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Introduction

Human Society and Natural environment is getting increasingly Vulnerable to
natural Hazards and Disaster. In the last two decades, over 3 million people have
been killed due to natural disasters in the world.

There have been three times increase in losses in the past ten years compared to
1960’s. Consequently, great increase in economic and human losses

Himalayan belt has been so seismo-tectonically active, that there are frequent
natural disasters and have become a part of everyday life, continually testing the
resiliency of a resilient people.

"Nevertheless, we should be proud of the science-based progress that has recently
been made in dealing with the inevitable risks that Himalayan region
eXPErienCes................... (Choudhury, 1999).
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Why [ have selectec Dharamshala
ror Study?

e The Mountainous Urban area of Dharamshala is highly
susceptible to the natural hazards like landslides etc.

 Every year a large amount of property loss is sustained in the
form of road damage, water supply disruptions, telephone
transmission lines ,electric lines, forest, settlement areas and
agricultural lands, recreational spots, commercial building.
Sometimes such losses go undocumented.

e The massive landslides of 1967, 1976, 1978,
1997,1998,1999,2008,2010,etc have resulted in huge amount
of property and catastrophic losses.



The entire study area is under threat of landslide hazards.

The incidences of slope failures are more in the areas of high slopes.

The hydrological factors like infiltration, drainage density, and
distance from stream, water movement etc directly influences
landslide occurrences.

The population, built up area, urban sewerage etc have increased
considerably over the last few decades, which further aggravates the
situation.

The region is lacking from proper landslide hazard inventory and
needs to be generated for effective disaster mitigation measures.



Research Questions?

* The main Research Questions of the study mcludes--

) What are the reasons of trlggerlng Iandslldes in the study

©area? 0 _ _ _

o What'are the lithological, hydrological, morphological and
tectonic conditions: in which Iandslldes are more I|ker to
happen i in the study area7‘

D Which are 't.he areas su'sceptiblle to 'I.andslid'e? '

EIApart from these ‘there area some subject specific
questlons | | |




OBJECTIVES OF THE STUDY

Geomorphological, Geological and Geo-Structural study of
mountainous urban area of Dharamshala.

To understand and identify the major factor of landslide
occurrences in Dharamsala.

To identify and evaluate the expansion of built up land in the
area.

To identify and zonalise the study area into different landslide
susceptibility zones and to estimate their hazard potential.

To generate the Settlement Density and urban expansion
Inventory.




Do You Know this Place? This is
Dharamshala,Himachal Pradesh

Dharamsala and Adjoining Region
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Data Used:-

LISS IV,CARTOSAT1,ASTER,
Resolution Merged Image,
Geological
Map(GSl),Topographical
Sheet(SOl), Soil Map(WIHG).

Software Used:-

ERDAS Imagine(9.3 version);
Arc GIS(9.3 version); Arc Info;
PCl Geometica.



Methodological Framework
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Resulis and Analysis
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Slope and Elevation

DIGITAL ELEVATION MODEL
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Expansion of Urban Area
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SETTLEMENT AREA EXPANSION MAP
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Major Landslide Triggering Factors

OCCURANCE OF LANDSLIDES IN DIFFERENT SLOPE CATEGORIES ° S I o) pe
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Influence of Slope and Aspect on landslide
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Triggering Factors(Contd...)
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Pamvwse Coparison Matrix

Pairwise Comparison Matrix
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Precipitation-Landslide Relation
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Pairwise Comparison MMatrix

100 mts 200 mts 300mts 400mts 500 mts Eigen Vector
100 mts 1 3 5 7 9 0512813
200 mts 0.3333 1 3 5 7 0261499
300 mts 0.2 0.3333 1 3 5 0.128976
400 mts 0.1428 02 0.3333 1 3 0.063376
500 mts 0.1111 0142857 02 0.3333 1 0.033352

Daximum Eigen Value= 5.23748; C.1.= 0.0593688; C.R.= 0.053

Stream Density

Pairwise Comparison Watrix

C 1= 0.0324438; C. R.= 0.055937



Soil texture-Landslide Relation
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LINEAMENT DENSITY-LANDSLIDE
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Validation of Landslide Susceptibility(2009) (ster witc

ACTIVE LANDSLIDE ZONES IN DHARAMSALA '
w E

g

A
- e : f‘h‘
G = —
ujiara g = ﬁq arm kot
AME i.l..-‘"""J
Bhatalla 1 )

Diara —= :
i Tira_lines \) /

TCP_Locality A G fr’ :

L_hl' %
Chachrot ./ L L

A Settlement
Roail

Metalled Road
Active landslide zones

1 0 1 2 Kilometers

Scale 1: 15,000



Validation of Landslide Susceptibility

ACTIVE LANDSLIDE ZONES
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The landslide susceptibility analysis
result was validated using known
landslide locations. Validation was
performed by comparing the known
landslide location data with the
landslide susceptibility map.

The Landslide zone occupies 2.6
Sq.Km of the area under
investigation and the ground
truthing has proved 82.16% of the
assumptions to be true.



SETTLEMENT DENSITY MAP

Settlement Density

Dense  Medium Sparse No Population Figen Value
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LANDSLIDE HAZARD VULNERABILITY MAP
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Conclusions and
Recommendations

1) The landslide susceptibility shows that a good section of settlement
area is under landslide threat. Landslides may be controlle d by one or any
combination of four principle measures: modification of sl ope geometry,

drainage, retaining structures and internal slope reinfor cement.

2) Study enabled to generate a landslide risk map that provid es
information concerning the selection of the proper locatio n for the
construction of infrastructure vital during a crises situa tion



Contd....

3) Additionally, the risk map can be used, from the public pro tection services, for
the definition of the proper concentration points’ distrib ution in order to cover
correctly the high risk sections.

» Recommendations (General)

»Recommendations(Area Specific)

1. Special attention needs to be drawn in laying down a proper sewerage disposal system
in the Mc Leod Gunj, Army Cantt. Area, Tibetian Library complex, Dharalas
Township includinc Mant Panchayz.

2. Adegquate and well planned drainage system is a requirement as well as a long term
measure. It should consist of each hill side catch water drains and cubderig and
across the contour lines.

3. Local residents need to channelize their daily water disposal in a proper way so

that it should not seep into the body of slide zone or base slopes.

4. Special care needs to be undertaken to stop construction on the NE face of Mc

Leod Gunj, and in the areas of Librarian Complex area.

5. All natural drains needs to be cleared before every monsoon, because chocking

of drains creates pools/ponds increasing infiltration.



Future Scope of Work

The landslide risk map generated needs to be integrated thathdifferent
landuse landcover classes and the vulnerability analyssisito be performed
by integrating the socio-economic data. Special attemmeds to be drawn to
the areas of high landslide susceptible areas and evewnjtacttarting from
residential to commercial, academic to institutional \attes needs to done
accordingl. Efforts shoulc be undertake to reduct the loac of settlemer in
the zones of high and very high landslide susceptibilityfoAdstation and
programme to protect the existing vegetation cover on theslopes needs to
be undertaken in order to resist high rate of erosion and pigipensity of
sliding.

On the other hand, speaking in terms of research methodology, more reaeh is
needed on the optimal ways for generating landslide inventories, in pdcular to
design different inventory systems based either on local reports or operiodical
surveys. The result can be validated using other techniques and DSS.
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