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ABSTRACT

Road transportation is the most common victim
of landslide in the world. The present study
investigates the landslide hazard zonation along
the MH SH-73 at Kelghar ghat between Medha
and Mahabaleshwar hill station of Maharashtra.
Remote Sensing and GIS were used for the
landslide hazard zonation of this section. The
ghat section was buffered 100 m on both sides
to define the extent of study area based on the
field investigation. The study incorporated
predefined important landslide causative factors,
viz. slope, rainfall, relief, lithology, soil depth,
soil erosion, soil texture, land use / land cover,
drainage distance, drainage density, lineament
distance, lineament density, aspect, temperature,
landslide inventory and in this approach fifteen
thematic layers were prepared in GIS platform.
The weight and score were assigned to each
thematic layer based on heuristic approach on
their relative importance in causing landslide.
Multi-criteria model in ArcGIS 10.5 software
were used for the mapping landslide hazard
zones and it were classified into six zones: very
high (1.3 %), high (1.7 %), moderate (3.4 %),
low (7.6 %) very low (8.4 %) and no risk zone
(77.7 %). The final result of this research can
help for proper mitigation and adaptation
measures  for  engineers, planners and
administrators for this ghat section.

Keywords: GIS, Landslide Hazard Zonation,
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INTRODUCTION

Landslide is a most common natural
hazard which damage lives and property .
Unstable ground slope due to the natural
movements and anthropogenic activities are
major reason of landslides. Road

construction along the mountain region is
frequently increases the occurrence of
landslides "8 Every vyear frequent
closure of the road and several people have
lost their lives in the ghat section due to the
landslides. Landslide on the road occurs
mainly due to the anthropogenic activities.
The construction of road in unscientific
manner, poor engineering design, disturbing
slope stability, widening of road, changes in
natural drainage network, disturbing old
landslides, instability due to the machine
vibrations, cutting of trees etc. are major
reasons of landslide 8. The demarcation
of landslide hazard zonation along the road
network will be helpful for the prevention
and mitigation of any region. Landslide
hazard zonation map shows probable areas
of landslide occurrence and it is useful for
better management and mitigation of area.
The study of landslide is a most important
task for scientists, engineer, planners and
administrations, they spent their several
time in the research of landslide potential
area ® % Vvarious qualitative and
quantitative methods and techniques have
been used for the landslide hazard and
susceptibility zonation mapping based on
the requirement of the researcher and study
area.

Remote Sensing and GIS have
widely used for the demarcation of landslide
hazard zones and mapping of probability of
occurrence . Therefore, may researcher
have been use the Remote Sensing and GIS
techniques for the landslide hazard studies
along the road network. Gawali P. B. et al.
¥ jdentified landslide susceptible villages
around Kalsubai Region, Western Ghats of
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Maharashtra using the heuristic technique
based on weighted score method.
Laltlankima et al. ™! investigates the
landslide hazard zones along the highway
between Aizawl city and Lengpui airport of
Mizoram, India  using Geospatial
techniques. The road was buffered 50m on
both side to delineate the study area. Five
thematic layers viz., slope morphometry,
geological structures like faults and
lineaments, lithology, geomorphology and
land use / land cover used for identified the
landslide zonation. Nepal N. et al. X
analysed landslide susceptibility assessment
along the Araniko highway of Nepal
Himalaya, using the relationship between
the landslide causative factor and
presence/absence of landslide using linear
discriminant analysis. Anbazhagan S. et al.
[ carried out landslide hazard zonation
mapping in ghat road section of Kolli Hills,
India using a landslide hazard evaluation
factor (LHEF) rating scheme. They
calculated LHEF rating scheme and the total
estimated hazard (TEHD) as per the Bureau
of Indian Standard (BIS) guidelines (IS:
14496 (Part-2) 1998). Ramesh et al.
examined the landslide hazard zonation
mapping and cut slope stability analyses
along Yercaud ghat road (Kuppanur -
Yercaud) section, Tamil Nadu, India, in this
research they prepare macro LHZ map using
the landslide hazard evaluation factor
(LHEF) rating scheme proposed by Bureau
of Indian Standard IS 14496 (Part-2) 1998.
Chingkhei R. K. et al. ? prepare landslide
hazard zonation in NH-1A in Kashmir,
Himalaya, India, using GIS and remote
sensing data. Khamkar D. J. et al. [
investigate the mass movement in Varandha
Region, Western Ghat of Maharashtra using
Geospatial technique. They investigate the
mass movement for prepare the map of
highly vulnerable locations, in this area and
the remedial measures are suggested to
minimize the severity of landslide in
Varandha Ghat section.

The present study focuses on the
assessment of the landslide hazard zonation
along 11 km long stretch of Kelghar ghat

section of MH SH-73, in between
Mahabaleshwar and Medha. This highway
connects to the most popular tourist place of
Mahabaleshwar. This is a first scientific
study adopted for this ghat section. Fifteen
thematic layers were prepared based on the
data collected from different sources (Table-
1) for Landslide Hazard Zonation (LHZ) in
the GIS environment. In the present context,
detailed investigations of the landslide using
geospatial technology were carried out to
prepare the LHZ map of the study area will
be helpful for the mitigation and remedial
measures of landslide along this vibrant
state highway.

STUDY AREA

The study area is located on the
border of Jaoli and Mahableswar tehsil
along with MH SH-73 on the western part
of Satara district, Maharashtra. The 11 km
ghat section called as Kelghar ghat and it is
connected to important tourist place
Mahabaleshwar from Satara and Western
Maharashtra. This specific ghat section
starts at the coordinates of 17°53'29.49"N &
73°42'45"E and ends at 17°51'18.88"N &
73°45'59.33"E . Location map of the study
area is shown in Fig. 1. The elevation ranges
from 746 m at Kelghar and the maximum is
1375 m at Machutar above mean sea level
(msl). The general elevation is increased
toward the Mahabaleshwar. Geologically,
this region is part of the Mahabaleshwar -
Poladpur formation and the area shows thick
flows of the Deccan Trap basalt of Upper
Cretaceous to Eocene age *°.. Therefore, the
road transportation in this area are highly
vulnerable to landslide disaster every year.
The climate of this area is agreeable. The
average annual rainfall is 5000 mm and
highest on the top of the study area. About
87% rainfall occurs during the southwest
monsoon season. The maximum and
minimum temperature is 26 °C and 16.2 °C
respectively 9. Study area is the part of the
Western Ghat (Sahyadri), which as
biodiversity hotspot of the country. May
rare, endangered flora and fauna are found
in this area.
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MATERIALS AND METHODS

In this present study, the research
work is divided into three part, Pre-field
work, field work, and post field work. The
flowchart of the methodology is shown in
Fig. 2.

Pre-field work is carried out the
review of previous literature and collection
of data from different sources. Fifteen
landslide triggering and causative factors
selected for this study based on the review
of previous literature. Like slope, rainfall,
relief, lithology, soil depth, soil erosion, soil
texture, land use / land cover, drainage
distance, drainage density, lineament
distance, lineament density, aspect and
temperature were collected from various
sources (Table 1).

Field work were carried out for
define the extent of the study area, data
validation and collection of location of past
landslide. The ghat section was buffered

100 m on both side to define the extent
study area based on the field investigation.
The past landslide inventory is the most
important factor for identify the most
vulnerable zone in the study area. The data
of past landslide was collected using the
evidences of past landslide, press coverage
and local information. The past landslide
locations were demarcated with help of GPS
(Garmin GPS Map 78) and geotag
photograph.  Landslide inventory was
plotted as a line feature along the ghat road
section digitized from Google earth and
satellite image. In the last 5 years, there are
about 5 times (16 July 2017, 17 June 2018,
18 June 2020, 17 June 2021, 22 July 2021)
landslide events were occurred at Kala
Khadak near Varoshi village.

Post field work carried out for
preparation of thematic map and LHZ map.
Fifteen thematic layers were prepare in GIS
platform using ArcGIS 10.5 and ERDAS
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IMAGINE  software.  The  heuristic
techniques based on the local information
and prior knowledge of past landslide are
used for the assign the scale and weight
(Table 2) for individual parameter * *?. The
highest weight assigned to landslide
inventory (20), slope (16), relief (12),
lithology (12) and rainfall (08) based on

the landslide frequency. Final landslide
hazard zonation (LHZ) map of the study
area prepared by using the weight base
multi-criteria overlay method in GIS
domain using ArcGIS 10.5 software. Based
on the score, the entire study area were
divided in six zones (Fig. 2) like Very high,
High, Medium, Low, Very low and No risk

[12]

their importance and triggering intensity in .

Methodology
v

PRE-FIELD WORK
1. Review of Literature

2. Data Collection : Multispectral satellite image: Sentinel-2 , Cartosat-I Satellite data,
Lithology and Lineaments, Rainfall data, Temperature data, GPS Data, Socio-Economic
Data

v

FIELD WORK

Collection of location of past landslide using GPS (Garmin GPS Map 78) and geotag
photographs

’

POST FIELD WORK
Generation of thematic Map : Land use / Land cover, Slope and Aspect Map, Soil depth
and texture, Lithology, Lineament Density and distance, Rainfall, Temperature, Village
location, Road network and road distance map

> |
Assign scale and weight for individual > Multicriteria Analysis (Combine
parameters all thematic maps)
|
pm—
Reclassify the susceptibility map into six classes : Field check and
(Very hugh, High, Moderate, Low, Very low, No risk) Validation of data
|
v

Final Landslide Susceptibility map | Result & Discussion

Fig. 2

Table 1: Data sources and specific use

Sr.No. | Data Types Source Data/Layer Extracted
1 Multispectral satellite image: | Sentinel Data Open Access Hub | Land use/ Land cover
Sentinel-2 (https://scihub.copernicus.eu/)
Spatial resolution - 10 M
2 DEM Satellite data: Cartosat- | Bhuvan Slope and Aspect Map
| Spatial resolution- 2.5 M (https://bhuvan-app3.nrsc.gov.in/data/download/index.php)
3 Soil Data European Soil Data Center (https://esdac.jrc.ec.europa.eu/) Soil depth and texture map
Scale -1: 500000
4 Lithology and Lineaments Bhukosh website Lithology map, Lineament
Scale - 1:50000 (http://bhukosh.gsi.gov.in/Bhukosh/MapViewer.aspx) Density and distance
5 Rainfall data IMD and Maharashtra agriculture websites Rainfall data
(http://mahaagri.gov.in/)
6 Temperature data India Meteorological Department of Pune | Temperature data
(https://imd.gov.in/)
7 GPS Data Field work Ground truthing and location
of past inventory
8 Road Network Google Earth Image & Field work Road network and road
distance map
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Table 2: Allotted weightage to parameter

Parameter Weightage (%) Parameter Weightage (%)
1. Landslide Inventory 20 9. Drainage density 4

2. Slope 16 10. Soil texture 4

3. Relief 12 11. Lineament distance | 3

4. Lithology 12 12. Lineament density | 3

5. Rainfall 8 13. Soil erosion 3

6. Land use / Land cover | 5 14. Aspect 2

7. Soil depth 4 15. Temperature 2

8. Drainage distance 4 Total 100

RESULTS AND DISCUSSION

The highway is lifeline of the
development of any area. Rainfall is most
triggering factor of landslide in Western
ghat and every year frequent occurrence of
landslide in the ghat section causes loss of
lives and property. Study of the landslide
probable zone can reduced the loss of lives
and property along road network. The study
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causative factors, viz. slope, rainfall, relief,
lithology, soil depth, soil erosion, soil
texture, land use / land cover, drainage
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temperature, and landslide inventory (Table
1) and in this approach fifteen thematic
layers were prepared using GIS platform.
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In this study, based on assign weight
and score for individual parameter the
landslide hazard zonation map was prepared
in ArcGIS 10.5 and Kelghar ghat has been
categorized into six classes: Very high,

I
73°46'0"E

High, Medium, Low, Very low and No risk,
Final landslide hazard zonation map is
shown in Fig. 3. Very high and high hazard
zones indicating the area is relative
unstable, whereas the moderate, low and
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very low hazard zones indicating moderate
to low instability of the area. No risk zones
indicating stable area without any
vulnerability and it are safe for human
activity. The landslide hazard zonation map
shows very high risk zone is about 1.3
percent (0.1 Sg. Km.) of the total area,
which depicts steep slopes more than 35°,
where higher weathering, slope cut for road
construction and limited forest cover. Most
of the time past landslides are observed in
this zone. There required immediate action
plan for management and mitigation of this
zone. High hazard zone is also vulnerable to
landslide activity, 1.7 percent (0.2 Sg. Km.)
area of this study region are under this zone.
Slope above 25°, high weathering, fractured
and displaced in the rock were most
triggering factors in this zone. Moderate
zone is generally more stable as compared
to the above two zone. This zone covered
3.4 percent (0.3 Sg. Km.) area of ghat
section. Very limited past landslide
incidence were observed in this zone. Most
of the hotel and human settlement were
situated in this zone. It is recommended that
avoid landslide triggering activity in this
zone to maintain its present status. Low and
very low hazard zone is located on the left
side of ghat section. It occupied 7.6 percent
(0.7 Sg. Km.) and 8.4 percent (0.8 Sq. Km.)
of the study area (Fig. 1), respectively. The
slope angel more than 25° is most crucial
factor in these zones. It is relatively stable
and safe for human activity, like hotels and
settlement. 77.7 percent (7.2 Sg. Km) area
under the no risk zone. No any past
landslide inventory were observed in this
area and this is stable and safe for human
activity.

CONCLUSION

Landslide is more  frequent
phenomena were observed along the road
networks of the Western Ghat, during rainy
season. The construction of road in the
mountain area in unscientific manner, poor
engineering  design, disturbing  slope
stability, widening of road, changes in
natural drainage network, disturbing old

landslides, instability due to the machine
vibrations, cutting of trees etc. are just some
of these reasons. Kelghar ghat faces
frequent landslides every year during
monsoon and its causes road jam, loss of
property, damage of road constructions but
no major incidence were observed in this
section. Fifteen thematic layers were
prepared based on the data collected from
different sources for Landslide Hazard
Zonation (LHZ) in the GIS environment.
Heuristic techniques based on the local
information and prior knowledge of past
landslide use for preparation LHZ map.
LHZ mapping of this study area using
fifteen thematic layers was done using
heuristic techniques based on the local
information and prior knowledge of past
landslide. Finally, LHZ map was divided
into six zones i.e Very high, High, Medium,
Low, Very low and No risk and it is
covering with 1.3 %, 1.7 %, 3.4 %, 7.6 %,
8.4 % and 77.7 %, part of the study area
respectively. Very high and high vulnerable
areas were found near Varoshi Village,
where slope is above 25°. Barren land and
slope cutting for road construction in the
ghat section were more vulnerable and large
numbers of landslide were observed in this
area. No any landslides were observed in the
dense forest area during field visit.

This study is conducted first time in
this ghat section. There are urgent need for
mitigation measure like slope stability,
plantation and reforestation, drainage
correction, CCT over the high elevated
area, removal of loose boulders,
geosynthetic net, warning flex and board
etc. The demarcated landslide vulnerability
zone of this ghat section will be more
helpful to engineers, planners and
administrator for the construction activities,
mitigation and remedies for reduce the loss
of lives and property.
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