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Abstract

Landslides are instant event of mass movement of earth surface down a slope,
causing loss of life and property in hilly region of Nepal. Considering the
recent massive landslide event, development of the landslide hazard map of
Sindhupalchowk district was done using different weighted controlling factors
i.e. slope, relative relief, distance to road & river network, landuse and soil
maps. Landslide zone of low, moderate, high and very high hazards were
derived and found that around 40% are in high hazard prone areas. Prior
identification of hazard area could mitigate future loss events.

Keywords: Landslide, Hazard map, Weighted Multivariate Overlay, GIS,
Sindhupalchowk, Nepal

1. Introduction
Landslides are natural phenomenon, defined as the movement of a mass of rock,
debris or earth down a slope (Cruden, 1993). Globally, it is a disaster causing deaths
and injuries of thousands of lives and destruction of billions of properties (Petley,
2012; Petley et al., 2005). These damages can be reduced by understanding the
mechanism of occurrence, prediction through hazard assessment, hazard zonation and
early warning system (Dai et al., 2002; Sassa and Canuti, 2008). In such case,
preparation of landslide hazard maps can be an initial step towards mitigation and
control. Hazard assessment can help authorities prevent and reduce damage through
proper land use management for infrastructural development and environmental
protection (Tien Bui et al., 2013).

Landslide hazard zonation is division of the land surface into areas and the
ranking of these areas according to degrees of actual or potential hazard from
landslides or other mass movements on slopes (Varnes and IAEG, 1984). Even
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though landslide events are uncertain, with the advancement of Remote Sensing and
GIS techniques, landslide hazard zonation studies have become more advanced and
operative. Also, these techniques have made monitoring, evaluation and management
of natural hazards better in terms of economy of results and cost. Several studies have
been carried in different part of the world to understand landslide mechanism and
process (Althuwaynee et al., 2014; Nampak et al., 2014; Devkota et al., 2013; Tien
Bui et al., 2012; Pradhan and Lee, 2010; Nandi and Shakoor, 2010; Yilmaz, 2009).

Geographically, Nepal is a one of the most vulnerable countries in the world
to landslide. Rugged topography, unstable geological structures, soft and fragile
rocks, along with heavy and concentrated rainfalls during monsoon periods
collectively cause severe land sliding problems and related phenomena in the
mountainous part of Nepal (Dahal, 2012). In recent days, it has been raised by
unmonitored expansion of rural transport networks in hilly regions, leading to terrain
alteration and other negative impacts on environment (Petley et al., 2007). In Nepal, a
large number of human settlements are situated either on old landslide masses or on
landslide-prone areas (Dahal, 2012). Apart from massive landslides in Nepal (Table
1), occurrences of many small-scale landslides in remote areas are seldom accounted
unless they involve the loss of life. Also, the economic losses caused by small-scale
landslides are no less than any other big event of natural disaster (Dahal,
2012).Various case studies have also been carried out in Nepal for different areas for
landslide (Laban, 1979; Upreti and Dhital, 1996; Dhakal et al., 2000; Neaupane and
Achet, 2004; Acharya et al., 2006; Petley et al., 2007; Dahal et al., 2008b; Dahal et
al., 2008a; Poudyal et al., 2010; Ghimire, 2011; Dahal, 2012; Kayastha et al., 2012;
Devkota et al., 2013; Bijukchhen et al., 2013; Kayastha et al., 2013a; Kayastha et al.,
2013b; Regmi et al., 2014a; Regmi et al., 2014b; Dahal, 2015; Kayastha, 2015).
Besides these studies, there are many potential areas with large population density and
infrastructures yet to be studied. Also, findings of these studies are not yet integrated
in any local and national disaster management databases.

Table 1.Major Landslide dammed lakes in the past (Source: Newspaper and Internet)

Year | Place Casualties

1926 | DarbangBajar, Myagdi more than 500 persons died

1967 | Tarebhir, Budhigandaki 9 persons died

1968 | Tarebhir, Budhigandaki 24 houses damaged

1982 | Balefi, Sindhupalchowk 97 persons died and 15 houses destroyed
1987 | Sunkoshi, Sindhupalchowk | 98 persons died

1988 | DarbangBajar, Myagdi 109 persons died and 94 houses damaged
1989 | Tarukhola, Bajhang 16 persons died and 4 houses destroyed

1996 | Larcha, Sindhupalchowk 54 persons died and 18 houses destroyed
2010 | Madikhola, Kaski 5 persons died and 61 families affected

2014 | Mankha, Sindhupalchok 156 person died and 436 people displaced

The purpose of the study is to develop landslide hazard maps of
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Sindhupalchowk, Nepal based on weighted multivariate overlay approach. It could be
used to identify suitable areas for future developmental activities and to undertake
migration measures in critical zones.

2. Area of Study

86°00°E

28190N

20N

aaaaaaa

Fig. 1. Landslide location map of the study area with DEM and river network

The area of study, Sindhupalchowk district lies in Bagmati zone in the central
region of Nepal (Fig. 1). It is 85km away to the north-east of Kathmandu valley and
bordered by Nuwakot, Kathmandu, Kavre, Rasuwa, Dolakha and China. It covers an
area of 2,542 km? and lies between 27°42” to 28’ 11”N latitude and 85° 27" to 86’
06”E longitude. The overall terrain of the study area is hilly ranging from 593-6959
meters with river passing through them. The climate is subtropical, temperate, and
alpine. The temperature range is 28.5° to 4.0° C and rainfall is 3604.3 ml of which
80% fall in monsoon season (Nepal Tourism Board, 2008). Intense precipitation and
dozer excavation for road are the main triggering factor of landslides. The district has
a total population of 287,798 and density 110 persons per km2 (Central Bureau of
Statistics (CBS), 2012).

3. Materials and Methodology

In order to develop landslide hazard map, selection of controlling factors is very
important. The slope of an area, its geomorphological feature, climate and
anthropogenic activities play important roles in triggering the process. The study is
based on data collected freely from data portals and webs. The main input data for the
study are DEM, river and road network, landcover and soil maps.
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Fig. 2.Controlling factor maps: slope, relative relief, distance to road, distance to river,
landcover and soil map (from top left to right bottom)

Digital elevation model (DEM):

DEM of the study area were clipped from freely available ASTER GDEM Worldwide
Elevation data (1.5 arc second resolutions). Various derivatives were derived namely:
slope and relative relief in ArcGIS 9.2. Increase in the slope gradient cause increase in
the shear stress in soil, making it susceptible to failure (Saha et al., 2002). Thus
steeper slope has more chance of slope instability and leading to landslide (Oh and
Lee, 2011; Sharma et al., 2011). Relative relief refers to the difference between the
highest and the lowest altitude in an area which plays a decisive role in the
vulnerability of settlements, transport network and land (Lee et al., 2004). The higher
values indicate rapid rise in altitude and presence of faults, lower relief signifies
mature topography.

Road and Stream network:

Both were clipped form data downloaded from Regional Database System (RDS)
available at http://rds.icimod.org of International Centre for Integrated Mountain
Development (ICIMOD). The distance from road and distance from stream were
derived based on Euclidean distance from these features. The drainage patterns in the
area are an outcome of long time interaction between the geological structures,
topography and slope whereas roads are manmade artificial cuts and fills causing
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instability of the slope (Tien Bui et al., 2011).

Landcover map:

Landcover map was clipped form Landcover data of 2010 available from RDS of
ICIMOD. It is one of the important factors that control the occurrence of landslides
and reflects relationships between land use, disaster risk and vulnerability to disaster
events. It is an indirect indication of stability of hill slopes because it controls the rate
of weathering and erosion of the underlying rock formations.

Soil map:

Soil map was clipped form the digital soil map of the world prepared by FAO. This
digital soil map is available in shape format with geographic coordinate system.
Various soil types are layered according to its maturity and their properties various
bearing capacity of shear stress in soil.

The overall methodology of the project is shown in in fig. 3. Above
mentioned controlling factors have been prepared using standard Remote Sensing and
GIS techniques, and were utilized as parameters for giving weightage and for
generating different landslide hazard classes. All these calculated and extracted
controlling factors were categorized in range from 0 to 10 as shown in table 2 and
converted to a 30m x 30m grid for further processing. The information collected from
previous landslide studies were also incorporated to arrive at a more accurate
weighted score for each factor and their respective classes. These weighted raster
maps were overlaid using multivariate criteria analysis to prepare a landslide hazard
map of Sindhupalchowk district.

Weighted Classes

Relative Relief

ASTER
GDEM

I

RDS, Multivariate Landslide

»{Road Distance Overlay |—»| hazard
— " | ;
ICIMOD Analysis map

River Distance

Landcover map
SOTER,
FAO

Soil map

il

Fig. 3. Methodology of Landslide Hazard Zonation

Table 2. Weight for different class of controlling factors

Controlling factors Class Weight
0-15 2
15-25 4

Slope 25-30 6
30-40 8
40-45 5
45-60 4
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4. Results and Discussion

In this study, combining all the factors, by giving different weightage value for
various classes, the final landslide hazard map was prepared and classified into Low,
Moderate, High and Very High hazard zones. The output map is generated on is
shown in fig.4. It was found that around 0.6% of the area i.e. 16.44 km? is in very
high risk whereas 40.65 % i.e. 1030.5 km? have high hazard to slope failure. These
areas show either high relief or slope near river network or near to road and
agricultural landcover. With influence of short intense rainfall, these areas could lead
to landslide. The derived map was overlaid in Google Earth Pro and comparing with
latest landslide events. One of the massive landslide cases in Sunkoshi River is shown
in fig. 4.

Similarly, rest of the district shows moderate hazard and very few area shows
lower hazard in the study area. As the area is mostly mountainous with terrace
farming, there is always a moderate probability that intense and prolonged rainfall
could lead to slope instability. The lower hazardous zones are mostly flat hilltops or
the flat riversides. Agriculture area shows quite high hazard compared to open rock
outcrops and forest covers. In order to see the effectiveness of the hazard map, a total
of 50 landslides were collected from high resolution imagery of Google Earth Pro.
More than 75% of the landslides fall under high and very high hazard zones.
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Table 3. Landslide hazard zonation statistics

Landslide Hazard Code | Hazard Class | Area (km3 | Percentage
1 Low 153.22 6.05
2 Moderate 1334.63 52.65
3 High 1030.5 40.65
4 Very High 16.44 0.65

18391
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Fig. 4. Landslide Hazard map with Google Earth image of Sunkoshi Landslide event
(ML represents massive landslide event)

6. Conclusion and Recommendation

Landslide is uncertain and instant event causing damage of life and property. The
study shows application of multivariate overlay technique of GIS technology which
used freely available data sources. Different controlling factors such as slope, relative
relief, distance to road and river networks, landuse and soil types were used to derive
the landslide hazard map. The study shows almost half the area is in high hazard of
landslide in case of with or without intense rainfall. Identification and displacement of
settlement in such areas need to be done immediately. And in future, using these
landslides hazard maps in land use planning would be invaluable for the mitigation of
loss as well as management of the environment at local level.
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