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Abstract

Patalganga basin, a mountainous valley is located in Northwestern Himalayan region of
Garhwal, India. An important National Highway No. 58 that is the only connecting route
between this region and rest of the country crosses the valley. Patalganga valley including
National Highway had suffered from a variety of Landslides and other mass movements
during an unprecedented rainfall of July 1970. Since 1970, population and associated
developmental activities in the valley have got increased many folds without any disaster
mitigation and management planning. Susceptibility of the valley slopes to landslide disasters
has aso increased relatively to the developmental activities. Considering the future
probability of the landslide event, evaluation of the potential threat becomes a necessity. To
study the current status as well as the future probability of landslide development and their
consequences, a project was initiated in the year 2002. Landslide Susceptibility Mapping
(LSM) of the Patalganga valley was done to prepare a Landslide Susceptibility Potential Map
to evaluate the potential threat for the slope failures. GIS (Geographic Information System)
was used for the integration of various themes carrying information pertaining to different
factors. Probability analysis was done to check the accuracy of the LSPM method and has
shown good agreement with the method.

1. Introduction

Landslides have amost become aregular featurein at least in 10 hilly states of India. Thereis
hardly any kilometer of the road left without landslides. It is estimated that every square
kilometer in the fragile Himalaya shows up at |east two landslide scars and one more is added
every 6 kilometer square (Bhandari, et al., 1984). Severity of the problem, as measured by the
losses or the damages caused or by the engineering complexity involved, varies widely from
location to location as well as time to time (Rao et al., 1992). Most of the landslide hazard
maps in India referred above were prepared in the scale of 1:50,000. The working scale for
most of the landslide hazard mapping program was not determined according to the
requirements of the users, instead merely as an academic exercise to broadly exhibit the
potentiality of such maps for regiona planning (Sikdar et al., 2002). The maps, created on
scale like 1:50,000 and smaller do not posses all the information required for preparing a
LHZ map, that serve the purpose of guiding development in hilly areas. However, if one uses
more detailed map and a DGPS (Differential global positioning System), accurate mapping is
possible (Lee et al 2004) and in the current case both the detailed map as well as the DGPS
was used.



2. Study Area and its strategic importance

Patalganga valley, the study area, between latitudes 30° 25 & 30° 29' and corresponding
longitudes 79° 28' & 79° 35’ in Northwestern Himalayan region of Garhwal, was once heavily
damaged due to devastating landslides in 1970 (Fig. 1). The heavy rain followed by the
cloudburst at the higher reaches of Patalganga generated a series of landslides along the two
tributaries of Patalganga. A huge pile of debris discharged by the river Patalganga blocked the
main river Alaknanda and built a 20m high dam (Kishor Kumar et al., 2005). With the
breaching of dam whole Belakuchi village that was located at |ess than a kilometer away from
the dam along with many other settlements in the downstream was flushed within afew hours.
The impact of this flashflood was so high that the entire Srinagar city, located about 100 km
downstream along Alaknanda, was heavily inundated and was filled with silt and sand.

3. Methodology

In the present case a base map of
the study area was prepared in
1:12,500 scale and was used for
the preparation of rest of the
thematic maps and landdlide
susceptibility potential map. The
base map was prepared using
stereo pair of IRS —satellite's
Panchromatic (PAN) and
— extensive field survey by a
DGPS. The DEM (Digita
Elevation Model) that is an
excellent source to derive
i [Se— topographic attributes responsible
79°28° 79°35°E for landslide activity was first
generated from satellite data. To
get a better accuracy, 53 GCP's
(Ground Control Points) have
been selected on the DEM for locating them on the ground with the help of DGPS. After
locating the majority of points on the ground those were registered with the DEM and
subsequently the contour map of the area was generated. The DEM was also used to derive the
slope and aspect data layers.
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Fig. 1 Location of the Patalganga valley

Identification and mapping of a suitable set of instability factors bearing a relationship
to slope failures requires a prior knowledge of the main causes of landslides (Guzzeti et a
1999). To evaluate the landslide susceptibility potential for the study area various causative
factors controlling the slope stability or influencing it have been identified and prioritized such
as lithology and structure, geomorphology, stream network, climate, vegetation, landuse land
cover, existing landslides, slope angle and slope aspect. These factors have been identified
based on the knowledge of the past events and present conditions prevailing in the area in
anticipation of future behavior of slope stability. For each of the identified factors analytical
maps were prepared using LISS 11 (Linear Imaging Self-scanning Sensor and Panchromatic
(PAN) merged data, base map, extensive field mapping and other available information. All
the maps have been generated in digital platform in Arc-GIS 9.0 software. Each causative
factor and their classes have been assigned appropriate rating or weightage both in terms of
alphabets (qualitative) and numerals (Quantitative) as per their role in inducing slope



instability (Kishor Kumar, 1996). The final grading is provided on the basis of the sum of the
total estimated significance of each of the factors. Each of the factor maps were crossed
according to the priority assigned which has resulted into a combined map i.e. Landslide
Susceptibility Potential Map (L SPM) to evaluate the actual hazard situation in the area.

4. Preparation of thematic data layers

A number of thematic data layers corresponding to the identified causative factors namely
lithology and structure, geomorphology, stream network, landuse land cover, slope angle and
aspect have been prepared. These causative factors have both individual and collective
influence on slope instability and are considered responsible for the occurrence of landslides
in the area. Data pertaining to intrinsic (lithology, geomorphology, slope attributes, slope
aspect) aswell as extrinsic factors (landuse landcover) have been collected from the available
resources as well as from the field. Data regarding rainfall and earthquake that are triggering
extrinsic factors could not be taken into consideration because of the unavailability of past
data in relation to landdide occurrence. A thematic layer corresponding to landslide
distribution has also been prepared to establish correlation of existing landslides and the
causative factors, which will be helpful for preparation and evaluation of the landslide
susceptibility potential map of the area.

4.1. Geomorphological Map of Patalganga basin

Geomorphology is the out shaping of the landmass as an expression of the dynamic
evolutionary processes. Broadly speaking the Patalganga basin has a few prominent
landforms such as hills of high, medium and low relief, dissected by a number of streams; a
snow covered zone in the eastern side around Kunwarikhal; thick Quaternary deposits lying
all along the drainage courses also in the form of numerous conical talus structures; alluvial
terraces aongside the rivers mostly around low altitudinal areas, deep stream channels, and
significant precipitous hill slopes largely covered by dense to moderate forests of Alpine
Texas. As discussed in previous sections geomorphology is classified into 6 classes that are
hills of high, medium and low, relief dissected by a number of streams; a snow covered zone,
thick Quaternary deposits lying all along the drainage courses. The area of morphological
classes varies from 0.04 sg km of River terrace to maximum 22.2 sq km of highly dissected
hills and the area of landslides ranges from 0.017 sq km against low dissected hillsto 1.72054
in the class of Highly dissected hill followed by 0.539035 in Intermountain valley fill,
0.200725 in River bed, 0.159209 in Moderately dissected hill, 0.080589 in Snow fed zone
and 0.026129 in River bed. Number of landslides against the morphological classes is as
HDH- 175, Intermontain valey fill- 140, LDH-8, MDH-51, River bed-44; River terrace-
7and Snow fed zone-2.

4.2. Drainage map

Since many of the mass wasting processes begin and continues with the help of either ground
water or surface water, it becomes important to generate and analyze the stream network and
its parameters so as to understand their role in landslide occurrences in the valey. Many of
the landslides in the area occur due to drainages. Therefore a drainage map of the area was
prepared by digitizing Survey of India (SOI) topographic map in a vector layer. Another
drainage map was extracted from high-resolution remote sensing IRS-1C LISS-III + PAN
MERGED data. Both the maps were compared to obtain the current stream network details.
First order streams, on which the whole ordering system linked is required to be correctly
defined. The ordering has been performed on the basis of strahler’s classification scheme
(Strahler, 1964). A significant increase in number of first order streams has been detected



from the recent satellite data. On the toposheet (of 1965) only 137 number of first order
streams have been shown while the number detected from satellite data was 473. This
increase could be because of two reasons: first, not al the first order streams had been
marked on the topographic map and secondly there was some addition of the first order
streams from 1965 to 2002. Drainages up to 5th order have been observed in the study area.
35m buffer zones on either side of the drainages for all the drainage orders were created using
the buffer wizard under the utility tools of Arc- GIS 9.0. When landslide distribution data
layer was superimposed over the drainage buffers, it was observed that mgjority of landslide
occurred in the 1st, 2nd and 3rd order drainages. The buffer was created to understand the
role of drainages in relation to landslide development, however, not used as a factor in
preparation of LSPM.

4.3. Geological Map

Lithology defines the types of rock, their attitudes, their total exposure and overal existing
conditions such as weathering erosion and landsliding. Seven types of rock were identified
from in the area viz Gulabkoti quartzite, Dolostone, Metabasics, Carbonaceous shales,
Quartzite, Magnesite and Central Crystallines (Fig 2.). Each of the rock are assigned
weightage depending on their type, structure, weathering, erosion and other characteristics:
The grading has been assigned in
such a way that, strong rock, less
susceptible to landslide, comes = e +
first followed by moderate, weak = ; e

and weakest. Gulabkoti quartzite :
was found comparatively more
fractured than other type of
guartzites available in the area.
Since fracturing is  more,
weathering and erosion are also
proportionately developed. Out of
13.24 km® area of Gulabkoti
quartzite, 1.04 km? is covered by
212 landslides (including small
sumps and  dlips).  Some | LN coa e
landslides are large up to 0.3 km® | = Semura Anteine
while a number of others are _ _
small (0.001 ka) to very small Fig. 2. Geological map of the area

(0.0002 km?. Next to the

Gulabkoti quartzite, Dolostone formation has 4.14 km? area out of which 0.39 km? is covered
by 94 landslides. Metabasics formation with 2.12 km? area has 70 landslides covering 0.39
km? area. Carbonaceous shales with 0.83 km? area have 54 landslides covering 0.39 km® area.
Quartzite, out of total 3.14 km? area, 0.25 km? is of 29 landslides. If we compare the area vs.
landslides the average size of the landslides developed in central crystalline is the largest
followed in decreasing order by quartzite, carbonaceous shale, metabasics, Gulabkoti
quartzite, Dolostone and Magnesite.
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4.4. Lineaments



The lesser Himalayan sequence is folded into a large domal anticline known as Pipalkoti
anticline, with a most conspicuous vertical joints/ fracture cleavage (some times having steep
dips in north or south) developed on the northern limb approaching the MCT zone or MCT
sole thrust (Sati., 1988). These steep dipping joints aso appear on the air photos and satellite
images as significant linear structures. Gulabkoti thrust is another major plane of dislocation
in the area which broadly separates the underlying dominantly carbonate sequence from the
overlying largely arenaceous facies. Two right lateral strike-slip faults namely the Patalganga
fault, which follows the drainage course towards the basin mouth and Nauligwar fault, off
setting obliquely to the Patalganga fault near the confluence of Patalganga (Semkura Nadi)
and Neo-Ganeshgarey has been mapped. After identifying and mapping these linear
structures in the field, the map has been digitized in a vector layer. 250m buffer zones on
either side of the fault/thrust have been created. Landslide distribution data layer was
superimpose over the buffer zones, it was observed that mgjority of landslide occurred with
in the distance of 250m from the fault/thrust zone

4.5. Landslide Inventory Map

A total of 382 landslides of V\arying dimensions (200 m? to 390,000 m?) have been identified

from remote sensing images and field surveys. A mgority of landslides mapped are small

having an areal extent ranging from 100 m? to —2800nt and are observed mostly in rocky

slopes (rock slides and rockfall) while a number of other landslides having comparatively
larger extent (100,000 m? to 390,000
m?) have been observed in overburden
slopes. Landslides thus identified have
been digitized as polygons. This layer
has been converted to a rasterized
landslide distribution map (Fig. 3) for
further analys.

4.6. Landuse landcover Map

Most of the land in the valley is used
for the cultivation of seasonal crops,
fruit bearing plants and forest. The
categories of landuse selected for the
current case are therefore mainly based
on type of vegetation and agricultural
or grassland. Five classes of landuse
have been selected as
agriculture/grassland, alnus and pine, Barren/rocky land, Deodar/mixed forest and
Rhododendron forests. Area of the each class is 14.46 sq km, 4.06 sq km, 4.63 sq km, and
6.37 sq km and 19.23 sq km respectively. Against each class there are a number of landslides
viz 95,23,82,15 and 59 respectively and area of landslides under each class as 0.47 sq km,
0.28 sq km, 0.29 sq km, 0.07 sg km and 0.39 sq km respectively. However these numbers of
landslides are misleading because they do not take into account the extent of each unit's
exposure e.g. Agriculture and grassland spread over 14.46 km?® area where as barren slope
covers only 4.63 km* When the landslides that occurred in the agricultural and grassiand
areas are divided by the area of exposure, the number of landslides per unit areais 6.5. This
number is a better indicator of the susceptibility of a type of landuse, agricultural and
grassland (7), Alnus and Pine (6), Barren/rocky land (20), Deodar/mixed forest (2) and
Rhododendron forests (3).



