation Orthoquartzite, Schistose quartzite (also with 
shear zone amphibolite) 

Gulabkoti 
Formation 

Massive dolostones, siliceous dolostones. Massive 
limestone with poor concentration of Magnesite 

 

 

 

      Tejam Gr.  

(Carbonate suite 
of Chamoli) 

 

Pipalkoti 
Formation 

Alternate slate and dolostone units. 

Slates are mainly graphitic and calcareous. Thinly 
intercalated limestone and slate unit.  

In the upper horizon of this unit limestone 
becomes massive.  

   
   

   
   

  G
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al
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Rautgara Formation 

Muddy Quartzites, Conglomerates and olive 
green, Purple Slates. Basic Intrusives. 

Table 3-1: Litho-Stratigraphy of the study area (after Gaur et al., 1977 & Valdiya, 1980). 

Garhwal Group 
The rocks of Garhwal group comprises a very thick pile of low grade metasedimentry sequence 
consisting mainly of Pipalkoti Formation (alternating slates and dolostones), Dasoli Formation 
(massive dolostones and limestone), and Chamoli Formation (Quartzites). The litho-units of Garhwal 
Group in the two limbs of Pipalkoti anticline differ from each other considerably. 

Pipalkoti Formation 

Pipalkoti Formation is made up of alternating sequence of slates and dolostones. The slates consist of 
finely laminated greyish black, black, dark colored chloritic slates with a thin band of iron ore. Fine 
grained and massive bluish grey limestone/dolostones with sporadic calc-siliceous material occur on 
the upper part of formation. 

Gulabkoti Formation 

The Gulabkoti Formation consists of quartzite, dolostones and mylonites which occur in the thrust 
zone. The quartzite is somewhat friable and intercalated with a schistose type of rock. There is a thrust 
contact between this and Pipalkoti formation. The dolostones member conformably overlies the 
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quartzite to the north of Gulabkoti but is thrusted upon by the mylonite member along the thrust zone. 
It is fine grained grey coloured thinly bedded rock, which is siliceous towards the top as well as 
towards the bottom. The mylonites of the thrust zone are bounded by the ‘Main Central Thrust’ in the 
north and by the Salur Thrust in the South. The mylonites are characterized by augen schists; augen 
mylonites and mylonitic quartzites.  

Chinka Formation  

South of the Birahi, the Chinka Formation consists mainly of greenish quartzite, orthoquartzite and 
subordinate mylonite. It makes a fault contact with the rocks of the Pipalkoti and Dasoli formations. 
The greenish grey quartzite is commonly hard and compact and forms a syncline adjacent to the 
anticline of the carbonate suite of Chamoli.  

In the northern limb of the syncline, mylonitization is well observed along a shear zone bounded by 
the Birahi Fault and the Chinka Fault. The mylonites are characterized by augen mylonites thick 
marbles showing cataclastic effects, dedolomitization and minor foldings of the talc layers. The 
quartzite members of this formation also exhibit cataclastic effects, dedolomitization and minor 
foldings of the talc layers. The quartzite members of this formation also exhibit cataclastic effects and 
mortar textures. 

Chamoli Formation 

This Formation is well exposed around the township of Chamoli and is mainly composed of quartzite, 
orthoquartzite, and schistose-quartzite with thin band of slate and subordinate mylonitic schist and 
gneiss with amphibolites and calc silicate rock. The quartzite are of white milky color, medium to 
coarse grained and show the presence of color banding and current-bedding near Chamoli town. These 
quartzites are commonly hard, massive, and compact, thickly bedded and occur forming a syncline in 
south adjacent to Pipalkoti anticline. Three to four sets of joints are commonly observed in this unit on 
breaking the quartzites give sugar cube like shape. 
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LITHO-TECTONIC SEQUENCE IN THE NORTHERN LIMB OF THE PIPALKOTI 
ANTICLINE  

(Pipalkoti- Helang Section) 
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Schists:       Quartz mica schists, Muscovite schist, Biotite schist and                            
    garnetiferous schists. 
Gneisses:    Quartz Biotite gneiss, Augen gneisses 
Schistose Quartzites with thin subordinate marble and amphibolites 
Thin amphibolites along” Main Central Thrust” 
----------------------- -----MAIN CENTRAL THRUST------------------------------ 
Intra thrust zone: schistose Quartzites, Augen Mylonites, Augen Schists 
----------------------- ------------SALUR THRUST------------------------------------ 
Dolostone:    Green fine grained dolostone. Siliceous on the top and base.              
     Numerous Magnesite lenses. A thin band of pink. Colored coarse   
     grained marble on the top 
Quartzite:      Medium grained, grey to grayish green quartzite. Subordinate. 
     schistose quartzites with a thin band of  amphibolite 
------------------------------------GULABKOTI THRUST---------------------------- 
Dolostone 6:  Fine grained massive dolostone with sporadic, calc siliceous on     
      the top. Numerous lenticular Magnesite deposits. 
Slate 6:          Dark colored choloritic slate with sulphuric encrustations. 
 
Dolostone 5:   Fine grained massive dolostone with sporadic talc,siliceous on  
                        top. Numerous lenticular magnesite deposits. 
 Slate 5:          Dark coloured chlorite slate with sulphuric encrustation. 
 
Dolostone 4:  Fine grained, grey talcose dolostone. Some times intense   
                       Development of talc(talc dolomite schist). Irregular veins of  
                       Magnesite. 
Slate 4:           Black graphitic slate, Phyllite pronounced iron leaching. 
 
Dolostone 3:  Sheared talcose with minor talc-dolomite schist. Numerous     
                       Pockets of talc, uneconomic magnesite and disseminated pyrite. 
Slate 3:           Black graphite slate/phillite pronounced iron leaching. 
 
Dolostone 2:  Fine grained, grayish, thinly bedded, talcose dolostone. 
Slate 2:          Greyish black chloritic slates with thin bands of bluish grey                       
                      limestone.dolostone 1: Thinly bedded, fine grained talc,  
 dolostone grayish black chloritic slates. 

Table 3-2: Litho-Tectonic Sequences in the Northern Limb of The Pipalkoti Anticline (Pipalkoti- Helang 
Section) (After Gaur, et. al., 1977) 
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Figure 3-3: Geological Map (after Gaur et al., 1977 & Valdiya, 1980). 
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LITHO-TECTONIC SEQUENCE IN THE SOUTHERN LIMB OF THE PIPALKOTI 
ANTICLINE 

 (Pipalkoti- Chamoli Section) 

     Quartzites: Pure quartzites of greyish green colour, orthoquartzites 

                                     And subordinate schistose quartzite. 

 ------------------------------------ ‘Chinka Fault’ -------------------------------- 

‘Shear Zone’ } Mylonitic quartzites, Blasto mylonites, augen mylonites, 

                           augen schists, thin amphybolites along Birhi fault.  
---------------- ----------------  ‘Birahi Fault’ ------------------------------------- 

   Marble:   Fine grained cream coloured marble characterized by thin 

                                  Talc layers and cataclastic effects. 

 

Limestone with intercalated slates:  fine grained bluish grey limeestone  

                    intercalated with thinly laminated calcareous slates.Towards    

                    the top limestone becomes massive contain irregular Chips of  

                    limestone. 

Upper Dolostone:    fine grained, massive grayish cream dolostone having 

                      sporadic development of talc. 

Slate:                        Black graphitic slate/phyllite. 

Middle Dolostone:   Fine grained massive grey dolostone with Intense  

                                 development of talc. 

 
Thin Chloritoid Slate:   grayish green coloured having a meter thin 
                                      Band of iron ore along jesal fault 
--------------------------------- Jesal Fault ----------------------------------------- 
                    
 Lower Dolostone:      Fine grained, greish talcose dolostone 
 Arenaceous phillite:  15 m thick greenish grey phillite. 
------------------------------------ Hat Fault ------------------------------------- 
Slate 1:                    grayish black chloritic slates 

• Pipalkoti Formation 

Table 3-3Litho-Tectonic Sequences in the Southern Limb of the Pipalkoti Anticline (Pipalkoti- Helang 
Section) (After Gaur et. al. 1977) 
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Structure 
In the present area of study, the ‘older rocks’ of ‘Central Crystalline’ are thrusted over the younger 
‘Garhwal Group’ of rocks along the ‘Main Central Thrust’. The ‘Garhwal Group’ of rocks are known 
to form a broad doubly plunging anticline known as ‘Pipalkoti Anticline’. The major tectonic 
structures, in respect of regional lineaments of present study area are as under: 

Main Central Thrust (MCT) 

The MCT is a steep north dipping major tectonic plane, it marks the position of the MCT north of 
Dharchula in the Kaliganga, north of Munsiari in the Goriganga, north of Loharkhet in the Sarju 
Valley, and traced up to Helang in the Alaknanda Valley. 

Alaknanda Fault 

It is a major fault mapped in the Alaknanda Valley extending from south of Nandprayag in the east to 
the North Almora Thrust, appears to off-set the MCT in the Bhagirathi Valley. 

Birahi fault 

This fault trending in NW-SE to ENE-WSW almost runs parallel to Birahi Ganga along its left bank.  
The presence of mass wasting processes around and just south of Ghingran in the vicinity of NW 
extension of this fault as observed in the form of slumping, sliding and erosion indicate its active 
nature around this zone. Evidence of neotectonism associated with this fault has also been observed in 
the form of shutter ridges and sag-ponds around village Ghingran. 

 

3.7. Landslides in Uttarakhand Himalaya 

 
Uttarakhand, a hill state of India, lies in the northern part of country in the loftiest Himalayan 
mountain range. It covers total 53,066 km2 area. Out of which approximately 48,000 km2 (90%) falls 
in hilly terrain (Joshi, 2004). Geologically this area is complex and forms a part of the young 
Himalayan belt that is an out come of continental- continental collision of Indian and Eurasian plates. 
The mountain building process is going on even now and is manifested by frequent earthquakes and 
landslides; the later is more frequent and causes enormous loss to life and property. 

In rainy seasons, high precipitation combined with anthropogenic activities, over saturates strata and 
makes them highly susceptible to landslide activities. During the three months of monsoon (mid-June 
– mid-September), heavy downpour has caused many large and small landslides, paralysing normal 
life, and affecting transport and communication network (Bartarya et al., 1996; Gupta and Bist, 2004; 
Paul et al., 2000). Some of the prominent ones are Malpa rock fall (1998) in the Kali valley (Paul et 
al., 2000), Madhyamaheswar landslide (1998) in Mandakini valley (Sah and Bist, 1998), Budha Kedar 
landslide in Balganga valley (Sah et al., 2003), Varunavat Parvat landslide in Bhagirathi valley, 
Uttarkashi (Gupta and Bist, 2004; Sarkar and Gupta, 2005) and seismicity induced landslides in 
Chamoli (1999) that have caused severe losses to life and property of the region (Kimothi et al., 2005). 
It has been estimated that, on average, the damage caused by landslides in the Himalayan range cost 
more than US$ 1 billion besides causing more that 200 deaths every year, which overall is considered 
as 30% such type of losses occurring world wide (Naithani, 1999). 
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3.8. Landslides of the study area 

The prominent potential slide zones in this area lie between Lambagar to Dhauliganga- Alaknanda 
rivers confluence, between Jarkulla-Hailang, around Tangni, Pakhi, Belakuchi and Pipalkoti and 
Chamoli town areas. Besides, a number of active slide zones of varying magnitude can be observed 
along roadside, which is generally anthropogenic in nature. Landslide occurrences  are mainly 
characterised by i) the presence of steep scarp with barren rock exposures on the southern aspect of 
slope, ii) highly jointed limestone, slate, phyllites, gneisses with thinly laminated micaceous schist 
bands, iii) presence of large amount of unconsolidated debris, and iv) presence of  toe removal and 
slope steepening.  

3.9. Classification of landslides 

Landslides can be classified based on type of movement, type of material  and mechanism as proposed 
by (Varnes, 1978)  and this is one of the most widely used nomenclature scheme available in landslide 
related literature. In 1988 Hutchinson proposed a nomenclature that was considered to be most 
comprehensive by (Dikau et al., 1996). The main difference between Varnes and Hutchinson's 
classification is in implementation of new type of movement, such as 'rebound' movements associated 
with either human excavation or naturally eroded valleys. Further, Hutchinson expanded the 
nomenclature in creeping, whereas Varnes mentions only soil creep developed as the part of flow 
movements in soil. Sagging of mountain slopes appeared as a new type of movement. Finally, 
Hutchinson mentioned also debris flows associated with volcanoes that are lahars. Varnes along with 
Cruden (1996) renewed his classification and expanded the velocity class from 1, extremely low, to 7, 
extremely rapid. The extremely rapid landslides have been changed from 3m/s to 5m/s. Cruden and 
Varnes (1996) built up the complete identification of the movements by adding the descriptors that 
were stressed as very essential in the complete identification of the movements. The five kinematically 
distinct movements of landslides are as fall, topple, slide, spread and flow. 
 

Type of Material 
Engineering Soil 

Type  
of  Movement  

Bedrock Predominantly 
Coarse 

Predominantly fine 

FALLS Rock Fall Falls Rock Fall 

TOPPLES Rock Topple Topple Rock Topple 
 

ROTATIONAL 

TRANSITIONAL 

Rock 
Slide 

Rotational Slide Rock 
Slide 

LATERALSPREADS Rock 
Spread 

Lateral Spread Rock 
Spread 

Flows Rock Flow 
(deep creep) 

FLOWS Rock Flow 
(deep creep) 

 
COMPLEX Combination of two or more principal types of movement 

Table 3-4: Types of landslides. Abbreviated version of Varnes’ classification of slope 
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In the present study area, there are four main type of landslides categorized in the study area such as 
rock fall, rock slides, debris slides and debris flow. Following are the examples of prominent 
landslides in the region. 

                  

Gulabkoti Rock fall                                              Patalganga landslide 

                 

Tangni Rock and debris slide                               Debris slide in toe cutting/bank erosion 

 

 

                

  Near Lambagar, Debris slide                            Debris slide in toe cutting/bank erosion 

Figure 3-4: Occurrences of landslides on different causes 
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Landslide activated by road cutting                     Landslide activated by road cutting near 
                                                                                  Pipalkoti 
 

                     
 
Landslide activated by constructon                                      Landslide developed due to  
on stable colluvial zone                                                           unsystematic water flow 

Figure 3-5: Landslides affected by anthropogenic factors 
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Figure 3-6: Rock fall Location E5, Near Alaknanda & Dhauliganga confluence 

    [Cartosat-1 1:10,000] 

 

Figure 3-7: Location Rockslide with debris slides 
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Figure 3-8: (a) Debris Slide (Location No. E 24 Lambagar); 

 (b) Debris flow (Location No. E 36, 15 km from Badrinath towards Joshimath). 
 

3.9.1. Causes of Landslides 

The influence of lithological character and structural features on the occurrences of landslides is well 
observed at various places in the study area i.e. main valleys of Alaknanda as well as on its tributaries. 
Most of the major landslides are observed in the area with rock exposures (gneisses, schist, dolomites 
and slates), as well as weathered material. Notable zones of huge landslides are observed in Lambagar, 
Baldora, Pakhi and Belakuchi in Alaknanda valley. Most of the slides appear to have been caused 
along weak zones related to tectonic features like faults or structurally weak portions of anticlines. 
These structural features have resulted in crushing and crumbling of lithounits making them 
vulnerable to mass movements. Steeply dipping open joints are common in these rocks and on steep 
slopes these features add to the problem of instability in the area. Most of the deformations in the 
rocks are likely to be linked with the kinematics of Main Central Thrust (MCT), which passes through 
centre of the study area and is well established as a major tectonic feature of Himalayan range. The 
thick accumulation of old landslide debris in the area might have been derived from the rock slides 
due to low magnitude earthquakes in the region. 
 
Tight folding, mainly in the core of an anticline, affecting the limestone/ slate sequence of Garhwal 
Group of rocks and gneisses, micaceous schist and migmatites of central crystalline due to highly 
fractured and jointed nature are responsible for rock fall activity, as they have also added in crushing 
the rocks and making them crumbly in nature. Gneisses, limestone/ dolomites are comparatively hard, 
massive and relatively stable but the joints and fractures and intercalations of thinly laminated schist 
with gneiss facilitate rock disintegration whenever exposed on the steep slopes, causing rock failures, 
especially during rainy season when these rocks get over saturated. 

(a) 
(b) 
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The quartzite exposed in the region being hard, massive, compact and resistant to weathering are 
comparatively more stable even when the slopes are steep. Wherever these are affected by some 
structural weakening, the stability of slope is dependent upon the size, density and orientation of 
joints, fractures, faults and bedding plane with reference to the direction and amount of slope. 

The effect of joints in causing failure of hill slopes is very well depicted in area where the road section 
has exposed the presence of 3-4 sets of joint involved in wedge/planar failure. One more reason for 
failure in limestone and calcareous units in the area is due to the process of chemical weathering 
causing rock disintegration. 

One of the most common and most obvious causes of landslides lies in undercutting of the toe of a 
slope either by natural or anthropogenic cause. This results in the increase of slope gradient, which 
further causes change of stress in the rock mass resulting in the disturbance of equilibrium. Good 
examples of bank erosion are observed both in Alaknanda and its tributary valleys, where under 
cutting of the slope as a result of toe-erosion have caused sliding, or may cause sliding in future. 

3.9.1.1. Geomorphological Aspects 

The present day landscape is the product of interaction of different geomorphic processes and the 
available earth or rock materials. Since the present study was mainly concerned with the landslide 
aspects of the region, main emphasis has been given to the interpretation of processes of weathering 
and mass wasting causing landslides. In the higher reaches of the study area frost action causes 
widening of existing joints and form new ones as cold moist climate is experienced in this area during 
winter mainly on account of altitude and precipitation. Secondly, mechanical and chemical weathering 
gradually disturbs the cohesion of rocks and results in slope failure. Chemical weathering weakens the 
integranular matrix and results in decrease of cohesion. During monsoon rains the possibilities of 
chemical weathering increase affecting mainly the limestone and calcareous units. (Oldham, 1883) had 
recorded the chemical analysis of limestone and had explained the processes, which may be one of the 
reason of major rock falls in calcareous units of the area. It is evident that freezing and thawing in the 
presence of moisture and chemical action of water during monsoon season are most important 
weathering agents in the area. With the increase in availability of water during the monsoon season, 
the products of weathering are removed either in solution or by the processes of mass movement and 
transportation by running waters.  

The process solifluction is generally observed at higher altitude above 3000m, which are under snow 
cover at least for part of the year. The contact between the overlying mantle, which thaws during 
warm period, and underlying permanently frozen ground provides a zone along which movement may 
readily take place. Solifluction lobes are the characteristics features of such hill slopes. 

The action of water, in addition to the gravitational force results in various types of failure and 
movement, which may vary, from landslides to mudflow or sheet flow. In the area under study, gravity 
and water action are found to be mainly responsible for large mass wasting processes. Cloudburst and 
flash floods are most common factors that lead to rapid and massive landslides in Uttarakhand. In the 
present area, some of the old landslide debris accumulated on the hill slopes may be stable in the dry 
season, but when these get saturated with water during rainy season, the same debris may give rise to 
major slides. Very good examples of such features may be seen in Lambagar, Pakhi, Belakuchi 
Patalganga and Helang regions. This may be one of the reasons for the disaster of 20 July, 1970 when 
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the old slide debris, after getting saturated due to heavy rainfall gave rise to large debris avalanche in 
the valley and temporarily blocked the river courses. 

3.9.1.2. Anthropogenic  Effects 

Many times civil engineering construction also lead to the slope failure. In the present study area, it 
has been observed that at some places, where the road passes through half tunnels, overhang portions 
are left unprotected. These overhang portions can be observed about 2 km before Helang villages, 
between Panai Gad and Patalganga where the road passes through limestones. These limestone show 
the presence of joints in overhang portions, and are most vulnerable and dangerous features. At places 
the road passes through the old landslide debris (between Pakhi and Belakuohi) that is not stable. Rock 
excavation through blasting as carried out in construction and widening of the road produce vibrations 
in rocks and make them more vulnerable to slope failure. Hence controlled blasting/ excavation should 
be ensured so that vibration is contained. 

The explosives used in construction and widening of the road produce vibrations of different 
frequencies in rocks, and thus a temporary change of stress can disturb the equilibrium state of the 
slope further resulting in slope failure. Hence it should be ensured that large quantities of explosives 
are not blasted at a time in the area, which may disturb the rocks in the vicinity or shatter them. 

3.9.1.3. Vegetational Aspect 

The binding effects of roots of trees adds to the stability of slope. Deforestation and removal of 
vegetation leave slopes exposed to excessive soil erosion, which later give rise to sliding. In addition 
overgrazing of grassy slopes by animals also adds to removal of protective soil cover leading to excess 
soil erosion and landsliding. 

3.9.1.4. Neotectonics, Earthquakes and Seismicity 

The study area falls in the Zone –V (highest class) of the seismic hazard map of India and has 
experienced many tremors in the recent past. The earliest record of catastrophic event is in 1803, 
which killed 200-300 people in Uttarkashi, and Badrinath was also severely affected. About 24 
earthquakes of magnitude > 5.5 were recorded in the higher crystalline area since then. The Uttarkashi 
Earthquakes of 20th October, 1991 and the Chamoli Earthquake of 29th March, 1999 are the recent 
ones that caused extensive seismicity induced landslides (Kumar, 2005). The excessive talus cones of 
rock fall suggest the effect of earthquake-induced landslide. Since this area around MCT is a known 
active tectonic region, it is continuously under stress and is undergoing crustal adjustments since the 
last phase of Himalayan Orogeny.  These crustal movements, referred to as the neotectonic activity, 
are identifiable in the form of reactivation of some of the existing major tectonic lineaments as a result 
of these adjustments and seismic tremors, rock strata is weakened and is more vulnerable to landslides. 

3.9.1.5. Control Measures of Landslides 

The effect of landslide phenomenon can be minimized by taking several controlling measures. These 
measures can be categorized into long term and short-term measures. The long term measures include 
protection of slopes by creation of vegetation cover with appropriate tree cover (Bisht et al., 2005). It 
was observed that pine trees with shallow root network is not very effective in adding root strength, on 
the contrary, it adds weight to the vulnerable slope, thus increasing to downward force and shear stress 
on the slope. Controlled grazing and soil conservation measures are other important means of slope 
protection. The engineering intervention such as interceptor drain, trench drain, horizontal and 
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inclined drain, lining of the drain as well as toe wall, retention wall, breast wall construction at 
appropriate sites will strengthen the slope. The soil nailing and rock bolting as well as soil hardening 
along with slope modifications are measures required for stabilisations of the slopes. Some of the 
discussed methods have been applied in the study area, but due to lack of maintenance and 
inappropriate design have rendered these measures ineffective. Therefore, site-specific measures must 
be designed and in the present thesis, such elaborate treatment is out of scope hence it is mentioned in 
the database only to provide information on slope condition. 
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4. Satellite Data Processing 

In this study multi-temporal and multi-resolution imagery have been used for characterization of 
landslide areas. To meet the requirement, a variety of remotely sensed images, available from different 
sensors, with varying radiometric, spatial and spectral resolution, were analysed. As the study is 
concentrated on landslides that occur during monsoon season, the data acquired just after the monsoon 
i.e. during October and December is considered as best for landslide identification and mapping. The 
images of LISS-IV, LISS-III, PAN, Cartosat-1, and AWiFS were acquired, which offers spatial 
resolutions of 5.8m, 23.5m, 5.8m, 2.5m and 56m respectively.  To attain the objectives of the study, 
the following satellite dataset, ancillary data software and techniques were used. 
 

S.No Satellite Sensor Date of acquisition Path and Row 

1 IRS P6  Resourcesat-1 AWiFS 18 Nov 2005 - 

2 LANDSAT ETM (MX), 
Band 1,2,3,4 

15 Oct 1999 145-039 

3 LANDSAT ETM (PAN), 
Band 8 

15 Oct 1999 145-039 

4 IRS-1D LISS III 26 Mar 1999 097-049 

5 Terra ASTER 09 Nov 2000 54-913 

6 IRS P6 Resourcesat-1 LISS IV 10 May2004 202-50 

7 IRS P6 Resourcesat-1 LISS IV 03 Jun 2004 202-049 

8 IRS P6 Resourcesat-1 LISS IV 10 Jan 2005 202-037 

9 IRS P6 Resourcesat-1 LISS IV 28 Mar 2005 202-041 

10 IRS P6 Resourcesat-1 LISS IV 22 Mar 2006 201-060 

11 IRS P5 CARTOSAT 1 PAN,(Stereo) 09 Nov 2005 534-258 

12 IRS P5 CARTOSAT 1 PAN,(Stereo) 20 Nov 2005 533-258 

13 IRS P5 CARTOSAT 1 PAN, (Stereo) 11 Nov 2006 534-257 

14 IRS P5 CARTOSAT 1 PAN, (Stereo) 11 Nov 2006 534-258 

Table 4-1: Details of optical satellite data products used in present study 
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4.1. Landsat 7 

The Landsat programme is the oldest civil earth observation programme. It was started in 1972 with 
the Landsat-1 satellite with on board multispectral sensor (MSS). In 1982, Thematic Mapper (TM) 
replaces MSS. In April 1999 Landsat-7 was launched carrying the ETM+ scanner. Today it is 
operanational and its orthorectified data can be downloaded freely>Apart other uses it is good in 
geological mapping. Only band 1to 5 and 8th Panchromatic band were used in the present study. 
 
Band Wavelength Spatial 

resolution at 
nadir (Across 
Track) 

Swath width Radiometric 
resolution  

Revisit time 

1(Blue) 0.45 µm to 0.52 µm 
2 (Green) 0.52 µm to 0.60 µm 
3 (Red) 0.63 µm to 0.69 µm 
4 (NIR) 0.76 µm to 0.90 µm 
5 (MIR) 1.55µm to 1.75  µm 

 
30 m 

 

6 (Thermal) 10.40µm to12.55µm 60 m 
7 (SWIR) 2.08µm to 2.34 µm 30 m 
8 (PAN) 0.50µm to 0.90 µm 15 m 

 
 
185 km 
 

 
 
8 bit 

 
 
16 days 
 

Source:http://www.cpc.unc.edu/projects/ecuador/metadata/landsat_etm.html 

Table 4-2: Landsat-7  ETM+ sensor bands detail 

4.2. Terra ASTER 

The EO mission of NASA, AM-1 satellite, later renamed as Terra was launched in Dec 1999. It carries 
five remote sensing instruments including ASTER. The ASTER has got four bands in VNIR, six in 
SWIR and five in TIR range The characteristics of bands used in the present study are mentioned in 
the table: 

Band Wavelength Resolution at 
nadir (Across 
Track) 

Swath 
width 

Radiometric 
resolution 

Revisit 
time 

1 (Green) 0.52 µm to 0.60 µm 
2 (Red) 0.63 µm to 0.69 µm 
3a(NIR) 0.78 µm to 0.86 µm 
3n(NIR) 0.78 µm to 0.86 µm 

 
15m 
 

 
60 km 
 

 
8 bit 

 
16 days 
 

Table 4-3: Terra ASTER sensor bands detail 

4.3. IRS 1D 

IRS 1D was launched on 29 Sep 1997 with WiFS, LISS-III and PAN sensors. In the present study 
LISS-III multisectral data was used with the following characteristics: 
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Band Wavelength Resolution 
at nadir 
(Across 
Track) 

Swath 
width 

Revisit time 

1 (Green) 0.52 µm to 0.59 µm 
2 (Red) 0.62 µm to 0.68 µm 
3 (NIR) 0.77 µm to 0.86 µm 

 
23m 
 

4 (SWIR) 1.55µm -1.70µm 70m 

 
142 km 
 

 
25 days 
 

Table 4-4: IRS 1D, LISS III sensor bands detail 

4.4. IRS P6 (Resourcesat-1) 

The Resourcesat-1 was launched into polar sun synchronous orbit by PSLV-C5 vehicle on 17 
Oct’2003. It was designed to provide multispectral, monoscopic and stereoscopic imagery of earth’s 
surface. AWiFS, LISS-III and LISS-IV are the sensors on board. LISS IV is a multi spectral high-
resolution sensor with a spatial resolution of 5.8m. This sensor was chosen for its high spatial 
resolution and multispectral coverage. The AWiFS sensor with a spatial resolution of 56 m is an ideal 
sensor for landslide monitoring due to relatively quick revisit time of 5 days.  Although no study has 
been carried out to exploit the capability of AWFIS sensor to map landslides, it shows promises as 
subtle variation of NDVI can be detected by temporal  analysis as demonstrated for  land use / land 
cover  assessment using  SPOT Vegetation and NOAA AVHRR (Defries and Townshend, 1999; 
Hansen, DeFries, Townshend and Sohlberg, 2000; Cihlar, 2000; Liu, Zhuang, Lou, & Xiao, 
2001; Xiao, Moore, Qin, Shen, & Boles, 2002). Although comprehensive treatment is out of scope 
of this thesis, in the present study, AWFIS data was used only for detection of large landslides due to 
tonal difference. The spectral characteristics of the sensors are given in the table below. (source: 
www.nrsa.gov.in) 

LISS IV 
Band Wavelength Resolution Swath width Revisit time 

1 (Green) 0.52 µm to 0.59 µm 

2 (Red) 0.62 µm to 0.68 µm 

3 (NIR) 0.77 µm to 0.86 µm 

 

5.8m 

 

 

23.5 km 

 

 

24 days 

 

Table 4-5: IRS P6 LISS IV sensor  bands detail 

AWiFS 

Band Wavelength Resolution at nadir 
(Across Track) 

Swath 
width 

Revisit 
time 

1 (Green) 0.52 µm to 0.59 µm 

2 (Red) 0.62 µm to 0.68 µm 

3 (NIR) 0.77 µm to 0.86 µm 

4 (MIR) 1.55µm -1.70µm 

 

             56m 

 

 

370 km 

 

 

5 days 

 

Table 4-6: IRS P6 AwiFS sensor bands detail 
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4.4.1. IRS P5 (Cartosat-1) 

The payload system of IRS-P5 consists of two Panchromatic solid state cameras - Fore and Aft, 
mounted at +26 degrees and -5 degrees with respect to nadir to generate stereoscopic image of the area 
along the track. Both the cameras work on the ‘pushbroom scanning' concept using linear arrays of 
Charge Coupled Devices (CCDs) as sensors. It would be mainly useful for map making and terrain 
modeling. The spacecraft body is steerable to compensate the earth rotation effect and to force both 
Fore and Aft cameras to look at the same ground strip when operated in stereo mode. It is also possible 
to operate the cameras in wide swath mode by suitably maneuvering the spacecraft. The spacecraft has 
roll tilt capability, which can be utilized for faster global coverage (source: www.nrsa.gov.in). 
 

Band Wavelength Resolution Swath width Revisit time 
PAN(Fore) 0.50 µm to 0.85 µm 30 km 
PAN(Aft) 0.50 µm to 0.85 µm 

2.5 m 
 27 km 

5 days 
 

Table 4-7: IRS 5 Catrosat-1 sensor bands detail 

(http://www.euromap.de/docs/doc_003.html) 

4.5. Ancillary data: 

The Survey of India (restricted) Toposheets Nos. 53N/6, 53N/7, 53N/10 and 53N/11 on 1:50,000 scale 
with information on relief, road, location were used for generating basic data such as drainage, 
location, road network map of the region. These topographical maps are classified as restricted as 
these cover International boundary and can be used for official purpose by identified government 
agencies.  This poses problem for landslide related studies mainly due to following reasons: 1) 
landslides mostly occur in the Himalayas, bordering Tibet, China, Nepal and Pakistan and these areas 
are covered by restricted topographical maps and contour heights can only be digitised by few selected 
government agencies; 2) topographical maps contain information which are almost 30 years old 
thereby lacking details of new roads and other infrastructure development which have a bearing on 
slope modification and hydrology influencing landslides at many places; and 3) most of such maps are 
only available on 1:50,000 scale with contour interval of 40m. 
 

4.6. Hardware & Software 

• Pentium IV processor based computer system with 512 MB RAM 
• ERDAS IMAGINE 9.1, ENVI 4.3, Arc View 3.2a and Arc GIS 9.1 
• Endnote7 and Microsoft Office- 2007 package for report writing and presentation. 

 

4.7. Pre-processing 

Preprocessing of satellite images prior to image classification and change detection is essential before 
the data is put to any use. Preprocessing commonly comprises a series of sequential operations, 
including radiometric correction, image registration, geometric correction, and masking (e.g., for 
clouds, water, irrelevant features) (Coppin & Bauer, 1996). Each generation of sensors shows 
improved data acquisition and image quality over previous generations. However, some anomalies still 
exist that are inherent to certain sensors and can be corrected by applying suitable sensor based models 
as well as GCP based corrections (Lillesand and Kiefer, 1987). In addition, the natural distortion that 

http://www.nrsa.gov.in/
http://www.euromap.de/docs/doc_003.html
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results from the curvature and rotation of the Earth in relation to the sensor platform produces 
distortions in the image data, which can also be corrected. Such geometric distortions that are caused 
by various systematic and non-systematic errors such as camera and sensor orientation, terrain relief, 
Earth curvature, film and scanning distortion, and measurement errors need to be rectified before the 
satellite data is put any meaningful result (Wolf 1983, Konecny and Lehmann 1984, Kraus 1984, 
Wang, Z.1990, Jensen 1996) (Jensen, 1996). Therefore, in the present study attempt has been made on 
geometric correction by simple GCP based method as well as orthorectification based approach. The 
radiometric correction has been carried out only to reduce the haze component and retain maximum 
original radiance response. The shadow effect has been reduced by complimentary image display, 
although it could not be removed completely, thereby limiting observation in dark shadow areas. In 
summary, the following has been carried out before image interpretation. 

I. Firstly, the topographical sheets were initially registered with geographic lat-long coordinates 
then reprojected in WGS 1984 datum as well in UTM coordinate system in zone 44 so that these 
are in uniformity with other acquired data. 

II. Landsat TM (Thematic Mapper) and Enhanced Thematic mapper (ETM+) were all georectified 
by co-registering the TM images to the ETM+ image which was initially ortho-rectified with 
respect to SRTM DEM (Bunzendahl, 2002) 

III. AWiFS, LISS III, LISS IV and CARTOSAT-1 images were orthorectified (process explained 
below in point No. 4.4.1) and used to identify the landslides in the study area. All the raw 
images of Cartosat-1, LISS IV and ASTER were rectified and resampled to 2.5m, 5.8m and 15 
m respectively. 

IV. The merging of gray scale and multi-spectral image give enhanced image because of both high 
spatial and spectral resolutions. Hence a merged image using LISS-III and PAN data was 
created for better satellite data interpretation.  

V. The dark pixel subtraction technique assumes that the pixels of lowest DN values in each band 
of a scene containing shadows and water bodies should correspond to radiance or reflectance 
value of zero, and hence any value above zero is the result of atmosphere-induced additive 
errors (Chavez et al., 1977; Crane, 1971). Although these assumptions are very tenuous and 
recent work indicates that this method may actually degrade rather than improve the data 
(Crippen, 1987). 

 
 

4.7.1. Haze Correction 

In each band of IRS-P6 LISS IV raw data with three bands (B2, B3 &B4), dark pixels were found in 
shadow of hills/cloud and DN values were extracted (Table-4.8). Then in each band lowest value was 
subtracted to reduce the haze component. It was observed that in the present case the scene quality 
improved significantly and FCC of band 3, 2, 1 shows much better response from terrain elements 
than the uncorrected image (Figure 4-1). 
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Dark object DN value S. 
No 

Data Used 

(Raw Image) 

 Date of Acquisition 

(B2)Green 
band 

(B3)Red 
band 

(B4)IR 
band 

1 IRS P6_LISS4_202_40_280305 28March 2005 76  60 34 

2 IRS P6_LISS4_202_37_100105 10 Jan 2005 51 43 21 

3 IRS P6_LISS4_202_49_030604 3 June 2004  27 20 13 

4 IRS P6_LISS4_202_50_100504 10 May 2004 30 25 17 

5 IRS P6_LISS4_201_59_100504 10 May 2004 23 20 10 

6 IRS P6_LISS4_201_60_100504 10 May 2004 20 18 10 

Table 4-8: DN values of dark pixel in IRS P6 LISS4 datasets 

 

Figure 4-1: Raw image (LISS IV) 22 March 2006 and dark pixel subtracted image 

 

4.7.2. DN to Radiance Conversion 

These DN values refer to area falling in active-slides and non- active slide portion. But the range is 
quite varying in different scenes/sensors so radiance of these images was calculated in order to give a 
sensor independent representation. The brightness of radiation reflected from the earth’s surface is 
measured as brightness (watts) per wavelength interval (micrometer) per angular unit (steradian). 
Radiance records actual brightness, measured in physical units. Use of digital numbers (DNs) 
facilitates the design of instruments and data communications and the visual display of image data. For 
visual comparison of different scenes, or analyses that examine relative brightness, use of DNs is 
satisfactory. However, as DN values on one scene do not represent the same brightness/radiance as 
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represented by same DN from another scene, DN values are not comparable from scene to scene. If an 
analysis requires actual scene brightness, it is necessary to convert to radiance values represented by 
physical units. This requires knowledge of calibration data specific to each instrument. The given 
sensor must provide accurate measure of brightness and it must be calibrated against targets of known 
brightness. As the sensitivity of the electronic sensor tends to drift over time, so to maintain its 
accuracy it must be recalibrated time to time (Campbell, 2003). 

In case of IRS P6, the calibration (Lmin and Lmax) data was extracted from leader file and putting 
these values (Table ) in the following formula, the radiance was calculated for each band of the dark 
pixel corrected satellite data ( Bhuyan et al., 2007). 

        Lrad = (DN/MaxGray )*(Lmax-Lmin) + Lmin 
Where,  
Lrad:  Radiance corresponding to a given DN value. 
  DN:  Digital Number  
The radiance values thus calculated for each band represent the upwelling radiance of terrain objects 
that can be compared with other sensors.  

Lmax S.No Raw Image 

Band1 Band2 Band3 

1 IRS P6_LISS4_202_50_100504 27.1651 23.0566 36.773 

2 IRS P6_LISS4_202_49_030604 27.1651 23.0566 36.773 

3 IRS P6_LISS4_202_40_280305 11.6054 9.9223 17.2387 

4 IRS P6_LISS4_202_37_100105 11.6054 9.9223 17.2387 

5 IRS P6_LISS4_201_59_100504 27.1651 23.0566 36.773 

6 IRS P6_LISS4_201_60_100504 27.1651 23.0566 36.773 

Table 4-9: Lmax of LISS IV raw bands 

4.7.3. Image Enhancement 

Image enhancements were applied to optical images for better differentiation of the landslide features. 
The most commonly applied digital enhancement techniques include contrast enhancement (grey-level 
thresholding, level slicing, and contrast stretching), spatial feature enhancement (spatial filtering, edge 
enhancements), and multi image enhancement (Multispectral band rationing, vegetation index, 
intensity-hue-saturation (IHS) color space transformations). 
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4.7.4. 

4.7.5. 

Image Fusion 

Ideally image fusion techniques should allow combination of the high spatial resolution of an image 
with the high spectral resolution of another, keeping the basic radiometric information of latter (Pohl 
and Genderen, 1998). Furthermore, data fusion provides several advantages such as: preservation of 
computer storage space, enhancement of aesthetic and cosmetic qualities, analytical improvements and 
low costs for obtaining high resolution data(Carter, 1998). Intensity-Hue-Saturation (IHS), Principal 
Component Analysis (PCA) and Wavelet Transform (WT) are among the most used image fusion 
techniques ;(Carper et al., 1990; Chavez et al., 1991; Garguet-Duport and WaveMerg:, 1997; Garguet-
Duport et al., 1996; Wieczorek, 1984). The PAN image Landsat-7 has a spatial resolution of 15.0 
meters and the ETM+ MX image has spatial resolution of 30m meters thus PAN having a very good 
spatial resolution whereas MX has a good spectral resolution. To have the advantage of both 
resolutions MX images were merged with PAN data  using IHS in ERDAS IMAGINE 9.1. 

Spectral Discrimination of Landslides 

In the present study area most of the large landslides can be discriminated primarily based on tonal 
difference due to exposure of the fresh rock and debris. The fresh rock exposure and debris associated 
with active landslides show very high DN value as well as radiance compared to old and inactive 
landslides. As mentioned else where, the active and old landslides have been interpreted based on a 
large number of terrain elements, in the present section only the tonal difference is highlighted. It is 
observed that the landslide bodies and barren area show high DN as well as radiance values, however, 
the former shows higher values when very active. Table No. 4-10 and 4-11 show the range of DN 
values for active as well as old landslides on LISS IV images (10 May 2004) after haze removal and 
radiance conversion, respectively. Both the tables show significant difference between two categories 
of landslides based on activity. Similar or better discrimination is also observed between active 
landslide and stable slopes covered by vegetation. However, the difference between the barren rock 
exposures and landslides is subtle and as shown in the Figure 4-2, the active landslides show 
marginally higher values as compared to barren rock exposure. 

Category Band_2 (0.52-0.59) Band_3 (0.62-0.68) Band_4 (0.77-0.86) 

Active 51-89 69-115 39-53 

Non-active 22-29 30-38 23-29 

Table 4-10: Range of DN values of pixels in active and non active landslides 

Category Band_2  
(0.52-0.59) 

Band_3  
(0.62-0.68) 

Band_4  
(0.77-0.86) 

Active 6.1-9.0 7.2-10.2 5.6-7.1 

Non-active 4.7-5.3 5.6-6.6 4.6-5.4 

                                                                         (Unit: milli watt/sq cm/str/micrometer) 

Table 4-11: Radiance values in LISS IV 
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Landslide body                                       Radiance values in Landslide, LISS IV 10May’04 

             
Non Landside barren terrain 

Figure 4-2: Radiance values in non-landslide, LISS IV 10May’04 

 

4.7.6. Orthorectification 

Orthorectification is the process of transforming image acquired in a particular imaging geometry to 
an accurate orthogonal projection. Without orthorectification, it is not possible to geocode the image 
of hilly terrain and correlate with satellite data acquired by other sensors using different viewing 
geometry. 

In order to orthorectify imagery, a transformation model is required which takes into account the 
various sources of image distortion generated at the time of image acquisition. These include: Sensor 
orientation, Topographic relief, Earth shape and rotation, Sensor orbit and attitude variations and 
Systematic error associated with the sensor. 

Orthorectification generates planimetrically true orthoimages in which the displacement of objects due 
to sensor or camera orientation, terrain relief, and other errors associated with image acquisition and 
processing has been removed. The orthoimage has the geometric characteristics of a map and the 
image qualities of a photograph. The objects on an orthoimage are in their true orthographic positions. 
Therefore, orthoimages are geometrically equivalent to conventional line and symbol planimetric 
maps. Any measurement taken on an orthoimage reflects a measurement taken on the ground (ERDAS 
Field guide, 2005).  

The simplest way available in most standard image processing systems is to apply a polynomial 
function to the surface and adapt the polynomials to a number of checkpoints (GCPs). The procedure 
can only remove the effect of tilt, and can be applied on both satellite images and aerial photographs. 
One of several polynomial orders may be chosen, based on the desired accuracy and the available 
number of GCPs.  

The CARTOSAT-1 and LISS IV images used in the study were orthorectified using a SRTM DEM in 
which voids were filled up with interpolated GTOPO DEM and then resampled to 25m spatial 
resolution.  Resampled SRTM DEM was used as it was the only DEM available for the whole of the 
study area, although for a sample area high resolution CARTOSAT DEM was generated. An 
comparison was also made on the quality of SRTM DEM as well as CARTOSAT DEM and it was 



LANDSLIDE MONITORING IN SPACE AND TIME USING OPTICAL SATELLITE IMAGERY AND DEM DERIVED PARAMETERS: CASE 
STUDY FROM GARHWAL HIMALAYA, UTTARAKHAND, INDIA  

observed that although SRTM DEM generalises the topographical features, broadly both match, 
except for peaks and deep gorges. Inputs to rigorous Orthorectification include sensor information, 
orbital parameters, ground control, and elevation information. The following parameters for 
Orthorectification were used in case of different images: 

Sensor Camera Focal 
length (in 
mm) 

CCD  size  Ground 
resolution 

Sensor 
column 

Cartosat-1 1945  0.01mm 2.5m 

Green band 
983.12  
Red band 
982.40 

LISS IV 
 

IR band  
981.90 

0.007mm*0.007mm 
 

5.8m 
 

12000 
 

Green band 
346.411 
Red band 
346.411 
IR band 
346.411 

0.01mm*0.007mm 
 

LISS III 
 

SWIR band 
300.177 

0.013mm*0.013mm

23.5m 
 

1*6000 
 

Green band 
139.530 
Red band 
139.530 
IR band 
139.530 

0.01mm*0.007mm 
 

AWiFS 
 

SWIR band 
181.355 

0.013mm*0.013mm

56m 
 

2*6000 
 

Table 4-12: Sensor parameters 

4.8. Generation of DEM from Cartosat-1 

The Digital elevation model was generated by Cartosat –1 stereo pair, Cartosat-1 20 Nov 2005 (path 
534 row 258), in ERDAS 9.1 Leica Photogrametric Suite (LPS). In total at 24 GCPs, planimetric 
coordinates (x, y) were taken from orthorectified ETM+, out of which 11 were found to have good 
location accuracy as per the chosen polynomial model. The relief values were taken from SRTM DEM 
in which voids were filled up with GTOPO DEM. These coordinates were used for triangulation that 
gave less than 0.2 RMSE value. Thus a DEM at 25m resolutions (as a default option in the LPS) was 
generated for the southern part of the study area and a Point Status Output Image (quality map), which 
is a thematic image depicting the correlation quality of match points used in the output DEM, was also 
generated (Figure 4-3). Points considered Excellent have a correlation value between 1 and 0.85. 
Good DEM points have a correlation coefficient between 0.85 and 0.70. Fair points are between 0.70 

40 



LANDSLIDE MONITORING IN SPACE AND TIME USING OPTICAL SATELLITE IMAGERY AND DEM DERIVED PARAMETERS: CASE 
STUDY FROM GARHWAL HIMALAYA, UTTARAKHAND, INDIA  

and 0.50. As shown in Figure 4-4, the point status image referred for DEM extraction of the study 
area shows overall satisfactory results. For a general assessment and comparison for the purpose of 
ortho image generation, resampled SRTM DEM was compared with CARTOSAT DEM and as 
mentioned before, except at peaks and deep gorges, both the DEMs correspond well and the SRTM 
DEM is more generalised as expected, however, considering the expected parallax with satellite 
viewing geometry, it can be used for orthorectification of moderate to low resolution satellite images. 
The CARTOSAT image is orthorectified with respect to the DEM derived from stereo pairs and as 
expected at peaks, the image correlation was poor (maximum 50m variation). 
 

 

Figure 4-3: DEM derived from Cartosat-1 stereo pair 

 

Figure 4-4: Point Status Output Image (Quality Map) in DEM generation 

4.9. 3D Visualisation 

Landslides in the study area were detected through a visual interpretation of remotely sensed data 
aided by digital image processing. In the present study, the high resolution CARTOSAT-1 imagery 
(2.5m spatial resolution) acquired on 09 Nov 2005 (path 534 and row 258), 20 Nov 2005 (path 533 
and row 258) and 11 Nov 2006(path 534 and row 257) and (path 534 and row 258) were used due to 
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stereo viewing capability in high resolution. High resolution data products provide 3-D perspective, 
that can be exploited for image interpretation by using following techniques (Nichol et al., 2006): 

• Anaglyph image viewing;  
• 3-D viewing on a stereo- plotter;  
• 3-D perspective view using DEM. 

 
Anaglyphs are stereoscopic images in which the left-eye image and right-eye image are separated by 
means of color filtering. The filter colors are usually red/green or red/blue. Each filter prevents one 
eye from seeing the image that is meant for the other eye. By displaying the right stereo image in red, 
and the left stereo image superimposed upon it in green, a 3-D image is seen when viewed through 
matching colored 3-D glasses. It is one of the effective tools in detecting landslides compared to other 
viewing methods (Figure 5.17). 
 
In the present study, first two methods were employed using CARTOSAT-1 Aft image (with less 
distortion compared to Fore image) and DEM for making 3-D viewing. In ERDAS 9.1 software, using 
topographic analysis tools, anaglyph was generated with exaggeration of 2.0, on 1: 10,000 and 
1:40,000 scale. It was observed that anaglyphs on 1: 40,000 produced better 3D effect due to higher 
relief difference between terrain objects covered in the frame.  

For stereo reconstruction, a new block file was generated using rational polynomial coefficient (RPC) 
in Leica Photogrammetry Suite (LPS). Both the Fore and Aft images were added to the frame and 
using RPC text file, interior and exterior orientation of both the images. By selecting Aft as a master 
image and Fore as slave image, stereo image pairs were generated with 80% overlap for better 3D 
perception in aiding slope monitoring and interpretation (Figure 5.18 & 5.19). 

4.10. Normalized Difference Vegetation Index (NDVI) 

The Normalized Difference Vegetation Index (NDVI), the normalised ratio between infrared and red 
band best represents the vigour of vegetation growth and is widely used for characterising various 
types of vegetation and their growth stage. Therefore, it can also be used to identify the disturbed 
vegetation associated with landslides as well as vegetation removal areas due to slope failure.  For 
different  sensors it can be calculated as: 
 
   )/()( RNIRRNIRNDVI +−= , 

For LISS IV images: )23/()23( bandbandbandbandNDVI +−=  

For ASTER images: )23/()23( bandabandbandabandNDVI +−=  
For TM images:  NDVI = (band4 – band3) / (band4 + band3)         
 
In the present case, the LISS IV image was used for generation of NDVI image and it was revealed 
that near active slides, the NDVI values vary from -0.308 to -0.243. 

4.11. DEM parameter extraction 

Slope and aspect are important parameters which generally influences the occurrences of landslides in 
Himalayan terrain, where most of the south and south east facing aspects are devoid of vegetation or 
with sporadic vegetation cover and experience heavy rainfall due to orographic effect resulting in 
rapid erosion and slope failure on moderate to steep slopes. In the present study slope gradient and 
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aspect maps were classified with seven slope classes, viz., 0-15°, 15°-25°, 25°-35°, 35°-45°, >45° and 
eight slope directional aspects classes (Figure 4-5 & Figure 4-6). As presented in most of the 
landslides occur in between 25- 35 and on the southern aspect. Other DEM based parameters such as 
slope curvature was not considered as the active as well as old landslides invariably show concave 
slope in the region and it becomes too obvious a parameter. The contributing slope area/ basin area 
and length of the slope could not be calculated as the area refers to only 5 km on either side of the 
road/valley and it often cuts across the drainage basin. The absolute relief was not considered due to 
mainly two reasons, firstly, the higher relief areas mostly occur beyond MCT zone, although fragile 
but experiences less rainfall, hence less susceptible to landslide. The lower relief areas however 
experience more rainfall but occurs in Lesser Himalayan region, which consists of relatively stable 
slopes, except near structural discontinuities such as fault and lineaments. Hence the effect of the relief 
is considered as varying equally in the entire study area. Therefore, slope gradient and aspect were 
only considered for terrain characterisation. 
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Figure 4-5: Landslides number falling in different slope amount 
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Figure 4-6: Landslides numbers in different aspects 
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5. Terrain Analysis and Image 
Interpretation 

5.1. Terrain Characteristics 

There are two factors responsible for instability of slopes. They can be categorized into two groups. 
Firstly, passive parameters- lithology, slope, landuse, soil cover, drainage and structure; secondly, 
active parameters - rainfall, earthquake and anthropogenic activity which initiate the landslide/ slope 
failure (Kanungo and Sarkar, 2003). The landslide occurrences in the Himalayan terrain depend on 
terrain parameters such as lithology, structure, physiographic setting and anthropogenic activities 
related to road construction, mining and urbanisation. To understand the role and contribution of these 
terrain parameters on landslide occurrences, remote sensing and GIS techniques can be applied 
(Westen, 1993).  

5.2. Relief 

The relative relief between main scarp and tip of the landslide is critical as it determines the size of the 
landslide. Secondly the position of the landslide with respect to relief also plays an important role. For 
example, a landslide at the lower part of the slope has larger run-off contributing area than the one on 
the up slope, therefore, larger landslides are often observed at the lower slopes adjacent to the river 
valley mainly due to bank erosion as well as larger contributing area of the up slope. Therefore, larger 
the relative relief, higher is the susceptibility of the region and this can be observed by drastic change 
in the elevation level in comparison to the just adjacent area especially in the zone of depletion. 

5.3. Slope Aspect 

The south facing slopes are more vulnerable in Himalaya as these experience more rainfall due to 
orographic effect and often presence of the sporadic vegetations due to continuously sun facing side 
this part become susceptible to landslides. The hill slope cannot with stand ample amount of the 
downpour without changing its morphology. 

5.4. Slope 

If the slope is more than a certain limit then the terrain is susceptible to landslide activities. The angle 
of slope sensitive to landslides depends on some factors. Though it depends on the other factors also 
like lithology, vegetation cover, and drainage condition, yet slope plays an important role for bringing 
changes in morphology of the terrain. In the case of overburden the angle of the repose is maximum 
up to 450, In   the case of the hard rocky area, it may be more that >450 angle if the rocks are compact 
enough and are of without or a few set of joints. But angle of repose reduces when the number of sets 
of the joints increases. 
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5.5. Distance from ridge 

Ridge portion of the hill remains stable in 
comparison to sloping face of the hills. When 
due to some reason may be torrential rainfall 
or continuous rainfall for a long period, the 
terrain gets over saturated. Due to the action of 
gravity, once failure starts then it shows an 
attitude to enhance its periphery. This depends 
on the proximity of the slide body from its 
ridge part. In lower portion landslide bodies 
get broad catchments and have more chances 
to expend and the chances are vice versa in 
case of landslide near ridge. Main Scarp of the 
landslides is Just near to the ridge of the hill 
slope. 

 

 
L No. E16A 

 

 
L No. E16B 

 

5.5.1. Distance from river 

The slopes in the proximity of the water channel become sensitive on the convex meandering portion, 
where the chances of toe erosion are maximum. This part can easily be identified by viewing the 
meandering of the river channel. 

5.5.2. Distance from road 

    
Debris slide forming ‘V” shape                            Rock fall and debris slide adjacent to motor road 
 
Some landslide types appear to correlate strongly with distance to roads. Generally constructional 
agencies prefer cost effective and stable alignment for the construction of the roads in the hilly region. 
But when the work of slope cutting of hill starts in comparatively high slopy thick overburden and 
more jointed rocky terrain then it becomes a problem. Due to blasting, the hill the rocks joints become 
wide. The displacement of rocks due to different sets of joints can be observed in images of high 
resolution in the vicinity Upward slope or downward slope of the road. 
 
In the quartzite and carbonate rocks of the lesser Himalayan zone and gneisses rocks of central 
crystalline show active slide zones (small V's) occur very close to roads. These slides occur in two 
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settings. Where the roads occupy ridge crests, active landslides are either downslope of the road grade, 
or on small roadcuts on the ridge crest itself. Where roads occupy the valley bottoms the landslides 
occur upslope of the road. In both cases it appears that human actions have caused the landslides, 
either by diverting concentrated roadside runoff onto slopes below the roads, or by cutting into steep 
sideslopes in the valley bottom. 
 

5.5.3. Head ward erosion 

It can be observed in temporal images of the higher resolution if the slides are in active state, it shows 
the bright signature due to the eroded masses or even if the landslide is going to stable then the 
vegetation growth will depict the nature of the landslide bodies. 
 

5.5.4. Bank erosion 

It is also known as toe removal, based on the morphology of the river course and flow pattern, bank 
erosion pattern can be interpreted. 
 

5.5.5. Presence of lineaments 

The talus and scree deposits, just on the foot of 
the hills, show the consequences of old 
tectonic or geomorphic activities of the past. 
Such type of features can be seen in the valley 
with the different tonal and textural 
characteristics with the adjacent part.   
  
 
 
 

5.5.6. Presence of large alluvial fans 

The large alluvial fans in the river channel 
show a sign of the huge landslides in the uphill 
side by which that much colluvial material join 
river bed material, as in case of Lambagar rock  
slides Such landslides show quite big boulders 
which can be recognized in the images of 
higher resolution. 
 
 

 
 
 
 
 

 
Huge accumulation of slided colluvial in 
Alaknanda river bed near Lambagar Bairaj 
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5.5.7. Presence of debris run out 

This is the most prominent feature that can 
easily be observed in mono or panchromatic 
multi-resolution images. A particular shape 
viz., elongated or oblate feature that starts right 
from any part of the hill to down most portion 
of that slope generally may be river channel. 
These features are oriented in a particular 
manner that depends on the type of materials 
and slope conditions involved.  

 
 
 

5.5.8. Man made features 

Man made features can also indicate the 
occurrence of landslides, or the presence of 
landslide hazard. Some features to consider: 
Retaining/Breast walls, Avalanche nets, (Rock) 
Buttresses to support unstable slopes (Erosion) 
Dams Artificial drainage (Diversion ditches, 
interceptor drains) 
 
 
 

 
 

 
 
 
 
 

 

 

5.6. Development of landslide identification features 

Landslide identification keys consist of a large set of parameters that contribute to identify a landslide 
and map its extent. These keys consist of set of parameters that are related to spectral as well as 
spatial/ contextual properties. These include the common image interpretation keys such as 
tone/colour, texture, shape, location, size and associated features. The tone and colour is mainly 
reflected by the spectral properties of landslides such as landslide scar or deposits or both of them 
show high radiance due to removal of vegetation. This is mostly the case with active slides, however, 
when these are small in size or occurs adjacent to barren rock exposures; it is often difficult to 
interpret. In case of rockslides on barren slopes, the radiance of landslide debris is slightly higher than 
the rock exposure with similar illumination. It is important to note that radiance of rock-slide must be 
compared with that of undisturbed strata with similar illumination. 

During early stages of landslides minor barren scars are observed at the crest region without any 
visible run out. However, in case of old landslides, such areas correspond well within few meters of 
the crest. Old landslides can be observed on images due to variation of vegetation growth, sometimes 
the landslide mass supports growth of a different species than that grows naturally in the adjoining 
area. For the characterization of landslides bodies the following parameters can be taken into 
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consideration in order to understand the morphology, vegetation and drainage characteristics as 
described by Soeters and Westen (1996): 

 

 
 

1 Spectral 
i. Spectral response 

ii. Contrast 
2 Morphologic 

i. Shape 
ii. Size 

iii. Texture 
iv. Assciation and juxtaposition 
v. Pattern 

3 Vegetation 
i. Barren 

ii. Anomaly 
iii. Regrowth 

4 Terrain Features 
i. Slope  

ii. Relative relief 
iii. Aspect 
iv. Orientation 
v. Distance to ridge, road and river 

vi. Toe removal 
vii. Curvature 

viii. Break in Slope 
ix. Run out/slide path 
x. Presence of fans/talus/debris cone/old landslide deposits 

5 Drainage 
i. Deranged drainage 

ii. Toe erosion 
iii. Bank erosion 
iv. Basin convergence 
v. Presence of hallows 
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5.7. Field Data Collection 

In the field visit, which was carried out in two parts in the month of Oct 2007 and in Nov’2007, hard 
copies of Cartosat-1 image generated on 1:10,000 scale (without pixel breaks) were consulted for 
verifying landslides that were identified on anaglyph images and stereo plots of Cartosat as well as 
LISS-IV images based on image characteristics. This print was quite helpful to validate the image 
interpretation on ground. The relevant field data sets were collected by using hand held GPS and 
georeferenced Cartosat-1 dataset. The location numbers of the landslide bodies are shown in the 
Figures 5.16. The field characteristic of landslides regarding rock type, weathering of rocks, 
dimension of landslide, trend of the affected formation, joint attitude measurement, causes of failure 
and details of possible preventive measurement were collected (Appendices 1&2).  Mostly, the details 
of the landslides were taken on road cutting side as well as on the opposite flank of the major river 
Alaknanda. The purpose of collection of field landslide details was to understand terrain 
characteristics on ground, which can be used to identify and map landslides in different resolution 
images. Overall it was observed that multi-spectral images (LISS-IV) provide better results in 
identification of landslides when combined with high resolution Cartosat image interpretation based 
on 3-D stereo viewing. Therefore, a minimum detectible size of 3 *3 pixels on LISS-IV was selected 
as the threshold for unambiguous identification of active landslides, which corresponds to 
approximately 15 * 15 m on ground and 6 * 6 pixels in case of Cartosat-1 image.  
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Figure 5-1: Study area in Cartosat-1, 11 Nov’2006 
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Figure 5-2: Location of landslides mapped before field validation 
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Figure 5-3: Landslides after field Validation of landslides in the field 
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Gopeshwar Landslide 
 

Location No. B3 

(North of Gopeshwar town, Headquarter of District Chamoli) 
Field Photo No. 166 
Date of photo: 10 Oct 2007  
Type: Rock fall  
 

        
                        (a)                                                 (b)                                                   (c) 
a: Cartosat-1, 11 Nov’06, (Stereo image) 
b: Cartosat-1, 11 Nov’06, (Mono image) 
c: Field Photograph, No. 166, Oct’07 
 

Image Characteristics of Gopeshwar Rock fall: 
Spectral Characteristics: 
Radiance value and contrast in the landslide body is high with compare to surrounding are especially 
in zone of depletion. 
 
Morphological characteristics: 
 
 Tone & Texture:  

This landslide is marked by light gray tone on Cartosat-1 image with dark gray tone in the ridge 
portion and colour of LISS-IV FCC (band 321 in RGB) which is strikingly different from the adjacent 
pixels showing dark tone and dark cyan colour. The landslide body shows smooth texture compared to 
mottled texture of the adjacent region. 
 
 Shape & Size: 

This landslide is marked by semi-lunar scar. The landslide body and run-out debris shows a typical   
oblate shape and covers five-pixels which is more than the detectible threshold of both LISS-IV and 
Cartosat-1 image. The landslide body including the depletion and accumulation zone shows linear 
trend along the slope. 
 
 Association & Juxtaposition: 

This landslide is located on side slopes between river and adjacent ridge, the crown of the landslide is 
in close proximity of the ridge showing the influence of headward erosion. 
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Terrain Characteristics: 
 It shows relief difference of 291m between crest and toe (1977m to 1686m) with an average slope 
>60° facing towards SW, which is a favourable slope for landslides in this region and presence of  
linear depressions along the slopes. 

    
Drainage Characteristics: 
No specific characteristics. 

 
Vegetation Characteristics: 

 
Light grey color shows scanty vegetation cover inside landslide body indicating lack of regeneration 
of vegetation growth or remnants of earlier vegetation. Dense vegetation above crown on ridge to 
landslide body marks its upward limit of the landslide depletion zone. 
 
 
Helang Rock fall (Anthropogenic)  
 
Location No. C3 
(One km South of Helang-gad & Alaknanda river confluence) 
Field Photo No. 300p 
Date of photo: 10 Oct 2007  
Type: Rock fall  

 

Figure 5-4: Validation of landslides in the field, Helang area 
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Image Characteristics of Helang Rock fall: 
Spectral Characteristics: 
Radiance value and contrast in the landslide body is high with compare to surrounding are especially 
in zone of depletion. 

 
Morphological characteristics: 
 
 Tone & Texture:  
This landslide is marked by tone on Cartosat-1 image and colour of LISS-IV FCC (band 321 in RGB) 
which is strikingly different from the adjacent pixels showing dark tone and dark cyan colour and dark 
gray in case of Cartosat-1. The landslide body shows irregular texture compared to smooth texture of 
the adjacent region. 

 Shape & Size: 
The crown of the landslide is under shadow in LISS IV but in Cartosat-1 it is marked by semi-lunar 
shape on the ridge of the hill and the landslide body and run-out debris shows a typical   elongated 
shape and  covers 21-pixels which is more than the detectible threshold of both LISS-IV and Cartosat-
1 image. The cliff is stiff. The landslide body including the depletion and accumulation zone shows 
linear trend along the slope. 

 Association & Juxtaposition: 
This landslide is located on side slopes between Alaknanda river and adjacent ridge, the crown of the 
landslide is in close proximity of the ridge showing the influence of headward erosion. 

Terrain Characteristics:  
It shows relief difference of 229m between crest and toe (1581m to 1352m) with an average slope 
>70° facing towards NW, which is a favourable slope for landslides in this region due to cataclinal 
slope behaviour. 

Drainage Characteristics: 
No specific characteristics. 

Vegetation Characteristics:  
Soil cover is very thin scanty bushes and sporadic trees are present just lateral margins of the landslide 
body. 

 
Pihola Rockfall (Natural) 
 
Location No. E16 
(Badrinath 24.5 km & Joshimath 29.5 km, on LHF of river Alaknanda) 
Field Photo No. 371p 
Date of photo: 11 Oct 2007  
Type: Rock fall (Natural) 
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Figure 5-5: Validation of landslides in the field, Pihola area 

 
Image Characteristics of Pihola Rock fall: 
Spectral Characteristics: 
This characteristic is not clear. 
 
Morphological characteristics: 
 
 Tone & Texture:  

This landslide is marked by rough texture than adjacent on Cartosat-1 image and dark grey colour of 
LISS-IV FCC (band 321 in RGB).  

 Shape & Size: 
This landslide is marked by semi-lunar scar and the landslide body and long narrow run-out debris 
shows a typical   expanded shape and covers 31 pixels which is more than the detectible threshold on 
Cartosat-1 image. The landslide body in zone of depletion shows linear trend whereas the zone of 
accumulation shows comparatively less slope where broken debris accumulated along the slope. 

 Association & Juxtaposition: 
This landslide is located on side slopes between Alaknanda river and adjacent steep 800 - 850   steep 
ridge, the crown of the landslide is in close proximity of the of the ridge showing the influence of 
headward erosion. 

Terrain Characteristics:  

It shows relief difference of 71m between crest and toe (2279m to 2208m) which shows >70° slope in 
depletion zone but < 45° slope facing towards SW, which is a favourable slope for landslides in this 
region. 

Drainage Characteristics: 
No specific characteristics. 
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Vegetation Characteristics: 
Light grey color shows scanty vegetation cover inside landslide body indicating lack of regeneration 
of vegetation growth or remnants of earlier vegetation. Dense vegetation above crown on ridge to 
landslide body marks its upward limit of the landslide depletion zone. 

 

Birahi Rock/debris slide (Natural) 
 

Location No. A1 
(Badrinath 87 km & Joshimath 42 km,  
On LHF of Birahigad just 150m upstream from 
Confluence of Birahi-gad & river Alaknanda) 
 

Image Characteristics of Birahi Rock/debris slide: 
In this case this landslide occured on 2nd Oct 2007. In Cartosat-1, 11 Nov 2006 this part falls in 
shadow so the signature/symptom to identify the susceptibility of that particular slope is rather difficult 
to assess. Whereas in case of LISS IV is quite difficult to identify due to the same reason. This slide 
created on 2nd Oct 2007 so image acquisition after this date is required to mention details about it. On 
the back of this old slided portion occur. There is seepage on its top, which may be one of the reasons 
of its failure. 
Field Photo No. 257p 
Date of photo: 11 Oct 2007  
Type: Rock fall and debris slide 
 

 
Field Photo (257b)11 Oct’07 Cartosat-1, 11 Nov’06 

 
LISS IV 3 June’04 

Figure 5-6 Validation of landslides in the field, Birahi area 

Image Characteristics of Birahi Rock slide/debris slide: 
Morphological characteristics: 

Semi-circular/ irregular scar portion. Crown is in the ridge part. 
Drainage Characteristics: seepage 
Vegetation Characteristics: On crown a thick vegetation cover. 
 
Kandey Debris slide (Natural) 
Location No. B4 
Field Photo: Kandey  
Type: Rotational slide 
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Figure 5-7: Validation of landslides in the field, Kandey area 

Image Characteristics of Kandey debris slide: 
Spectral Characteristics: 
Radiance value and contrast in the landslide body is high with compare to surrounding are especially 
in zone of depletion. 
 
Morphological characteristics: 
 

 Tone & Texture:  
This landslide is clearly marked by tone on Cartosat-1 image and on basis of colour of LISS-IV FCC 
(band 321 in RGB), ETM+MX and PAN merged image and in high resolution Goggle Earth which is 
strikingly different from the adjacent pixels showing entirely different tone and dark cyan colour. The 
landslide body shows smooth texture compared to mottled texture of the adjacent vegetated region. 

 Shape & Size: 
Rectangular- irregular crown. Scarp very steep, body of slide in zone of depletion concave on sides, in 
middle hummocky morphology. Side scars are steep. In zone of accumulation, run out extension down 
to the stream. Landslide body broader to narrower downward side. D/L ratio 0.41 (highest point 
1649m, X: 335821.394503 & Y: 336658.805496 and lowest point, 1415m, X: 336361.794503 & Y: 
3366787.405496. Slope 55 to 60 deg. Eastward. This landslide is 1.6 km long from crown to tip and 
marked by cresentirc scarp and the landslide body and run-out debris shows a typical elongated shape 
and covers five-pixels which is more than the detectible threshold of both LISS-IV and Cartosat-1 
image. The landslide body including the depletion and accumulation zone shows linear trend along the 
slope. 
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 Association & Juxtaposition: 
This landslide is located on slopes created its own runout deeply cutting of overburden till it reaches 
the tributary, the crown of the landslide is in close proximity of the of the colluvial terrace showing 
the influence of headward erosion. 

Terrain Characteristics:  
It shows relief difference of 71m between crest and toe (1601m to 1534m) with an average slope >60° 
facing towards SW, which is a favourable slope for landslides in this region. 

Drainage Characteristics: 

Elongated deeply incised on the thickly overburden. The depth of the channel ranges 25m just down 
the crown to 15m on the tip of the landslide body from the ground surface.  

Vegetation Characteristics: 

 
Light grey color in cartoast-1shows scanty vegetation cover inside landslide body indicating lack of 
regeneration of vegetation growth or remnants of earlier vegetation. Sparse density of vegetation is 
present on landslide body compare to surroundings area. 

 

5.8. Landslide classification using image segmentation

Segmentation is a process of partitioning an image space into non-overlapping, meaningful and 
homogenous objects. Every remotely sensed image is an integration of homogeneous objects. In the 
present study image segmentation and classification was carried out using eCognition software. 
eCognition mainly works on the concepts of object-oriented classification and also works on the 
multi resolution segmentation.  

In the present study, segmentation algorithm was attempted, so that the similar kind of pixels form 
groups according to the applied homogeneity criteria. The homogeneity criteria are defined in terms of 
colour/shape, tone and texture (Definiens, 2002). This process works on the spectral response of the 
pixels. The spectral criterion aims to detect the change in heterogeneity. The shape criterion is a value 
that describes the improvement of the shape with regard to two different models describing ideal 
shapes. The shape criterion composed of smoothness and compactness of the image object. 
Smoothness criteria refer to the borders of objects while compactness analyses how compactly the 
image objects are bounded together. Using this segmentation procedure, the whole image can be 
segmented and image objects can be generated based on homogeneity in colour and shape. The scale 
parameter directly influences the average object size: larger the scale parameter bigger the object and 
vice-versa. 
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Figure 5-8: Parameters used in segmentation 

 
The selected LISS IV image as test area was segmented using a scale of 10 and a ratio of 8:2 for the 
relative importance of reflectance versus shape and 7:3 for compactness versus smoothness. This 
combination of parameters was established after several iterations in which the produced segments or 
objects appeared to capture the shape and size of the reference landslide within the study area. An 
equal weighting of the three LISS-IV bands and the NDVI channel and DEM was selected. This 
ensured that the segments or objects created were consistent with the spectral and vegetative patterns 
and were also dependent on the DEM data.   
 
After segmentation, the image is classified using object-oriented based approach. This process of 
classification of objects has been carried out using an expert knowledge as per a built in function of 
eCognition. This function is based on fuzzy logic; fuzzy classification delivers not only the 
assignment of one class to an image object, but the degree of assignment to all considered classes. 
This fuzzy supervised classification is based on fuzzy classification rules that are influenced by fuzzy 
membership function. Corresponding to the rule and the knowledge, the membership function curves 
are selected. Different curves describe how the membership value for a specific expression is 
assigned and calculated for a certain object on an image. The fuzzy membership functions such as 
Gaussian,
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Full range, Singleton and Larger than proved suitable for landslide area extraction from the segmented 
image. 

 

Figure 5-9: Raw Image LISS IV (Band green, red, IR, NDVI and DEM SRTM) 

In the present case, different rules have been applied for landslide area extraction. Figure 5-10 shows 
the class hierarchy generated for landslide extraction, which contains set of object-based rules  

Figure 5-10: Parameter for landslides Classification 

With their corresponding membership values. Each rule was assigned to one-membership function. 
These rules are collectively compiled in a class hierarchy and the image is classified for landslide 
extraction (Figure 5-11).  

AS per different statistical values within segments corresponding to landslides, parameters such as 
mean, ratio (Mean in a band/ Brightness, i.e., Average mean value in all bands), standard deviation, 
and NDVI were selected based on their discriminatory power (Table 5-1). 

The following range of parameters are used for extracting active landslide body: 

S.No Parameter Minimum Maximum Membership 
function 

1 Mean, Band1 (Green) 76.25 93.45 Full range 
2 Ratio, Band2 (Red) 0.310245 0.312718 Full range 
3 Std. dev., Band1 (Green) 7.229 7.7056 Full range 
4 NDVI 6.7038 6.704 Approx Gaussian

Table 5-1: Parameters values used in classification of landslides in eCognition 
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Figure 5-121: Classified image of LISS IV 

5.9. Preparation of landslide inventory 

In the Arc View 3.2a, the CARTOSAT-1 Aft imagery dated 11 Nov 2006 and LISS IV dated 22 
March 2006 were analysed and all landslide bodies were identified and mapped for preparation of 
landslide inventory map on the basis of visual interpretation of radiance image as well as enhanced 
images. The criteria for landslide identification were based on tone, texture, shape, position/ 
association of the landslide bodies with respect to ridge, river and road. The road, river, and location 
layers of the study are were also generated from high-resolution Cartosat-1 images. In the study area a 
total of 209 landslides covering 2.60km2 area identified on Cartosat-1 and LISS-IV datasets. The area 
of the landslides ranges from a minimum 98.37m2 (0.010 ha) to maximum 138710 m2 (13.87ha). 

5.10. Landslide relation with DEM derived parameters 

The important DEM derived parameters such as the slope, aspect and curvature maps were made from 
the SRTM DEM. It was observed that maximum landslides were concentrated in slope class 
corresponding to the range 260-350 (13% of landslides). The slope aspect map shows maximum 
number of landslides in southern (20%), followed by southwestern and western slope (18-18%), north-
eastern and north-western (7-7%), eastern slope(12%), southeastern (15%).. The minimum slides are 
present in the northern slope direction (3%).curvature? 

The distribution of slope and aspect among the mapped landslides is shown in figures 4.5 and 4.6 
respectively. It indicates that mass movements with south, west and south-west-facing aspects are 
relatively more common. Slopes exposed to the south and southeast is warmer with higher evaporation 
rates and lower moisture storage capacity than those exposed to north, north eastern and north western 
aspects. In addition, rainfall affects slope aspect depending on the direction of winds during rainfall, 
which commonly has a southeast and northwest trend in Uttarakhand.     

5.11. Landslide relation with lithology 

Most of the landslides (more than 65%) in the study area fall in debris slide category (Figure 5-12), 
out of which most are of small size and are created by anthropogenic activities especially due to slope 
cutting and toe removal for widening of roads (Appendices 1&2). During continuous rainfall on fresh 
cut slope, the overburden is often over-saturated and slides occur under the influence of gravity.  The 
rock falls in the area are mainly due to seismic activities as well as due to rainfall. The presence of 
three sets of joints increases the water percolation and failure in the form of planar as well as wedge as 
observed mostly in quartzites, phyllites, slate and gneisses with thinly laminated mica schist.  
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Figure 5-132: Classification of landslide according to movement and material 
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Figure 5-143: Landslides with respect to lithology 
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Figure 5-154: Landslides in the study area on the basis of activity-“Active” 
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Figure 5-165: Landslides in the study area on the basis of activity-“Non-active” 
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6. Results and Discussion 

This type of study can be useful in terms of cost and benefits for detailed landslide surveys over larger 
area. There are two broad categories of landslides. One, which were developed due to the impact of 
natural factors and the other one initiated due to anthropogenic involvement.  

The smallest landslide having a dimension of 98.372 m2 (Location No. E6) can be marked easily in 
CARTOSAT-1 mono image, but can not be identified in CARTOSAT-1 anaglyph. It is not possible to 
get elevation difference between crown and toe from SRTM DEM. The vertical height difference 
between crown and toe is 80m. Which is falling under single pixel of the DEM used here. It is 
necessary to use a finer resolution DEM, for extraction of terrain characteristics within a landslide 
body and adjacent to it. Therefore, a DEM resolution may be between 10m is required to derive the 
difference in terrain features in this smallest landslide body. In the image there were 144 landslides 
correctly interpreted, 35 were not interpreted and 30 misintrepreted, The landslides which could not be 
identified in the cartosat-1were falling in the northern aspect (Figure 6-1). From field observation it 
was also made clear that the road cut landslide, three times larger than the smallest one in Location 
No. E5A i.e. 303.289m2 can not be marked easily in CARTOSAT-1 mono and not possible to map it 
without field confirmation, both of them seem to be initiated due to widening of the motor road on the 
left hand flank of the river Alaknanda.. It was possible to detect 97% of naturally occurring landslides 
in the rugged terrain using high-resolution Cartosat-1 image by 3-D visualisation and MX LISS-IV 
image analysis. Error of omission (31%) was mainly due to small debris/rock falls associated with 
road cuttings in shadow region, hence high resolution data needs to be acquired in the afternoon 
mission. Both afternoon and forenoon missions are essential to map both the slopes to get full 
information of the landslides. Presently datasets acquired only from forenoon mission are not 
sufficient.  

Correct  
interpretation, 144

Not interpreted, 35

Misinterpretation, 30

 

Figure 6-1: Image interpretation results 

 

 

                                    
          LISS IV                                          Cartosat-1                            Field Photo 

Figure 6-2: Same landslide’s visibility in different imagery 

66 



LANDSLIDE MONITORING IN SPACE AND TIME USING OPTICAL SATELLITE IMAGERY AND DEM DERIVED PARAMETERS: CASE 
STUDY FROM GARHWAL HIMALAYA, UTTARAKHAND, INDIA  

It has become clear that in rugged mountainous terrain preparing landslide inventory, using only 
Cartosat-1 imagery, is quite a difficult task. One has to use another sets of satellite data if it is 
multispectral it would be always better. In this study it was found that the largest landslide, Location 
No. C7F, having 1,38,710.610 sq m (13.871 ha) area could not be detected, as it lies in shadow. If the 
slides are in the sun facing side then it would show the above-explained characteristics to detect and 
identify and further details inside into the slides can be looked into with higher resolution. 
 

Secondly, if Cartosat-1 image is draped in fine resolution DEM then the landslides of 98m2 dimension 
can be picked up easily. Vegetation cover is easy to differentiate. Landslides in adjacency to road can 
easily be mapped, as in mountainous terrain every part does not have accessibility. Tonal difference in 
landslides was observed due to different rock type, soil and vegetation covers.  

In this study the main aim was to prepare diagnostic keys for identification of landslides in different 
resolutions optical satellite data. The coarser resolution, 56m to finer resolution up to 2.5m optical 
satellite data were used and found that the not only size, shape and orientation of landslide depends on 
identifying but also slope, aspect, curvature, and nature of activity of landslides are responsible for 
their identification. 

In this study the main aim was to prepare diagnostic keys for identification of landslides in different 
resolutions optical satellite data. The coarser resolution, 56m to finer resolution up to 2.5m optical 
satellite data were used and found that the not only size, shape and orientation of landslide depends on 
identifying but also slope, aspect, curvature, and nature of activity of landslides are responsible for 
their identification. 

The minimum area of the landslide bodies, which identified in different resolution imagery are as 
follows: 

S.No. Location 

No. 

Image Band 

combination 

Area Aspect Activity 

1 E25A AWiFS RGB(321) 105610m2 (10.56ha) SW Active 

2 E16C TM RGB(432) 21643 m2 (2.16ha) SE Active 

3 C7G LISS III RGB(321) 10499 m2 (1.05ha) SW Active 

4 C8A ASTER RGB(321) 6681 m2 (0.66ha) SW Active 

5 C4B ETM MX 

&PAN 

merged 

RGB(432) 17391 m2 (1.74ha) SW Active 

6 E3A LISS IV RGB(321) 2093 m2 (0.28ha) S Active 

7 E6 Cartosat-1 Panchromatic 98.37m2 

(0.009848ha) 

SW Active 

Table 6-1: Minimum size of the landslide body in multi-resolution imagery 
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Thus, it is clear that the minimum size of the landslides (Table 6-1) in the multi-resolution imagery to 
be detected and identified depends not only on the size of the landslide body but the combination of 
others, i.e., image parameters (spectral resolution and spatial resolution) and terrain characteristics like 
aspect, activity and angle of the hill also. 

It was possible to detect 97% of naturally occurring landslides in the rugged terrain using high 
resolution Cartosat-1 image by 3-D visualisation and MX LISS-IV image analysis. 
Error of omission (31%) was mainly due to small debris/rock falls associated with road cuttings in 
shadow region, hence high resolution data needs to be acquired in the afternoon: After noon and 
forenoon missions are essential to map both the slopes. 
Spectral character, tonal contrast, shape, run out, vegetation anomaly, slope, aspect and terrain 
elements are important parameters to identity and map landslides. 
 

Low , 171

Medium , 
21

Barren ,
 17

   

Non-active, 31

Active, 178

 (a) (b) 

Figure 6-3: Distribution of landslides in (a) different vegetation density categories (b) activity classes  
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7. Conclusion and Recommendation 

7.1. Introduction 

High-resolution satellite images such as Cartosat-1, IRS-P6 LISS-IV and DEM were used to highlight 
and differentiate landslides bodies in parts of Garhwal Himalaya. Spectral, morphologic, and DEM 
derived characteristics were applied for characterisation and identification of landslides. Most of the 
landslide bodies were mapped using identification keys, developed for interpreting high resolution 
data products. The interpreted results were validated through field visit in accessible area whereas 
Goggle Earth imagery was used to validate in the inaccessible terrain. Finally certain diagnostic 
features for different landslide types were categorised and the inventory map of the study area was 
prepared. The study has highlighted the possibility of using interpretation keys for automated mapping 
of landslides. It has also highlighted the limitations of the approach and currently available data sets 
under EO missions. 

7.1.1. 

7.1.2. 

Radiometric and Geometric Correction 

The radiometric correction of LISS IV was successfully carried out using dark pixel subtraction, 
subsequently it was converted to radiance in order to enable inter sensor comparison. In the next step 
geometric correction and orthorectification was carried out for Cartosat-1, LISS-IV, LISS-III, ASTER, 
TM and AWiFS at a resolution of 2.5m, 5.8m, 23.5m, 15m, and 56m respectively. In order to have 
better spectral properties along with a high spatial resolution, multispectral images were merged with 
the high-resolution PAN images. CARTOSAT-1 stereo pairs were used for detection, recognition, 
identification and characterization of the landslides, by generating anaglyphs and observing the image 
on a stereo- plotter in ERDAS Imagine LPS 9.1.  

Landslide identification 

It was observed that in rugged mountainous terrain using Cartosat-1 imagery, the smallest landslide of 
98.37m2 (0.010 ha) could be identified i.e. of 4 * 4 pixel under moderate contrast condition. 
Landslides could be identified if they occur on the Sun facing side than on the shadow. It is clear that 
the minimum size of the landslides (Table 6-1) in the multi-resolution imagery to be detected and 
identified depends not only on the size of the landslide body but the combination of others, i.e., image 
parameters (spectral resolution and spatial resolution) and terrain characteristics such as aspect, 
activity and slope angle. Orientation, shape and run out lengths are other important parameters for the 
identification of landslide. The pixel values of the landslide bodies’ changes according to nature of 
exposed surface of the rock/ overburden material. 
 

In this study only on a part of the LISS IV image, segmentation based classification methods were 
applied to extract landslides features. The parameters are formulated on the basis of spectral, textural 
and DEM based characteristics in a huge landslide in the study area. By considering similar set of 
parameters, image segmentation was carried out for extraction of landslide bodies.  
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7.1.3. 

7.1.4. 

Interpretation Key 

Landslides interpreted from satellite images were validated during field check and it was observed that 
Cartosat-1 in combination with multi-spectral images (LISS-IV) provide better results in identification 
of landslides. Therefore, a minimum detectible size of 3*3 pixels on LISS-IV was selected as the 
threshold for unambiguous identification of active landslides, which corresponds to approximately 
15*15 m on ground and 6*6 pixels in case of Cartosat-1 image.  

These landslides are categorised as rock fall, rock-slide, debris slide, debris flow and complex 
landslides due combination of material composition. During field observation it was observed that 
65% of landslides lie in the categories of debris slides where the slope is greater than 450 and where 
the hard rock types such as gneisses and quartzite are in intercalations with thinly laminated schists 
and phyllites. The debris slides occur on slopes between 400- 450 where the in-situ rocks are overlain 
by more than one-meter of thick overburden. The zone of depletion normally shows angle greater than 
450. 

The following features may be used as prominent keys to identify landslides on different satellite 
images: 

 Rock fall: Barren, very steep cliff, high radiance value, regular boundary, low contrast, joint 
& lineament continuity/ intersection, presence of talus cone with head detached features. 

 Rock  slide: High radiance, low contrast, regular boundary, steep slope, run out can be traced,  
slope >500 

 Debris slide: Cone formation & downward spreading of material, high radiance, high 
contrast, and slope 250 – 400 

 Debris flow: Long run out, vegetation completely absent, disturbed drainage, slope 250 – 400 

 

Landslide Inventory 

Anaglyphs from Cartosat-1 stereo pair were interpreted for mapping the landslides in stereoscopic 
mode. In this regard orthorectified Cartosat-1 image was used for visual identification and preparation 
of preliminary inventory of the landslides. The diagnostic features of the slides with respect to general 
morphology, drainage and vegetation characteristics were used for mapping all slides in the study area.  
LISS IV image due to multispectral nature has improved identification of landslides. The tonal 
difference in each band ranges from 51 to 89 in green band, 69 to115 in red band and 39 to 53 in IR 
band. Total number of 209 landslides bodies was demarcated on the basis of shape, size, tone, 
association, juxta-position, drainage and vegetation condition.  Image segmentation was carried by 
providing threshold values to extract the landslide feature on  LISS IV image. The NDVI image was 
stacked with LISS IV and DEM was taken as thematic layer for segmentation by including it for 
classification. 

7.2. Limitations 

There are some limitations of the present study, which are as follows: 

Present study area comes under rugged mountainous terrain, especially in the central crystalline the 
hills are sloping at more than 600 and at many places vertical escarpments were observed. In such 
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condition, the dimension of slides vary significantly from the actual dimension. Comparison of large 
number of multi-resolution and multi-temporal datasets requires very precise geo-coded products. In 
the present analysis precise geo-coding could not be done as reference DEM had generalisation and 
maximum error was observed mainly on ridge lines (max. locational error was around 50m). The 
landslide bodies which fall under shadows of hill slopes were difficult to identify. The area where 
constructional work is going on, the excavated portion of the hill slopes resemble to the landslide 
scars. The old landslide bodies which were covered with dense vegetation were difficult to identify. 
The ground validation has also certain limitation due to snow covered area and lack of road network. 
The field validation was confined to the main highway, state roads and foot-paths leading to habitat 
area only.  

7.3. Recommendations 

According to the present study it can be recommended that for identifying the details of the smallest 
landslides (98m2), a DEM at 10m spacing is required. For getting better image of the shadow portion, 
the satellite data in afternoon session has to be acquired. For hilly areas, two missions must be planned 
i.e. forenoon and afternoon. Images of summer season along with winter season must be used together 
in order to have minimum shadow and details after the monsoon period. So in total for every year at 
least 4 data sets are required i.e. acquired in summer (less shadow) and winter (fresh landslides appear 
better just after the monsoon) from two FN and AN mission. Multispectral information has an 
advantage as it enables quick assessment of the vegetation regrowth/stress, thus enabling better 
assessment of landslide activity. 
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Appendices  

Appendix 1: Field data collection for validation of landslides in the field  
Grid/ 
Location 

GPS Location 
Photo No 

Materials 
Rock type/ 
Overburden type 

Rock weathering 
Low Moderate  
High 
Very High 

Bedding Dip 
True Spacing 

Joint set-1 
True Spacing 

Joint set -2 
True 
Spacing 

Joint set 3 
True 
Spacing 

Structure 
associated 
with 
Landslide 

Soil  
Sandy  
Clayey 
Silty 
Loamy 

Geomorpology 
Low dissection, 
Moderate diss.  
Fan Terraces 
Flood plains 
Valley 
 

Landuse 
Dense 
Medium, 
Degraded 
Forest  
Blank 
Agriculture 
Barren 
Scrub/grass 
Snow 

Vegetati
on 

1 2 3 4 5 6 7 8 9 10 11 12 13 
A-1 
Left bank of 
Birahi R. just 
150m upstream 
from Alaknanda  
R. confluence  

30˚ 24΄ 26.5˝ 
79˚ 23΄ 20.9˝ 
P. No 119-
121,123,126,127,12
9 
& 130 
 
 

Quartz- schist rocks Low to moderate N240˚/48˚ N80˚ N5˚/65˚ N5˚/70˚ 280˚/55˚ 3 sets failure 
along N5˚/70˚ 

Silty clay 
(25-50cm) 

Mod. D. diss. 
Side slopes and 
dip slopes. 
Scarp face is 
affected 

Mod. Pine 
forest 

Mod. 
(<40%) 

A-2 
Near bridge on 
Nandakin R at 
Nandprayag 

P.No.135, 136, 
138,139 

Chlorite- muscovite 
schist rocks 

Moderate to High N30˚/55˚ N195˚/45˚ N300˚/80˚ X 3 sets 
N300˚/80˚ 

Clay 
(0-25cm) 

High diss. Scrub/ grass Mod. 
(<40%) 

A-3 
1.0 kms from 
Nandprayag 
towards Chamoli 

30˚ 19΄ 15˝ 
79˚ 19΄ 15˝  
P.No.142 

Schist debris High weathering Not clear X X X X Silty 
>100cm 

Low diss. Medium pine Mod. 
Density  

A-4 
1.5 kms from 
Nandprayg 
towads Chamoli 

30˚ 20΄ 11˝ 
79˚ 19΄ 11˝ 
 

Schist debris High weathering Not clear X X X X Silty Mod. Diss. Medium pine Mod. 
Density 
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1 2 3 4 5 6 7 8 9 10 11 12 13 
A-5 
2.5 kms from 
Nandprayag 
towards Chamoli 

30˚ 20΄ 33˝ 
79˚ 19΄ 09˝ 
P.No. 144-146 

Schist & gneiss rocks Mod. Not clear N60˚/55˚ 
15-20m 

N240˚/15˚ 
5-10m 
 

X N240˚/15˚ Sandy 
(25-50m) 

Low diss. Medium pine Low to 
medium 

A-6 
3.25 kms from 
Nandprayag 
towards Chamoli 

30˚ 21΄ 15˝ 
79˚ 19΄ 10˝ 
P.No. 148 

Schist OB above 
schist rocks 

High weathering Not clear N90˚/40˚ 
10-20m 

N270˚/40˚ 
20-25m 
 

X  N270˚/40˚ Silty 
(25-50m) 

Mod. Diss. Medium pine Low to 
medium 

B-1 
3.30 kms from 
Nandprayag 
towards Chamoli 

30˚ 21΄ 20˝ 
79˚ 19΄ 08˝ 
MSL 957m  
P.No. 157-159 

Schist(loose 
material) 

Mod. X X X X River cutting 
at bottom of 
slope 

Silty Mod. Diss. shrub Low 

B-2 
3.5 kms from 
Nandprayag 
towards Chamoli 

30˚ 21΄ 32˝ 
79˚ 19΄ 03˝ 
MSL 969m 

Gneiss & Quartz 
schist 

Mod.  rock 
weathering 

N105˚/30˚ N285˚/25˚ N205˚/80˚ N205˚/80˚ N285˚/25˚ Silty Low diss. Medium pine Mod. 
density 

B-3 
Gopeshwar Fall 

P.No. - Quartzite Low rock weathering N210˚/20˚ N245˚/25˚ N105˚/80˚ N245˚/25˚ N145˚/60˚ Silty 
(0-25cm) 

Low diss. Medium pine Mod. 
density 

B-4, 
Kendey 
 

P.No. - Quartzite High rock 
weathering 

N90˚/35˚ N295˚/25˚ N145˚/60˚ N90˚/35˚ N145˚/60˚ Sandy - -  

C-1 
1.9km from 
Joshimath 
towards Helong, 
Jarkulla/Sailang, 
P.No. 173-175 

30˚ 33΄ 21˝ 
79˚ 32΄ 37˝ 
MSL 1905m 

Garnetiferous mica  
gneiss 

Mod. rock 
weathering 

N30˚/35˚ N210˚/65˚ N330˚/80˚ 150˚ strike 
vertical 

N330˚/80˚ Silty 
(25-50cm) 

Mod. Diss. Medium pine Mod. 
Density 
Deodar, 
Banj 

C-2A 
Just opposite to 
C-1, on RHF of 
Alaknanda 
R.(Chain village 

P.No. 176-181 Garnetiferous mica  
gneiss 

Mod. rock 
weathering 

N30˚/35˚ N210˚/65˚ N150˚/60 X N150˚/60 Silty 
(25-50cm) 

Low diss. Medium pine - 

C-2B 
Just opposite to 
C-1, on RHF of 
Alaknanda 
R.(Chain village 

P.No. 182-184 Garnetiferous mica  
gneiss 

Low rock weathering X X X X X X Low diss. Scrub/ grass - 

C-3 
Helong 1km 
&Pipalkoti 20km 
P.No. 198-200 

30˚ 31΄ 24˝ 
79˚ 29΄ 54˝ 
MSL 1388m 

Schistose quartzite Mod N10˚/30˚ N190˚/60˚ 120˚ strike 
vertical 

N285˚/80˚ N285˚/80˚ Silty 
 

Low diss. Degraded 
forest 
 
 
 
 
 

Mod. 
 
 
 
 



LANDSLIDE MONITORING IN SPACE AND TIME USING OPTICAL SATELLITE IMAGERY AND DEM DERIVED PARAMETERS: CASE 
STUDY FROM GARHWAL HIMALAYA, UTTARAKHAND, INDIA  

77 

1 2 3 4 5 6 7 8 9 10 11 12 13 
C-4 
Just opposite to 
C-3, on RHF of 
Alaknanda  

P.No. 201-203 Quartzite thinly 
bedded 

Low rock weathering N05˚/35˚ N185˚/35˚ N100˚/75˚ X N100˚/75˚ Silty 
 

Low diss. Degraded 
forest 

Mod. 

C-5 
Just opposite to 
C-3, on RHF of 
Alaknanda  

P.No. 207-209 Quartzite Mod N315˚/35˚ N135˚/40˚ N200˚/65˚ X N135˚/40˚ Silty 
(25-50cm) 

Low diss. Degraded 
forest 

Mod. 

C-6 
Gulabkoti 

P.No. 210-212 Quartzite Mod N325˚/35˚ N145˚/40˚ N200˚/65˚ X X - - - - 

C-7A 
Tangni, Joshimath 
23 km & Pipalkoti 
12 km 

30˚ 28΄ 41˝ 
79˚ 28΄ 03˝ 
P.No. 217 

Dolomitic limestone 
& slates 

Mod N55˚/55˚ N235˚/65˚ N335˚/35˚ X N55˚/60˚ Clayey High diss. Dense forest High 

C-7B 
Tangni, Joshimath 
23 km & Pipalkoti 
12 km 

30˚ 28΄ 29˝ 
79˚ 27΄ 34˝ 
P.No. 229 & 230 

Dolomitc limestone 
& slates 

Mod X X X X X Silty 
 

Mod. diss Mod. - 

C-8 
Pakhi Rock slide, 
Joshimath 25 km 
& Pipalkoti 10 km 

30˚ 27΄ 55˝ 
79˚ 27΄ 26˝ 
MSL 1556m P.No. 
220,222- 224 

White platy 
limestone & slate 

Low N350˚/60˚ 325˚ strike 
vertical 

X X N350˚/60˚ Silty 
(25-50cm) 

Low diss. Degraded 
forest 

Mod. 

C-9 
Pakhi Debris 
slide, Joshimath 
25 km & Pipalkoti 
10 km 

30˚ 27΄ 58˝ 
79˚ 27΄ 07˝ 
 
P.No. 221,226-228 

White platy 
limestone & slate 

Mod. X X X X X Silty 
(25-50cm) 

Mod. Degraded 
forest 

Mod. 

D-1 
Pipalkoti 3.6 km 
& Garurganga 2.4 
km 

30˚ 28΄ 02˝ 
79˚ 26΄ 44˝, 
MSL 1388m 
 
P.No. 234-236 

Gray slates fragments 
thinly to medium 
thickness 

Mod. X X X X X X Low diss. Scrub/ grass 
 

- 

D-2 
Pipalkoti 3.3 km 
& Garurganga 2.7 
km 

30˚ 27΄ 40˝ 
79˚ 25΄ 56˝, 
MSL 1369m 
 
P.No. 240-245 

Slates & dolomitic 
limestone fragments 

Low X X X X X X High diss. Scrub/ grass 
Sporadic pines 

Mod. 

D-3 
Pipalkoti 3 km & 
Garurganga 3 km 

30˚ 27΄ 24˝ 
79˚ 25΄ 47˝, 
 
P.No. 247-249 

Limestone & slates X X X X X - Clayey 
25-50 cm 

Mod. Scrub/ grass Mod 
 
 
 
 
 
. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 
D-4 
Pipalkoti 2.5 km 
& Garurganga 3.5 
km 

30˚ 27΄ 17˝ 
79˚ 25΄ 45˝, 
MSL 1374m 
 
P.No. 234-236 

Limestone Low N30˚/60˚ X 10˚ vertical 
strike 

270˚ 
vertical 
strike 

10˚ vertical 
strike & 270˚ 
vertical strike 

Silty 
(25-50cm) 
Overburden 
2-3m 

Mod. Degraded 
forest 

Mod. 
 
 

D-5 
Pipalkoti 2.2 km 
& Garurganga 3.8 
km 

30˚ 27΄ 10˝ 
79˚ 25΄ 43˝, 
MSL 1378m 
 
P.No. 260-262 

Dolomitic limestone 
with platy limestone 

Mod. N320˚/45˚ N140˚/80˚ N215˚/685˚  N320˚/45˚ Silty 
(25-50cm) 
Overburden 
2-3m 

Mod. Scrub/ grass Low 

D-6 
Pipalkoti 2 km & 
Garurganga 4 km 

30˚ 27΄ 03˝ 
79˚ 25΄ 45˝, 
MSL 1366m 
 
P.No. --- 

Big to small 
dolomitic limestone 
fragments 

- X X X X X Silty 
(25-50cm) 

High diss. Scrub/ grass Low 

D-7 
Pipalkoti 1.5 km 
& Garurganga 4.5 
km 

30˚ 26΄ 43˝ 
79˚ 25΄ 46˝, 
MSL 1348m 
 
P.No. 268-273 

Gray thinly 
laminated slates with 
its overburden 

High N315˚/25˚ N135˚/85˚ N230˚/80˚ X N315˚/25˚ Clayey High diss. Scrub/ grass Low 

E-1, 250m from 
marwari bridge 
towards Badrinath 
 
 

30˚34΄ 01˝ 
79˚ 33΄ 21˝, 
MSL 1413m 
 
P.No. 435, 465,466 

Big to small gneissic 
biotite rich fragments 
in colluvial wedge 
with silty matrix 

High X X X X X Silty 
(25-50cm) 

Low diss. Scrub/ grass Low 

E-2, 500m from 
marwari bridge 
towards Badrinath 
 
 

30˚33΄ 55˝ 
79˚ 33΄ 45˝, 
MSL 1413m 
 
P.No. 436, 465,466 

Insitu of Biotite 
gneisses overlain by 
overburden of 
varying size  biotite 
rich Gneisses 
boulders embedded  
in silty soil 

Low N40˚/35˚ N220˚/40˚  N280˚/80˚  N220˚/40˚ Silty to 
sandy 
(0-25cm) 

Low diss. Scrub/ grass Low 

E-3, Badrinath 30 
km & Joshimath 
14 km 
 

30˚33΄ 49˝ 
79˚ 33΄ 58˝, 
MSL 1418m 
 
P.No. 438 

Big to small gneissic 
biotite rich fragments 
in colluvial wedge 
with silty matrix 

High X X X X X Silty 
(25-50cm) 

Low diss. Scrub/ grass Low 

E-3A, Badrinath 
30 km & 
Joshimath 14 km 
 

30˚33΄ 48˝ 
79˚ 34΄ 08˝, 
MSL 1442m 
 
P.No. 466,467 

Augen quartz biotite 
gneisses with thinly 
intercalated biotite 
schist  

Mod. N10˚/60˚ N190˚/35˚  N300˚/70˚ N250˚/40˚ N190˚/35˚ Silty to 
sandy 
(0-25cm) 

Mod. diss. Degraded 
forest 

Low 
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1 2 3 4 5 6 7 8 9 10 11 12 13 
E-3B, Badrinath 
30 km & 
Joshimath 14 km 
 
 

30˚33΄ 49˝ 
79˚ 34΄ 14˝, 
MSL 1473m 
 
P.No. 468,469 

Augen quartz biotite 
gneisses with thinly 
intercalated biotite 
schist  

Mod. N10˚/45˚ N190˚/55˚  N250˚/45˚ X N190˚/55˚ Silty to 
sandy 
(0-25cm) 

Mod. diss. Barren Low 

E-4, Badrinath 
29.9 km & 
Joshimath 14.1 
km,On LHF of 
river Alaknanda 
 
 

 P.No. 437 Big to small gneissic 
biotite rich fragments 
in colluvial wedge 
with silty matrix 

Mod. X X X X S Sloping scar Silty to 
sandy 
(0-25cm) 

Mod. diss. Dense  Mod. 

E-5, Badrinath 
28.9 km & 
Joshimath 15.1 
km 
 
 

30˚33΄ 49˝ 
79˚ 34΄ 14˝, 
MSL 1439m 
 
P.No. 470-473,553 
&554 

Augen quartz biotite 
gneisses with thinly 
intercalated biotite 
schist  

Mod. N30˚/65˚ N210˚/50˚  N310˚/65˚ X N210˚/50˚ Silty to 
sandy 
(0-25cm) 

Mod. diss. Barren Low 

E-5B, Badrinath 
28.8 km & 
Joshimath 15.2 
km, near bridge 
alaknanda LHF of 
river Alaknanda, 
 
 
 

30˚33΄ 47˝ 
79˚ 34΄ 35˝, 
MSL 1439m 
 
P.No. 474 

Big to small gneissic 
biotite rich fragments 
in colluvial wedge 
with silty matrix 

Mod. X X X X S Sloping scar Silty 
(25-50cm) 

Mod. diss.  Barren Mod. 

E-6, Badrinath 
28.3 km & 
Joshimath 15.7 
km 
 
 

30˚33΄ 01˝ 
79˚ 34΄ 37˝, 
MSL 1443m 
 
P.No. 439 

Big to small gneissic 
biotite rich fragments 
in colluvial wedge 
with silty matrix 

Mod. X X X X S Sloping scar Sandy 
(25-50cm) 

Low diss.  Degraded 
forest(Pines) 

Mod. 

E-7, Badrinath 
27.3 km & 
Joshimath 16.7 
km 

30˚34΄ 39˝ 
79˚ 34΄ 33˝, 
MSL 1443m 
 
P.No. 440,475 

Augen quartz biotite 
gneisses with thinly 
intercalated biotite 
schist  

Low N50˚/35˚ N230˚/45˚  N160˚/85˚ X N230˚/45˚ Silty to 
sandy 
(0-25cm) 

Low diss. Barren Low 

E-8, Just 
Opposite to   E-7 
on RHF of river 
Alaknanda 

P.No. 441 Big to small gneissic 
biotite rich fragments 
in colluvial wedge 
with silty matrix 

Mod. X X X X NE sloping 
colluvial 
wedge 

Silty 
(25-50)cm 

Low diss. Scrub/ grass Low 
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1 2 3 4 5 6 7 8 9 10 11 12 13 
E-9, Badrinath 
26.9 km & 
Joshimath 17.1 
km 
 

30˚34΄ 41˝ 
79˚ 34΄ 36˝, 
MSL 1416m(2D) 
 

Big to small gneissic 
biotite rich fragments 
in colluvial wedge 
with silty matrix 

High X X X X SW sloping 
colluvial 
wedge 

Silty 
(25-50)cm 

Mod. diss. Degraded 
forest 

Mod. 

E-10 Badrinath 
25.1 km & 
Joshimath 18.9 
km, 100m down 
stream to iron 
bridge across 
motor road 
 

30˚34΄ 53˝ 
79˚ 34΄ 15˝, 
MSL 1416m 
P.No. 442 

Big to small gneissic 
biotite rich fragments 
in colluvial wedge 
with clayey matrix 

High X X X X SW sloping 
colluvial 
wedge 

Clayey 
(25-50)cm 

Mod. diss. Degraded 
forest 

Mod. 

E-11, Badrinath 
23 km & 
Joshimath 20 km 
 

30˚37΄ 36˝ 
79˚ 33΄ 10˝, 
MSL 1894m 
P.No. 445,446 

Big to small quartzite 
boulders with some 
gneisses fragments in 
colluvial wedge with 
sandy matrix 

Mod. X X X X X Silty to 
Sandy 
(0-25m) 

Mod. diss. Degraded 
forest 

Low 

E12, Badrinath 
23.2 km & 
Joshimath 19.8 
km 
 
 

30˚37΄ 34˝ 
79˚ 33΄ 16˝, 
MSL 1893m 
P.No.447 

Quite big to small 
generally quartzite  
& some gneisses 
boulders with some 
fragments in 
colluvial wedge with 
sandy matrix 

Mod. X X X X X Sandy 
(25-50m) 

Mod. diss. Degraded 
forest 

Low 

E-13 Badrinath 
23.6 km & 
Joshimath 19.4 
km 
 
 

30˚37΄ 36˝ 
79˚ 33΄ 24˝, 
MSL 1866m 
P.No 448-.451 

Quartzite boulders 
along stream 

Low X X X X Stream Silty to 
Sandy 
(0-25m) 

Low diss. Degraded 
forest 

Low 

E-14,Badrinath 
24.0 km & 
Joshimath 19.0 
km 
 
 

P.No.452 Quartzite boulders Low X X X X SW Sloping 
colluvial 
wedge 

Silty to 
Sandy 
(0-25m) 

Low diss. Degraded 
forest 

Low 

E-15 
 

30˚36΄ 57˝ 
79˚ 33΄ 52˝, 
P.No 453 

Quite big to small 
generally quartzite  
& some gneisses 
boulders with some 
fragments in 
colluvial wedge with 
sandy matrix 

Mod. X X X X - Sandy 
(25-50m) 

Mod. diss. Degraded 
forest 

Low 
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1 2 3 4 5 6 7 8 9 10 11 12 13 
E-16, Opposite to 
E-15 on the LHF 
of river 
Alaknanda 
 

P.No 454 & 483 Quartzite insitu rocks Mod. N30˚/45˚ N210˚/35˚  N260˚/85˚ X N260˚/85˚ X Mod diss. Barren Low 

E17, Badrinath 
25.5 km & 
Joshimath 18.5 
km 
 
 

30˚35΄ 18˝ 
79˚ 34΄ 12˝, 
MSL 1862m 
 
P.No 448-.451 

Biotite gneisses with 
intercalation of thinly 
laminated biotite 
schist 

High N330˚/50˚ N150˚/35˚  N65˚/80˚ X N65˚/80˚ Sandy 
(0-25m) 

High diss. Scrub Low 

E18, Badrinath 24 
km & Joshimath 
20 km 
 
 

30˚36΄ 00˝ 
79˚ 34΄ 15˝, 
MSL 1751m 
P.No 478 

Varying size biotite 
rich gneissic 
fragments in 
colluvial wedge with  
clayey & silty matrix 

Low X X X X - Clay & 
Silty 
(25-50)cm 

Low diss. Degraded 
forest 

Mod. 

E19, Badrinath 
22.9 km 
 & Joshimath 21.1 
km 
 
 

30˚36΄ 31˝ 
79˚ 34΄ 04˝, 
P.No 479 

Big size rounded to 
sub rounded boulders 
of gneisses 

Low X X X X - Sandy 
(0-25m) 

Low diss. Barren Low 

E-20, Badrinath 
22.4 km  
& Joshimath 21.6 
km(Kilometerston
e_ 
18_Joshimath) 
 
 

P.No 481 Medium to small size 
boulders of gneisses 

-Low X X X X - Silty 
(25-50)cm 

Low diss. Barren Low 

E-21 
 

30˚38΄ 13˝ 
79˚ 32΄ 27˝, 
P.No 484 

Big size sub angular 
colluvial boulders of 
quartzite 

Low X X X X - Sandy 
(0-25m) 

Low diss. Degraded 
forest 

Low 

E-21A 
 

30˚38΄21˝ 
79˚ 32΄ 19˝, 
MSL 1972m 
P.No 485 

Big to small size 
angular colluvial 
boulders of quartzite 

Low X X X X - Silty 
(25-50)cm 

Low diss. Degraded 
forest 

Mod. 

E-22 
 

-   X X X X - Silty 
(25-50)cm 

Low diss. Degraded 
forest 

Mod. 

E-23, Old 
Lambagar Ls 
 

30˚38΄56˝ 
79˚ 31΄ 27˝, 
MSL 2107m P.No 
485 
 

Leucrocratic graneitc 
gneiss 
 

Low N05˚/45˚ N185˚/75˚  N85˚/85˚ X N05˚/45˚ Sandy 
(0-25m) 

High diss. Scrub Low 
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1 2 3 4 5 6 7 8 9 10 11 12 13 
E-24, Lambagar 
Ls 
 

30˚39΄01˝ 
79˚ 31΄ 25˝, 
MSL 2141m 
P.No 488-501, 508 

Overburden 
containing pebbles & 
boulders of gneisses 
with sandy to clayey 
mateial 

High X X X X overburden Silty 
(25-50)cm 

High diss. Medium forest Mod. 

E-25, Just 
upstream  & 
Opposite to New 
Lambagar Ls, on 
LHF of river 
Alaknanda 
 

P.No 502 & 506   Varying size gneisses 
boulders in colluvial 
wedge with sandy 
matrix 

Low X X X X - Silty 
(0-25)cm 

Mod diss. Scrub & Less 
forest cover 
just on the 
crown 

Mod. 

E-27, Badrinath 
4km & Joshimath 
40 km 
 
 

X Quartz biotite coarse 
grained gnessis in 
glacial debris along 
tributary 

High X X X X - Silty 
(0-25)cm 

High diss. Scrub & Less 
forest cover 

Low 

E-27A, Badrinath 
4km & Joshimath 
40 km 
 

30˚42΄55˝ 
79˚ 29΄ 59˝, 
MSL 2942m 
 
 

Quartz biotite coarse 
grained gnessis in 
glacial debris along 
tributary 

High X X X X - Silty 
(0-25)cm 

High diss. Scrub & Less 
forest cover 

Low 

E-28, opposite 
from road 
Badrinath 7km & 
Joshimath 37 km, 
On RHF of river 
Alaknanda 

On road: 30˚42΄40˝ 
79˚ 29΄ 54˝, 
MSL 2738m 
P.No 534,536 & 
537   

Quartz biotite coarse 
grained angular 
gnessis fragments of 
glacial debris 

Mod X X X X - Silty 
(0-25)cm 

Mod. diss. Scrub & Less 
forest cover 

Low 

E-29, opposite 
from road 
Badrinath 7km & 
Joshimath 37 km, 
On RHF of river 
Alaknanda 
 
 

On road: 30˚42΄40˝ 
79˚ 29΄ 54˝, 
MSL 2738m 
P.No 532,533 & 
535   

Insitu Quartz biotite 
coarse grained 
angular gnessis 
fragments of glacial 
debris  

N315˚/70˚ N135˚/3˚  N25˚/45˚ X N25˚/45˚ - Silty 
(0-25)cm 

Mod. diss. Barren Low 

E-30, Badrinath 
8km & Joshimath 
36 km, Ls on 
RHF of river 
Alaknanda 
 
 
 

On road: 30˚42΄40˝ 
79˚ 29΄ 54˝, 
MSL 2738m 
P.No 538   

Quartz biotite coarse 
grained angular 
gnessis fragments of 
glacial debris 

Low X X X X - Silty 
(0-25)cm 

High diss. Scrub & Less 
forest cover 

High 
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1 2 3 4 5 6 7 8 9 10 11 12 13 
 

E-31, Badrinath 
9.5km & 
Joshimath 34.5 
km 

30˚41΄54˝ 
79˚ 30΄ 41˝, 
 

Small to medium size 
fine grained glaciated 
biotite-quartzite and 
biotite-muscovite 
gneisses  fragments  

Low X X X X - Silty 
(25-50)cm 

High diss. Barren Low 

E-32A, Badrinath 
9.9km & 
Joshimath 34.1 
km 

30˚41΄50˝ 
79˚ 30΄ 49˝, 
MSL 2618m 
P.No 539 &542 

Small to medium size 
fine grained fluvial 
biotite-quartzite and 
biotite-muscovite 
gneisses  fragments 
in fine clayey matrix 

Mod. X X X X - Silty 
(25-50)cm 

Lowdiss. Barren Mod. 

E-32B, Badrinath 
9.9km & 
Joshimath 34.1 
km 

P.No 539 &542 Small to medium size 
fine grained fluvial 
biotite-quartzite and 
biotite-muscovite 
gneisses  fragments 
in fine clayey matrix 

Mod. X X X X - Silty 
(25-50)cm 

Low diss. Barren Low 

E-33 Badrinath 
9.0km & 
Joshimath 35km 
 

P.No 544 Fine grained biotite-
muscovite gneisses   

Low N340˚/45˚ N160˚/45˚ N35˚/85˚ X N160˚/45˚ Nil  Mod. diss. Barren Bare 

E-34, New 
Lambagar Ls on 
LHF of river 
Alaknanda 
 
 

P.No 545 & 546 Fine grained biotite-
muscovite gneisses   

Low N350˚/35˚ N160˚/80˚ N350˚ V X N160˚/80˚ Nil High diss. Barren Low 

E-35 
Badrinath 15.5 
km & Joshimath 
28.5 km 

30˚ 40΄ 35˝ 
79˚ 30΄ 36˝, 
MSL 2397m P.No. 
547 

Insitu of Biotite 
gneisses overlain by 
overburden of 
varying size  biotite 
rich Gneisses 
boulders embedded  
in silty soil 

Low N10˚/60˚ N190˚/45˚ N10˚ 
Vertical 

X N190˚/45˚ Sandy 
(0-25cm) 
 

- - - 

E-36 
Badrinath 15 km 
& Joshimath 29 
km 

30˚ 40΄ 56˝ 
79˚ 30΄ 33˝, 
MSL 2397m P.No. 
549-551 

Boulders  of  
different sizes of 
mainly Gneisses in 
loose form 

Moderate X X X X Seasonal 
tributary 

X high diss. Low Low 

E-36A 
Badrinath 14.9 
km & Joshimath 
28.9 km 

P.No. 548 Boulders  of  
different sizes of 
mainly Gneisses 
cemented by sandy 
frag 

Low X X X X Escarp created 
due to road 
cutting & had 
enlargened 

Sandy 
(0-25cm) 

Low diss. - - 
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1 2 3 4 5 6 7 8 9 10 11 12 13 
E-37 
Badrinath 12 km 
& Joshimath 32 
km 

30˚ 41΄ 19˝ 
79˚ 30΄ 43˝, 
MSL 2512m 
 
P.No. 552 

Boulders  of  
different sizes of 
mainly Gneisses  

Highly weathered X X X X A channel 
created 
through glacial 
colluvial 
wedge 

X Low diss. Barren shrub Low 

F1, 300m 
upstream from 
confluence of 
Alaknanda & 
Dhauliganga 
rivers, on RHF 
150m above river 
bed 

Opposite on road 
30˚ 33΄ 16˝ 
79˚ 34΄ 38˝, 
P.No. 558 

Boulders  of  
different sizes of 
mainly Gneisses 

Highly weathered X X X X Scarp formed 
due to slope 
failure 

Silty  
25-50cm 

Mod. Diss. Barren shrub Low 

F2, Joshimath-
Tapovan motor 
road, 2 km from 
Joshimath, along 
Ati nala 

30˚ 32΄ 16˝ 
79˚ 34΄ 44˝, 
P.No. 562,576 

Boulders  of  
different sizes of 
mainly Gneisses 
embedded in clayey 
soil 

Highly weathered X X X X clayey  
 

 high diss. - Low 

F3, Joshimath-
Tapovan motor 
road, 3.5 km from 
Joshimath 

30˚ 32΄ 18˝ 
79˚ 35΄ 07˝, 
P.No. 568 

Boulders  of  
different sizes of 
mainly biotite rich 
Gneisses embedded 
in clayey soil 

Highly weathered X X X X - 
 

Silty  
25-50cm 

Mod. Diss. Barren shrub Low 

F4, Joshimath-
Tapovan motor 
road, 3.9 km from 
Joshimathc 

30˚ 32΄ 14˝ 
79˚ 35΄ 09˝, 
P.No. 570 &571 

Boulders  of  varying 
sizes of mainly large 
biotite rich Gneisses 
embedded in clayey 
soil 

Moderately 
weathered 

X X X X - Silty  
25-50cm 

Mod. Diss. Barren shrub Low 

F6, Joshimath-
Tapovan motor 
road, 5.2 km from 
Joshimathc 

30˚ 31΄ 50˝ 
79˚ 35΄ 43˝, 
P.No. 570 &571 

Boulders  of  small 
sizes of mainly large 
biotite rich Gneisses 
embedded in clayey 
soil 

Highly weathered X X X X - Clayey soil  
50-100cm 

Mod. Diss. Barren shrub Low 
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Appendix 2 Details of the landslides bodies validated in the field  
Locatio
n No. 

Slope of 
adjacent 

0-15, 
15-25, 
25-30, 
30-35, 
35-40, 
40-45, 
45-60, 
60> 

 

Slope in 
slide 

0-15, 15-
25, 25-30, 
30-35, 35-
40, 40-45, 
45-60, 60> 
Slope 
Aspect 
 N, S, NE, 
NW, SE, 
W, E, Flat 
Slope 
Morpholog
y 
Straight, 
Convex, 
Concave, 
Break in 
Slope 

Dip-Slope 
relationship 
Dip>Slope 
Slope>Dip 
Cataclinal 
Analcinal 
Plagioclinal 
  (Angle 
   between 
   directions) 

Landslide 
Status 
Old, Active 
 
Morphology 
Modified 
slope angle 
Cracks 
Scarps 
Tilting 
Depression 
Deranged-
drainage 
Erosional 
features 
(Gully, sheet, 
rill, Hwe, 
bank erosion) 
Disturbed 
trees etc. 
Bulge 
Runout zone 
 
 
 

Movement 
Fall 
Topple 
Planer 
Slide 
Rotational 
Slide 
Flow 
Spread 

Slide 
dimension 
Up Slope 
Down Slope 
Width 
Date of slide 

Crack 
Seepage/ 
Spring  
Tilting 
 

Damage 
Settlement 
Road Length 
Agriculture 
Forest area 
River blocked 
(Yes/No) 

Cause(s) of 
failure 
Weak material, 
Structural 
discontinuity, 
Contrast in 
hardness, Toe 
erosion, 
Loading of 
slope, 
Deforestation, 
Irrigation, 
Water leakage, 
Excess rainfall, 

Preventive 
measures 

Anthropog
enic 
Road/slope 
cutting, 
Mining, 
Toe 
removal 

Landslides 
Features 
recognizab
le on 
imagery 

14 15 16 17 18 19 20 21 22 23 24 25 26 
A-1 45˚-60˚, 

 
65˚-75˚, 
NE (35˚) 
Convex to 
straight 

Anaclinal Partially active Rock 
wedge 
 

Us 75m, 
Ds  10m, 
W  60-70m 
02 Oct 2007 

Seepage on 
back of slide 

Road 65m, 
bridge 
potentially 
danger 

Jointed 
schistose rock, 
rainfall 

Removal of 
debris, toe, 
RW and 
BW 

Road 
cutting, Toe 
removal 

Imagery 
after 
02-10-07 
date 
is required 
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14 15 16 17 18 19 20 21 22 23 24 25 26 
A-2 15˚-25˚ 30˚-35˚, 

NW (300˚) 
Concave 

Plagioclinal, 
60˚,  
 Dip > Slope 

Old reactive Rock 
wedge 
 

Us 3m, 
Ds  Nil, 
W  15-20m 
25 Sep 2007 

Seepage Road 20m Water leakage, 
weathering 

Cross 
drainage 
above 
crown 

Road 
cutting, Toe 
removal 

Elongated 
& 
Unvegetate
d RO along 
slope 

A-3 15˚-25˚ 30˚-35˚, 
SW (230˚) 
straight 

Not clear Old reactive Debris 
slide 

Us 35m, 
Ds  10m, 
W  50-60m 
 

Pine trees 
hockey 
bends 

Road 60m Water leakage, 
weathering 

RW in 
steps 

Road 
cutting, Toe 
removal 

Gully, RO 
down to 
river 

A-4 30˚-35˚ 40˚-45˚, 
SW (240˚) 
straight 

Not clear Old reactive Debris 
slide 

Us 50m, 
Ds  80-
100m, 
W  90-100m 
 

Pine trees 
hockey 
bends 

Road 100m Water leakage, 
weathering 

Old RW 
buried by 
fresh slide 

Road 
cutting, Toe 
removal 

Gully, RO 
down to 
river 

A-5 15˚-25˚ 30˚-35˚, 
W (260˚) 
Concave 

Anaclinal Old reactive Rock 
wedge 

Us 25m, 
Ds  30m, 
W  25-30m 
 

- Road 30m Joints and 
fissures 

RW Road 
cutting, Toe 
removal 

Elongated 
RO along 
slope down 
to river, 
contrast 
with 
adjacent 

A-6 30˚-35˚ 40˚-45˚, 
W (260˚) 
straight 

Anaclinal Active Debris 
slide 

Us 20m, 
Ds  45m, 
W  35-40m 
 

- Road 40m Loose old RBM 
over schist rock 

Toe wall 
and RW 
from base 
of the slope 

Road 
cutting, Toe 
removal 

RO along 
slope down 
to river 

B-1 45˚-60˚ 30˚-35˚, 
W (260˚) 
Straight 

X Active, 
Bank erosion 

Debris 
slide 

Us Nil, 
Ds  80-
100m, 
W  30m 
 

X 30m road Water leakage Toe wall, 
Rw in steps 

X Gully, RO 
down to 
river 

B-2 45˚-60˚ >60˚, 
W (250˚) 
Concave 

Slope>Dip Active Rock 
wedge 

Us 10m, 
Ds  Nil, 
W  10m 
 

Crack 10m road Joints & 
fractured 

Overhangin
g remove 

Road Unclear 
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14 15 16 17 18 19 20 21 22 23 24 25 26 
B-3 45˚-60˚ >60˚, 

SW (270˚) 
Concave 

Slope>Dip Old Rock  
Fall 

Us 400m, 
Ds  ..m, 
W  ….m 
29Mar1999 

- Road, 
agriculture & 
forest 

Joints & 
fractured 

Now stable - Crown, 
contrast of 
scar with 
adjacent 
area along 
slope 

B-4 45˚-60˚ >60˚, 
E (90˚) 
Concave 

Slope>Dip Active, 
Gully erosion 

Rock  
Rotational 

1970 Seepage Agriculture, 
Pine forest 

- Not 
possible 

..  

C-1 
 

30˚-35˚ 35˚-40˚, 
NW (290˚) 
Concave 

Slope>Dip Old reactive, 
 

Rock, 
debris 
 

Us 150m, 
Ds 200m, 
W  60m 
 

Crack, 
Seepage 

60m road Joints & 
fractured, 
headward 
erosion, water 
leakage 

Gabians on 
uphill of 
road 

Road Ls falls on 
shadow 

C-2A 
 

30˚-35˚ 45˚-60˚, 
SE (140˚) 
straight 

Plagioclinal Active 
new 

Rock 
fall 

From ridge 
upto above 
village, RHF 
of 
Alaknanda 
14Aug 2007 

Crack X Joints & 
fractured 

Overburden 
removal 

- Scar 
developing 
gully 
forming 
along slope 

C-2B 
 

40˚-45˚ 45˚-60˚, 
SE (160˚) 
straight 

Slope>Dip Active 
new 

Debris 
slide 

From 
colluvial 
material 
down 
towards 
Alakanda 
river 
14Aug 2007 

Seepage X Excess rainfall - - Slight semi 
lunar shape 
contrast 
near crown 
Imagery is 
required 
after 
14-08-07 
for clearity 
 

C-3 
 

45˚-60˚ >60˚ 
NW(285˚) 
Break in 
slope 

Slope>Dip Active Rock 
fall 

Us 100m, 
Ds 100m, 
W  60m 

Crack 60m Road Joints & 
fractured 

Tunneling 
200m 

Road  Ls falls on 
shadow 
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14 15 16 17 18 19 20 21 22 23 24 25 26 
C-4 
 

25˚-30˚ 35˚-40˚, 
SE (100˚) 
concave 

Plagioclinal Active 
 

Rock 
fall 

Alaknanda 
RHF 2004, 
2005 

Crack forest Joints & 
fractured 

No need Slope 
failure 

Elongated 
RO along 
slope down 
to stream, 
contrast 
with 
adjacent 

C-5 
 

25˚-30˚ 35˚-40˚, 
SE (140˚) 
concave 

Anaclinal Old reactive 
 

Rock  
debris 
slide 

150m up 
from 
Alaknanda 
RHF 

Crack forest Joints & 
fractured 

No need Slope 
failure 

Elongated 
RO along 
slope down 
to river, 
contrast 
with 
adjacent 

C-6 
 

45˚-60˚ 45˚-60˚, 
SW (250˚) 
Concave 

Plagioclinal Old reactive, 
Head ward & 
Gully erosion 
 

Rock  
debris 
slide 

Us 250m, 
Ds 100m, 
W  10m 

Crack 10m road only 
as causeway 
built 

Joints & 
fractured 

Plantation 
near crown 

Road Crown & 
scar clear 
contrast 
with 
adjacent, 
Unvegetate
d RO along 
slope down 
to road 

C-7A 35˚-40˚ 45˚-60˚, 
NW (330˚) 
Concave 

Plagioclinal Old reactive, 
Gully erosion 
 

Rocky with 
debris 
overburden 

Us 125m, 
Ds 60m, 
W  80m 

Seepage 80m road water leakage Drainage 
developme
nt 

Road Gulley, 
Headward 
erosion 

C-7B 
 

35˚-40˚ 35˚-40˚, 
SW (260˚) 
Concave 

Anaclinal Old reactive, 
Gully erosion 

Rocky with 
debris 
overburden 

Us 75m, 
Ds 50m, 
W  40m 

Seepage 40m road water leakage Drainage in 
road 
required 

Road Contrast 
with 
adjacent & 
RO down 
to motor 
road along 
slope 
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14 15 16 17 18 19 20 21 22 23 24 25 26 
C-8 
 

45˚-60˚ >60˚ 
NW(350˚) 
Break in 
slope 

Cataclinal Active 
 

Rock  
planer 

Us 60m, 
Ds 90m, 
W  40m 

Crack 40m Road & 
bridge 

Joints & 
fractured, 
quarry 

- Road Gulley, 
Headward 
erosion, RO 
zone 

C-9 
 

35˚-40˚ 45˚-60˚, 
SE (160˚) 
straight 

X Active, 
Head ward & 
Gully erosion 

Debris 
slide 

Us 70m, 
Ds 150m, 
W  200m 

Seepage 200m road Weak material 
& water 

Breast wall  Road Contrast 
with 
adjacent & 
RO down 
to motor 
road along 
slope 

D-1 
 

25˚-30˚ 40˚-45˚, 
NW (280˚) 
Concave 

Plagioclinal Active, 
Head ward 
erosion 
 

Debris 
slide 

Us 70m, 
Ds nil 
W  20m 
14Aug07 

Crack & 
cutting of 
hill slope at 
time of road 
construction 

25m road Excess rainfall BW in 
steps & 
plantation 

Road difficult 

D-2 
 

20˚-25˚ 30˚-35˚, 
W (270˚) 
Concave 

X Active, 
Head ward 
erosion 
 

Debris 
slide 

Us 30m, 
Ds 10m 
W  10m 
14Aug07 

Seepage 10m road Excess rainfall 
& toe removal 

RW & BW Road difficult 

D-3 
 

25˚-30˚ 40˚-45˚, 
NW (300˚) 
Straight 

X Active, 
Head ward 
erosion & gully 
 
 

Debris 
slide 

Us 30m, 
Ds nil 
W  25m 
 

Seepage 25m road Excess rainfall 
& toe removal 

BW Road RO down 
to motor 
road along 
slope, 
Contrast 
with 
adjacent 

D-4 
 

35˚-40˚ 45˚-60˚, 
NW (290˚) 
Concave 

X Old reactive, 
Head ward 
erosion 

Rock  
debris 
slide 

Us 45m, 
Ds 80m 
W  45m 
 

Crack 45m road Joints & 
fractured, 
Excess rainfall 
& toe removal 

BW……. Road Headward 
erosion, RO 
down to 
motor road 
along slope, 
Contrast 
with 
adjacent 
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14 15 16 17 18 19 20 21 22 23 24 25 26 
D-5 
 

35˚-40˚ 45˚-60˚, 
NW (275˚) 
straight 

Slope=Dip 
same 
direction 

Old reactive, 
Head ward 
erosion & gully 

Rock  
planer 
debris 
slide 

Us 65m, 
Ds 40m 
W  110m 
 

Crack 40m road Joints & 
fractured, 
Excess rainfall 
& toe removal 

Soil nailing 
on crown to 
stop 
headward 
erosion 
then 
gabians on 
main scarp 

Road Headward 
erosion, RO 
down to 
motor road 
along slope, 
Contrast 
with 
adjacent 

D-6 
 

25˚-30˚ 35˚-40˚, 
W (270˚) 
Concave 

X Old reactive, 
Gully erosion 
 

Debris 
slide 

Us 20m, 
Ds 35m 
W  70m 

Seepage 35m road Excess rainfall 
& toe removal 

BW in 
steps & 
gabians 

Road Headward 
erosion, RO 
down to 
motor road 
along slope 

D-7 
 

20˚-25˚ 35˚-40˚, 
NW (300˚) 
Straight 

Slope=Dip 
same 
direction 

Old reactive, 
Head ward 
erosion & gully 

Rock & 
Debris 
slide 

Us 80m, 
Ds 120m 
W  100m 

Seepage 100m road Excess rainfall 
& toe removal 

BW in 
steps & 
gabians 

Road Headward 
erosion, RO 
down to 
motor road 
along slope 

E-1 
 

 

35˚-40˚ 65˚-70˚, 
SE (160˚) 
Straight 

X Old reactive, 
Gully erosion 

Debris 
slide 

Us 25m, 
Ds 70m 
W  150m 

Spring 70m road Excess rainfall 
& toe removal 

BW in one 
more step, 
Drainage 
developme
nt 

Road Due to 
shape of 
scarp upto 
river Ls 
body can be 
assumed 

E-2 

 
55˚-60˚ 65˚-70˚, 

SW (210˚) 
Straight 

Anaclinal Old reactive, 
within colluvial 
wedge 

Debris 
slide 

Us 150m, 
Ds 75m 
W  300m 

X 300m road Joints & 
fractured, 
excess rainfall 
& toe removal 
in road 
construction 

BW, drain 
side of road 
& loose 
fragments 
removal 

Road Shape of 
insitu rocks 
slide scarp 
upto road 
showing 
clear 
contrast 
with 
adjacent 
terrain 
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14 15 16 17 18 19 20 21 22 23 24 25 26 
E-3 

 
35˚-40˚ 50˚-55˚, 

S (180˚) 
Straight 

X Old reactive, 
Gully erosion 

Debris 
slide 

Us 30m, 
Ds 45m 
W  70m 

X 70m road Excess rainfall 
& toe removal 

BW in 
steps, 
Drainage 
developme
nt 

Road Due to 
shape of 
scarp upto 
river Ls 
body can be 
assumed 

E-3A 

 
50˚-55˚ 80˚-85˚, 

S (180˚) 
Straight 

Anaclinal Old reactive, 
Gully erosion 

Debris 
slide 

Us 60m, 
Ds 50m 
W  150m 

Wedges 150m road Joints & 
fractured  in 
Wedges 

Overhangin
g remove 

Road Due to 
shape of 
scarp down 
to river Ls 
body can be 
assumed 

E-3B 

 
65˚-70˚ 50˚-55˚, 

S (180˚) 
Concave 

Anaclinal Old reactive, 
Gully erosion 

Debris 
slide 

Us 60m, 
Ds 80m 
W  70m 

X 70m road Joints & 
fractured, 
excess rainfall 

Overhangin
g remove 

Road Due to 
shape of 
scarp upto 
river Ls 
body can be 
assumed 

E-4 

 
35˚-40˚ 50˚-55˚, 

N (20˚) 
Concave 

X Old reactive, 
Head ward 
erosion & gully 

Debris 
slide 

Total RO 
down to 
riverbed 
110m, 
W 70m 

Seepage, 
Spring 

Forest area Head ward 
erosion & gully 

Drainage 
developme
nt 

Slope Shadow, 
hard to 
identify 

E-5 

 
50˚-55˚ 80˚-85˚, 

S (180˚) 
Concave 

Anaclinal Old reactive, 
 

Rock  
planer 
wedge 

Us 80m, 
Ds 80m 
W 60m 

cracks  60m road Joints & 
fractured  in 
Wedges 

Overhangin
g remove 
boulderss 

Road Shape of 
insitu rocks 
slide scarp 
upto road 
showing 
clear 
contrast 
with 
adjacent 
terrain 
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14 15 16 17 18 19 20 21 22 23 24 25 26 
E-5B 

 
 35˚-40˚ 70˚-75˚, 

S (290˚) 
Straight 

X Old reactive, 
Gully erosion 

Debris 
slide 

Us 35m, 
Ds 30m 
W 30m 

X 30m road Excess rainfall 
& toe removal 

BW in 
steps, 
Drainage 
developme
nt 

Road Due to 
shape of 
scarp upto 
river Ls 
body can be 
assumed 

E-6 

 
65˚-70˚ 75˚-80˚, 

SW (245˚) 
Break in 
slope 

X Old reactive, 
Gully erosion & 
Head ward 
erosion 

Debris 
slide 

Us 80m, 
Ds 100m 
W 70m 

X 100m road Excess rainfall 
& toe removal 

BW in one 
more step, 
Drainage 
developme
nt 

Road Due to 
shape of 
scarp down 
to river Ls 
body can be 
assumed 

E-7 40˚-45˚ 60˚-65˚, 
SW (230˚) 
Concave 

Anaclinal Old reactive 
 

Rock  slide Us 150m, 
Ds 100m 
W 200m 

X 200m road & 
blocking of 
river Alaknanda 

Joints & 
fractured   

Overhangin
g remove 
boulders 

Road Shape of 
scarp upto 
riverbed 
showing 
clear 
contrast 
with 
adjacent 
terrain 

E-8 

 
35˚-40˚ 60˚-65˚, 

NE (230˚) 
Concave 

X Active 
 

Debris 
slide 

Total RO 
down to 
riverbed 
100m, 
W 70m in 
river 

X Blocking of 
river Alaknanda 

Excess rainfall No need Natural Shadow, 
hard to 
identify 

E-9 

 
60˚-65˚ 80˚-85˚, 

SW (235˚) 
Concave 

X Old reactive 
 

Debris 
slide 

Us 70m, 
Ds 80m 
W 150m 

X 150m road Excess rainfall 
& toe removal 

BW in 
steps, 
Drainage 
developme
nt 

Road Shape of 
debris scarp 
down to 
road, clear 
contrast 
with 
adjacent 
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14 15 16 17 18 19 20 21 22 23 24 25 26 
E-10 

 
50˚-55˚ 80˚-85˚, 

SW(260˚) 
Concave 

X Old reactive 
 

Debris 
slide 

Us 50m, 
Ds 90m 
W 75m 

X 75m road Excess rainfall 
& toe removal 

BW in one 
more step, 
Drainage 
developme
nt 

Road Due to 
shape & 
contrast of 
RO down 
to river Ls 
body can be 
differentiat
ed 

E-11 

 
50˚-55˚ 60˚-65˚, 

N (10˚) 
Concave 

X Old reactive Debris 
slide 

Us 70m, 
Ds 25m 
W 60m 

X 60m road Excess rainfall 
& toe removal 

BW in 
steps, 
Drainage 
developme
nt 

Road Due to 
shape & 
some 
contrast of 
RO down 
to river Ls 
body can be 
assumed 

E12 

 
35˚-40˚ 60˚-65˚, 

N (20˚) 
Concave 

X Old reactive, 
Crown & Scarp 

Debris 
slide 

Us 35m, 
Ds 50m 
W 60m 
Depth 2-5m 

X 60m road Excess rainfall 
& toe removal 

BW in 
steps, 
Drainage 
developme
nt 

Road Due to 
shape of 
scarp down 
to river Ls 
body can be 
assumed 
difficultly 

E-13 

 
35˚-40˚ 50˚-55˚, 

N (55˚) 
Concave 

X Old reactive 
 

Debris 
flow 

? 
2005 

Seepage, - Excess rainfall Drainage 
developme
nt 

Road, 
houses 

Difficult to 
identify 

E-14 

 
35˚-40˚ 60˚-65˚, 

SW (210˚) 
Concave 

X Old reactive, 
Crown & Scarp 

Debris 
slide 

Crown Just 
below 
briddle path, 
RO 150 m 
down to 
Laxmangang
a RHF 

X X Toe erosion RW in 
steps 

briddle path Shape of 
scarp &RO 
down to 
stream 
showing 
clear 
contrast 
with 
adjacent 
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14 15 16 17 18 19 20 21 22 23 24 25 26 
E-15 

 
30˚-35˚ 40˚-45˚, 

NE(60˚) 
Concave 

 Old Debris 
slide 

Us 200m, 
Ds 75m 
W 250m 
 

X 250m road Excess rainfall 
& toe removal 

BW in 
steps, 
Drainage 
developme
nt 

Road Difficult to 
identify 

E-16 

 
70˚-75˚ 40˚-45˚, 

SW(260˚) 
Straight 

Plagioclinal Old reactive, 
Crown & Scarp 

Rock  slide Total RO 
down to 
riverbed 
100m, 
W 50m 

Wedges X Joints & 
fractured & 
excess rainfall 

No need Barren 
slope 

Half part 
under 
shadow so 
complete 
body  hard 
to identify 

E17 

 
50˚-55˚ 80˚-85˚, 

NE(65˚) 
Concave 

Plagioclinal Old reactive, 
Crown & Scarp 

Rock  slide Us 110m, 
Ds 90m 
W 120m 
 

cracks X Joints & 
fractured & 
excess rainfall 

Overhangin
g remove 
boulders 

Road Due to 
shape & 
some clear 
contrast of 
RO down 
to road  
river Ls 
body can be 
assumed  

E18 

 
35˚-40˚ 60˚-65˚, 

NE (75˚) 
Straight 

X Old reactive, 
Crown & Scarp 

Debris 
slide 

Us 75m, 
Ds 60m 
W 70m 

X 70m road Excess rainfall 
& toe removal 

BW in one 
more step 

Road Difficult to 
identify 

E19 

 
30˚-35˚ 45˚-50˚, 

NE(40˚) 
Concave 

X Old reactive, 
Crown & Scarp 

Rock  
debris  
slide 

Us 45m, 
Ds 40m 
W 35m 

X 70m road toe removal BW & 
Drainage 
developme
nt 

Road Difficult to 
identify 

E-20 

 
30˚-35˚ 45˚-50˚, 

E(90˚) 
Concave 

X Old reactive, 
Crown & Scarp 

Debris 
slide 

Total RO 
down to 
stream 60m 
 

X X Excess rainfall 
& toe removal 

Check 
walls 

Barren 
slope 

Elongated 
scarp along 
stream 
showing 
clear 
contrast 
with 
adjacent 
terrain 
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14 15 16 17 18 19 20 21 22 23 24 25 26 
E-21 

 
30˚-35˚ 40˚-45˚, 

NE(55˚) 
Straight 

X Old inactive 
 

Debris 
slide 

Us 200m, 
Ds 75m 
W 200m 

X 200m road Excess rainfall 
& toe removal 

BW in 
steps 

Road Elongated 
shape due 
to slightly 
change in 
tone can be 
assumed  

E-21A 

 
35˚-40˚ 60˚-65˚, 

NE (30˚) 
Concave 

X Old reactive, 
Gully erosion & 
Head ward 

Debris 
slide 

Us 80m, 
Ds 90m 
W 100m 

X 100m road Excess rainfall 
& toe removal 

BW in 
steps 

Road, 
Electric 
pole 

RO can be 
assumed 

E-22 

 
40˚-45˚ 50˚-55˚, 

SE (55˚) 
Concave 

X Old inactive 
 

Debris 
slide 

Us 50m, 
Ds 90m 
W 30m 

X 300m road Excess rainfall 
& toe removal 

BW in 
steps 

Road RO in 
shadow 

E-23 

 
35˚-40˚ 45˚-50˚, 

N (05˚) 
Straight 

Cataclinal Old reactive Rock  
planer 
wedge 

Total RO 
down to 
stream 250m 
W 400m 
 

Seepage  Stream 
blockade,  
 

Joints & 
fractured 

- Natural 
affects 
Road 

 

E-24 

 
45˚-50˚ 75˚-80˚, 

NE(25˚) 
Concave 

X Old reactive, 
Gully erosion & 
Head ward 

Debris 
slide 

Us 100m, 
Ds 70m 
W 400m 

Seepage 400m road Excess rainfall 
& toe removal 

Scarp’s  
slope 
reducing, 
BW in 
steps & 
Drainage 
developme
nt 

Road clear 
contrast of 
RO down 
to road/ 
river Ls 
body can be 
differentiat
ed 

E-25 

 
50˚-55˚ 75˚-80˚, 

SW(250˚) 
Concave 

X Old reactive Debris 
slide 

Total RO 
down to river 
Alaknanda 
150m 
W125m 
 

X River 
Alaknanda 
blockade 

Excess rainfall 
& toe removal 

No need Natural Elongated 
RO shape 
of debris 
slide along 
slope 
showing 
clear 
contrast 
with 
adjacent  
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14 15 16 17 18 19 20 21 22 23 24 25 26 
E-27 

 
35˚-40˚ 60˚-65˚, 

SW (230˚) 
Concave 

X Old reactive Debris 
flow 

Total RO 
down to river 
Alaknanda 
500m 
 

X Stream 
blockade 

Excess rainfall 
& toe removal 

Check 
walls in 
steps 

Natural 
affects 
Road 

Elongated 
RO shape 
of debris 
flow along 
stream  

E-27A 

 
45˚-50˚ 70˚-75˚, 

SW (230˚) 
Concave 

X Old reactive Rock slide Total RO 
down to river 
Alaknanda 
300m 
 

X Stream 
blockade 

Excess rainfall 
& toe removal 

Check 
walls in 
steps 

Natural 
affects 
Road 

Elongated 
RO shape 
of debris 
flow along 
stream  

E-28 

 
- - X Old reactive, 

Gully erosion & 
Head ward 

Debris 
slide 

Total RO 
down to river 
Alaknanda 
225m 
W 150m 

Seepage River 
Alaknanda 
blockade 

Joints & 
fractured 

No need Natural, 
Barren 
slope 

Due to 
shape & 
contrast of 
RO down 
to river Ls 
body can be 
differentiat
ed 

E-29 

 
50˚-55˚ 80˚-85˚, 

NE (25˚) 
Concave 

X Old reactive, 
Gully erosion & 
Head ward 

Debris 
slide 

Total RO 
down to river 
Alaknanda 
100m 
W 100m 
 

X River 
Alaknanda 
blockade 

Excess rainfall 
& toe removal 

No need Natural, 
Barren 
slope 

Difficult to 
identify 

E-30 

 
40˚-45˚ 65˚-70˚, 

NE (15˚) 
Straight 

X Old reactive in 
a small part of 
old Ls, Gully 
erosion & Head 
ward 

Debris 
slide 

Total RO 
down to river 
Alaknanda 
80m 
W 40m 
 

Seepage River 
Alaknanda 
blockad and 
Forest 

Excess rainfall 
& toe removal 

No need Natural, 
Barren 
slope 

Difficult to 
differentia-
te 

E-31 40˚-45˚ 65˚-70˚, 
S (190˚) 
Straight 

X Old reactive in 
a small part of 
colluvial 
wedge, Gully 
erosion & Head  

Debris 
slide 

Us 20m, 
Ds 80m 
W 20m  

X 20m road Excess rainfall 
& toe removal 

BW in 
steps 

Road Difficult to 
different-
iate 
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14 15 16 17 18 19 20 21 22 23 24 25 26 
E-32A 40˚-45˚ 65˚-70˚, 

SW (290˚) 
Concave 

X Old reactive in 
a small part of 
colluvial 
wedge, Gully 
erosion & Head 
ward 

Debris 
slide 

Us 30m, 
Ds 25m 
W 20m  

X 20m road Excess rainfall 
& toe removal 

BW in 
steps 

Road Shape of 
debris scarp 
down to 
road 
showing 
clear 
contrast 
with 
adjacent 
terrain 

E-32B 

 
30˚-35˚ 60˚-65˚, 

SW (230˚) 
Concave 

X Old reactive in 
a small part of 
colluvial 
wedge, Gully 
erosion & Head 
ward 

Debris 
slide 

Us 15m, 
Ds 20m 
W 35m  

X 35m road Excess rainfall 
& toe removal 

BW in 
steps 

Road Shape of 
debris scarp 
down to 
road 
showing 
clear 
contrast 
with 
adjacent 
terrain 

E-33 

 
40˚-45˚ 65˚-70˚, 

S (160˚) 
Straight 

Anaclinal Old reactive  Rock  
planer 
wedge 

Us Nil, 
Ds 200m 
W 40m in 
river  

X Alaknanda 
blockade & 
Road damage 
on later stage 

Joints & 
fractured 

- Road - 

E-34 

 
40˚-45˚ 75˚-80˚, 

S (190˚) 
Concave 

X Old reactive  Rock slide Total RO 
down to 
stream 300m 
W 150m 
 

X River 
Alaknanda 
blockade 

Excess rainfall 
& toe removal 

Difficult Road Elongated 
RO shape 
of Rock 
slide along 
slope 
showing 
clear 
contrast 
with 
adjacent 
terrain 
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14 15 16 17 18 19 20 21 22 23 24 25 26 
E-35 

 
20˚-25˚ 35˚-40˚, 

S (190˚) 
Straight 

Anaclinal Old reactive  
 

Debris slide Us 50m, 
Ds 300m 
W  45m 

Cutting of 
hill slope at 
time of road 
construction 

200m road Loose  
colluvium over 
insitu Jointed 
and fractured 
gneisses rock 

BW in 
colluvium 

Road - 

E-36 

 
 35˚-40˚, 

SW (220˚) 
Straight 

X Old reactive debris flow Us 650m, 
Ds 60m 
W  200m 

  Excess rainfall 
&  

   

E-36A 

 
40˚-45˚ 35˚-40˚, 

NW (280˚) 
Straight 
grooved 

X Old reactive,  
 

Debris slide Us 30m, 
Ds 30m 
W  45m 

X 45m road Excess rainfall 
& insufficient 
toe protection 

BW in one 
more step 

Road - 

E-37 
Badrinat
h 12 km 
& 
Joshimat
h 32 km 

35˚-40˚ 35˚-40˚, 
NW (280˚) 
Straight 
grooved 

X Old reactive,  
Gully erosion 

debris flow Us 75m, 
Ds 50m 
W  30m 

X 30m road Excess rainfall 
& toe removal 

BW in 
steps 
deepening  
& 
alignment 
of channel 
by gabians 

Road Headward 
erosion, RO 
down to 
motor road 
along slope 

F1 55˚-60˚ 75˚-80˚, 
SW (240˚) 
concave  

X reactive Debris slide Runout 
100m 
 

Seepage X Excess rainfall No need X - 
 
 
 
 

F2 35˚-40˚ 55˚-60˚, 
N (05˚) 
concave 

X Old reactive,  
Gully erosion 

debris flow Us 1.5km, 
Ds 0.5km 
W  60m 

Seepage 60m road water Seepage Channelizat
ion of 
check 
walls, BW 
& RW near 
motor road 

Road & 
houses 
nearby 
stream 

- 

F3 25˚-30˚ 40˚-45˚, 
NE (50˚) 
Straight 
grooved 

X Old reactive, 
continuously 
slow movement 
 

Continuous 
subsidence, 
max. motor 
road shows 
5m 
difference 

Us 150m, 
Ds 200m 
W  500m 

Seepage 500m road water Seepage Channelizat
ion ,check 
walls, BW 
& RW near 
motor road 

Road - 
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14 15 16 17 18 19 20 21 22 23 24 25 26 
F4 30˚-35˚ 40˚-45˚, 

NE (75˚) 
Concave 

X Old reactive, 
Head ward 
erosion & gully 

Debris slide Us 40m, 
Ds 35m 
W  70m 

Seepage 70m road water Seepage Channelizat
ion of 
subsurface 
& surface 
water. 
Constructio
n of check 
walls, BW 
& RW near 
motor road 

Road - 

F6 25˚-30˚ 60˚-65˚, 
N (350˚) 
Concave 

X Old reactive, 
continuously 
slow movement 
 

Soil flow Us 20m, 
Ds 40m 
W 35m 

Seepage 35m road water Seepage Channelizat
ion of 
subsurface 
& surface 
water. 
Constructio
n of check 
walls, BW 
& RW near 
motor road 

Road & 
agriculture 
land 

- 
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Appendix 3  

Figure 5.16  Location numbers of landslides 
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Figure 5.17 Anaglyph prepared by orthoimage 

             of Cartosat-1, 11Nov’2006 and 

              SRTM DEM, Nandprayag area 
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Appendix 4  

Figure 5.18 Anaglyph of smaller landslides bodies 

The southern most part of the study area with small landslides (A) 

 

Morphological feature: 
1 Rectangular- irregular crown. (Arrow showing 
crown)  
2.  Scarp very steep, body of slide in zone of depletion 
concave on sides, in middle hummocky morphology. 
3. Side scars are steep. 
4. In zone of accumulation run out extension down 
into. the stream. 
 

Drainage Characteristics: 
1 Contrast with no failed slopes. 

Vegetation Characteristics: 
1.  Sparse density of vegetation on landslide body 
compare to surrounding. 

  
 
 
 
 
 
 

103 



LANDSLIDE MONITORING IN SPACE AND TIME USING OPTICAL SATELLITE IMAGERY AND DEM DERIVED PARAMETERS: CASE 
STUDY FROM GARHWAL HIMALAYA, UTTARAKHAND, INDIA  

 
 

Appendix 5 

Figure 5.19 Anaglyph of smaller landslides bodies 

 
The southern most part of the study area with small landslides (B) 

Morphological feature: 
1 Rectangular- irregular crown. (Arrow showing crown)  
2.  Scarp very steep, body of slide in zone of depletion concave 

on sides, in middle hummocky morphology. 
3. Side scars are steep. 
4. In zone of accumulation Run out extension down into the 

stream.  
5. Landslide body broader to narrower down. 
 

Drainage Characteristics: 
1. Contrast with no failed slopes. 

Vegetation Characteristics: 
1. Sparse density of vegetation on landslide body compare to surrounding 
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Appendix 6  

Figure 5.20 Study area on AWiFS and Thematic mapper 

 

 
 

105 



LANDSLIDE MONITORING IN SPACE AND TIME USING OPTICAL SATELLITE IMAGERY AND DEM DERIVED PARAMETERS: CASE 
STUDY FROM GARHWAL HIMALAYA, UTTARAKHAND, INDIA  

 

Appendix 7 

Figure 5.21 Study area on LISS III and ASTER 

 
 

 

106 



LANDSLIDE MONITORING IN SPACE AND TIME USING OPTICAL SATELLITE IMAGERY AND DEM DERIVED PARAMETERS: CASE 
STUDY FROM GARHWAL HIMALAYA, UTTARAKHAND, INDIA  

Appendix 8 

Figure 5.22 Study area on ETM+ & LISS IV 
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Figure 5.23 Study area on Cartosat-1 and in SRTM DEM 
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Appendix 10 

Figure 5.24  Slope map and Aspect Map of study area 
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Figure 5.25 Field Photographs on recently reactivated landslide locations 

 On NH 72, near Pipalkoti L.No. D1 
 

 
GREF Staff working at the site where road damaged due to 14 Aug’07 torrential rainfall 
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Slides developed in 2007 Rainy season on the right flank of river Alaknanda near Pipalkoti 

 Pakhi rock and debris slide that damaged a part of bridge in rainy season of 2007,  L.No. C8 
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