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ABSTRACT 

Impact of landslides has become more acute in recent years. High slope and 

relief, immature geology, neo-tectonic activity, heavy rainfall, and unplanned and 

inappropriate land use are all factors that contribute to landslides. Mizoram has the 

third highest forest cover in India, with 90.68 % covered by forests. The state has the 

highest percentage of bamboo production in the country. The most common 

vegetation forms are tropical semi-evergreen, tropical moist deciduous and 

subtropical broadleaved forests. Mapping disaster-prone areas and locations is also a 

prerequisite for building a concise database. Accurate maps can now be developed 

using remote sensing and Geographic Information System (GIS) techniques. The 

information gathered provides an overview of potential threats, vulnerabilities, and 

risks. Satellite data shows that forests cover 91 % of the state's geographical area. 

Geologically, the area represents a monotonous sequence of argillaceous and 

arenaceous rocks. The study area lies within seismic zone 'V' in the seismic hazard 

map of India. Population of Serchhip town is 21158, out of which 10777 are male 

and 10381 are female. The literacy percentage within the town is 98.30%. There are 

25 Primary Schools, 21 Middle Schools, 9 High Schools and 1 Higher Secondary 

School. 

The aim of the study is to demarcate the susceptible landslide areas in and 

around Serchhip town. The outcome of the current study will act as a risk assessment 

tool and play a major role in the mitigation of the risk of landslides in the area. Study 

uses Remote Sensing and GIS (Geographic Information System) techniques to 

prepare different thematic information that is ultimately represented in the form of 

maps. Analysis of physical, social and economic data was conducted for risk 

assessment. Maps are then used to generate susceptibility models of the study area 

and categorized into various zones to map the susceptibility zones. The study 

concludes with a recommendation for the development of a landslide response plan 

for the area. The work involves preparation of pre-field maps, field-based studies, 

post-field studies, data integration and modelling in GIS for generation of landslide 

susceptibility map. The key purpose of incorporating multiple information sources is 

to obtain more reasonable outcomes in the evaluation of many environmental issues. 



The study area's satellite imagery is geo-referenced with respect to SOI toposheets, 

and base maps are prepared for different themes.  

The majority of the landslides that were recorded and validated in the field 

were shallow translational debris/rock slides with a slip plane depth of less than 5 

metres.55 landslide location were identified which includes both recent landslides 

and past landslide locations. During the monsoon months, the number of slope 

failures caused by rainfall combined with the inherent causative factors is extremely 

high. Every section of the study area was viewed on Google Earth and Quickbird 

Satellite imagery. Most of the landslides observed in the area and discussed here are 

slides and flows. The geo-environmental factors like slope morphometry, land 

use/land cover, geomorphology, lithology and geological structure are found to play 

a role in the occurrence of landslides in the region. Geo-environmental factors like 

slope morphometry, land use/land cover, geomorphology, lithology and geological 

structure are found to be playing significant roles in causing landslides in the study 

area. Satellite data acquired from MIRSAC was first interpreted using ERDAS 

Imagine software and georeferenced to correct any shifts in the digital image. All the 

thematic layers was integrated and analysed in a GIS environment to derive a 

Landslide susceptibility map. The vector layer of lithological map was converted to 

raster layer for compatibility to other rasters in accordance to the requirement of the 

weighted overlay tool provided in the ArcGIS software.  

In this study, we use the Analytic Hierarchy Process (AHP), a simple 

knowledge-based method for a location with a limited number of landslides. 

To verify the performance of Landslide susceptibility model, we used the 

receiver operating characteristic (ROC) curve and the area under the curve (AUC). 

After applying the AHP generated weights in the data layers, the resulting map was 

reclassified into four meaningful levels: low, medium, high and very high 

susceptibility zones. After plotting our AHP result under the AUC-ROC curve we 

have obtained a result of 0.815 which means that we have prediction percentage of 

81.5%. This means that the Landslide Susceptibility zonation maps have a high 

probability of accurate prediction of various susceptible zones within Serchhip town. 



The landslide risk assessment is based on both technical aspects of disaster 

susceptibility, such as location, magnitude, and likelihood, as well as an examination 

of the social and economic dimensions of vulnerability. 

Landslide-prone areas are widely scattered across Serchhip town. Location of 

settlement area in relation to susceptible zones is taken into account for risk analysis. 

Town's village councils are divided into three danger zones: high, moderate, and low. 

The dangers of a landslide disaster include the loss of human life and the partial or 

total destruction of homes. In the risk based on landslide hazard and vulnerabilities, 

Village Council 2 comes under high risk zone while Chhiahtlang VC, Village 

Council 3 and Village Council 1 come under Moderate risk zone. Landslide 

Susceptibility Zonation map is classified into Very high, High, Moderate and Low 

Susceptibility zone. The map includes areas where the probability of sliding debris is 

at a high risk due to weathered rock and soil debris covering steep slopes which 

when disturbed are prone to landslides. High hazard zone comprises areas where 

slope aspect and dip direction of the rocks, which are usually very steep, (about 40 

degrees or more) are parallel to each other. This zone occupies the second largest 

area i.e. 8.172 Sq.km which makes up 35.13% of the total area. Low Susceptibility 

Zone extends over an area of 3.137Sq.km and forms 13.50% of the total city area. 

Concentration of landslides, mostly along the NH-54 road bench, indicates that 

natural slopes have been disturbed without any protective measures in place. 

Engineering can reduce the risk of a landslide by using engineering techniques to 

make the slope more stable. The region around VC 3 part of the town ship can be 

explored for its availability of expansion. For stabilization of any prominent and 

specific civil engineering construction and / or landslide, a detailed geotechnical 

evaluation of site-specific conditions is necessary. Societies should be educated 

regarding causes of landslides, and precarious ground conditions prevailing in the 

area, so as to play a vital role in mitigating the landslide hazards. 



 
 

 

 

 

 

 

 

 

 

 

 

CHAPTER 1- INTRODUCTION 
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1.1 Introduction 

Landslides are common in Mizoram due to its hilly terrain. A number of 

landslides are registered each year in various locations. Natural disasters such as 

landslides have posed a major problem in both developed and developing countries 

(Zorn, 2018). Natural disasters, including landslides, are not considered catastrophes 

until they inflict widespread devastation in terms of population, community, and 

property damage. The different types of landslide as classified by Varnes (1978) is 

shown in Table 1.1. The impact of landslides has become more acute in recent years 

as a result of population growth and rapid development of hazardous areas. Human 

lives and property are becoming increasingly vulnerable as artificial structures 

expand, road networks expand rapidly, and the human population grows. When a 

landslide occurs in such human settlements, it becomes a tragedy (Chandel, et. al., 

2011). Because of its unusual topographical landscapes, meteorological, and 

hydrological conditions, the state is more vulnerable to landslides. Landslides have 

been a yearly phenomenon during the monsoon season, causing widespread concern. 

The state of Mizoram is located in Zone V, also known as the Very High Damage 

Risk Zone, on the Indian Seismic Zone Map. As the population growth and 

development programs have increased, the human population and physical structures 

have become more vulnerable and dangerous (Sherbinin, et. al., 2007). This triggers 

a slew of issues for the general public, including loss of life and property, disruption 

of communication networks, and a financial burden on society. High slope and relief, 

immature geology, neo-tectonic activity, heavy rainfall, and unplanned and 

inappropriate land use practices are all factors that contribute to landslides. 

Landslides are more likely during the rainy/monsoon season because heavy and 

continuous rain softens the soil structure, particularly in steep slopes (NDMA, 2009). 

Many factors can make an area vulnerable to landslides; there are varieties of factors 

that can make an area susceptible to landslides, including both human-caused and 

natural soil composition. 

 Slope instability can be caused by anything as simple as a sudden shock, such 

as an earthquake. The majority of mountainous terrain has experienced slope 

collapse as a result of a number of terrain factors, as well as events such as heavy 
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rainfall or earthquakes. Human activities such as deforestation and urban expansion 

will increase the frequency and severity of slope failures. Although the key causative 

factors for the instability are often geological and geomorphological in nature, the 

problem of landslides becomes more exacerbated, particularly during the rainy 

season (Sarkar, 1999).As a result, the scientific community must devise plans to 

reduce the societal effects of landslides as soon as possible. One of the first steps in 

this direction is to establish Landslide Susceptibility Zonation maps and make them 

available to the appropriate governmental and non-governmental / local bodies so 

that they can take the required precautions (Prabin, et. al., 2013). Minor shocks like 

heavy trucks rambling down the road, trees blowing in the wind, or human made 

explosions can also trigger mass movement events (NDMA, 2019). Modification of a 

slope either by humans or by natural causes can result in changing the slope angle so 

that it is no longer at the angle of repose. Streams eroding their banks or coastal surf 

can undercut a slope, making it unstable. Heavy rain can saturate regolith cover, 

reducing grain-to-grain contact and lowering the angle of repose, resulting in mass 

movement. It can also saturate rock, making it heavier. Changes in the groundwater 

system can cause fluid pressure in rock to rise or fall, as well as mass movement 

events. The vegetation stabilizes the soil and slows the flow of water. Roots from 

trees hold the ground together and help to stabilize the slope. Slope failures often 

result from the removal of trees and vegetation, whether by humans or by a forest 

fire (Refahi, 2000). 

A major geo-environmental threat affecting the town of Serchhip and the 

surrounding area is landslides prone zone. Landslides are a possibility due to the 

immature nature of the topography and the compositional constituents, which are 

mainly argillaceous in nature. Landslides are more frequent during the monsoon 

season, which runs from May to October. During heavy rainfall period, the clay 

sediments and soil veneer present in the top most exposed layer become 

oversaturated and toppled by themselves or from slight shock, shaking, or 

anthropogenic interferences. 

The accurate maps can now be developed by using Remote Sensing and 

Geographic Information System (GIS) techniques for the latest advancement in space 
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technology. The information gathered and analysed provides an overview of 

potential threats, vulnerabilities, and risks (Amit, et. al., 2018). 

Mapping disaster-prone areas and locations is also a prerequisite for building 

a concise database that can be used to investigate hazards which can seriously disrupt 

society's operations, result in human loss of life, and damage to private and public 

property. The maps and other details produced by using GIS technology can be 

quantified and comprehended, allowing for more effective use of this data in landside 

susceptibility preparation, mitigation, and zoning. 

 

Table 1.1. Landslide Classification (After Varnes, 1978). 

Types of Movement Types of Material 

 
Falls Bedrock 

Engineering Soil - 

Predominantly 
coarse 

Predominantly 
fine 

Rock fall Debris Fall Earth fall 

Topples Rock Topple Debris Topple Earth Topple 

 
 

Slides 

Rotational 
Few 

Units 

Rock Slump Debris Slump Earth Slump 

Translation 

Rock Block slide Debris block slide Earth block slide 

Many 
Units Rock Slide Debris Slide Earth Slide 

Lateral Spreads Rock Spread Debris Spread Earth spread 

Flows Rock Flow 
(Deep Creep) 

Debris Flow (Soil 
Creep) 

Earth Flow 
(Soil creep) 

Complex Combination of two or more principle types of 
movement 

 

The types of landslide occurring in our study area mostly falls under debris flow 

and debris slide which can be described as a  moving mass of loose mud/shale, sand, 

soil, rock, water, and air that travels down a slope when water saturation is high 

under the influence of gravity .The distance a debris slide or debris flow can go is 

determined by various elements, including the source area's elevation, the steepness 
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of the hillside, and the soil thickness and composition. The water content, on the 

other hand, is the most important aspect. The longer the mass can move, the more 

water it contains. A debris flow's fine-grained pieces will only go a short distance. 

Larger rocks and stones will be left higher up the hill. 

 

1.2 General Remarks 

 The state of Mizoram lies in the southernmost part of northeast India bounded 

on the north by Cachar district of Assam, on the northeast by Manipur and on the 

north-west by Tripura. The eastern and southern boundary is the international border 

between India and Myanmar, whereas the western part of the state is bounded by 

Bangladesh. The geographical location of the state is between 92o 15’ to 93o 29’ E 

longitude and 21o 58’ to 24o 35’ N latitude. The total geographical area is 21,081 Sq. 

Km, extending 277 km from north to south and 121 km west to east. The climate of 

Mizoram, as a whole, is controlled by its location, physiographic, pressure regime in 

the North West India and Bay of Bengal, warm and moist maritime tropical air 

masses from the Bay of Bengal, local Mountain and valley winds. In addition, the 

Chin Hills, Arakan-Yoma Hill Tracts and Chittagong Hill Tracts also play an 

important role in shaping the climatic condition of the state. The climate of Mizoram 

is of the Tropical Monsoon type. So, Serchhip town enjoys a moderate climate owing 

to its tropical location. It is neither very hot nor too cold throughout the year. It falls 

under the direct influence of the southwest monsoon. As such, the area receives an 

adequate amount of rainfall, which is responsible for a humid tropical climate 

characterized by short winter and long summer with heavy rainfall (MIRSAC, 2011). 

The entire state of Mizoram is under the direct influence of the southwest monsoon. 

Hence, Serchhip town also receives an adequate amount of rainfall during the 

monsoon season. Heavy rainfall starts from the second part of May and this heavy 

downpour usually ends in the first part of October. During the period of 30 years, 

total annual rainfall was highest in 2007 (2991 mm) and lowest in 2005 (1365.7 

mm). The average annual rainfall received every year is 2329.9 mm and the highest 

average rainfall received during a particular month was 976 mm recorded in June, 

2003 (Aizawl Meteorological Centre, 2019). 
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1.3 General Geology and Geomorphology 

 

Geologically, Mizoram is located within the Cenozoic Tripura – Mizoram 

sedimentary basin (Evans, 1964). Mizorams geographical features are dominated by 

a series of parallel hill ranges that are typically aligned North-South and rise in 

elevation towards the state's eastern border. The ridge and valley province in the area 

has nearly unbroken parallel ranges, with ridges derived from Surma group hard 

resistant sandstone rocks. 

The rock formations in the state are located in narrow valleys and 

asymmetrical anticlinal ridges with parallel to sub-parallel sub-vertical axial planes. 

A series of sub-parallel, arcuate, elongated, doubly plunging folds, trending near N-S 

with slight convexity towards the west (Ganju, 1975; Nandy, 1982; and Ganguly, 

1993). Because the terrain is immature due to recent tectonics, topographic features 

in the state show prominent relief. The state's physiographic expression is defined by 

steep, mostly anticlinal, longitudinal, and parallel to sub-parallel hill ranges and 

synclinal narrow valleys that run roughly north south. Transverse faults cut through 

the anticlines and synclines. In the Mizoram region, older rock formations are 

exposed, which are thrown into strong, linear anticlines and synclines (Neurone, et. 

al., 2013). 

The state of Mizoram terrains topographic conditions is rugged and undulated, 

with an area of 21,081sq.km. The Mizo Hills (Lushai Hills) are made up of 

alternating ridges and valleys that run roughly north south to north northeast 

southwest, with an inclination to taper at both ends. The terrains are topographically 

of first order. The highest hill ranges are located in the east, with the peaks of 

Phawngpui (2,157 m. Mizoram's highest point) and Lengteng (2,141 m.). The lowest 

elevation, around 100 metres, is found in riverbeds near the Assam and Bangladesh 

borders. As we move towards the east, the elevation increases. In the anticlinal 

crestal portion, older and much more compact rock units are exposed, while in the 

synclinal troughs, younger and softer formations are exposed (Ganguly, 1983). 

1.4 Flora and fauna 

Mizoram contributes 14 per cent to the production of bamboo in the country, 
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the climate is ideal for setting up industries focused on agro-based and forestry 

products. According to the 2011 Forest Survey of India, Mizoram has the third 

highest overall forest cover, with 15, 94,000 hectares (39,40,000 acres), and the 

highest percentage area (90.68 percent) covered by forests, among the states of India. 

The most common vegetation forms found in Mizoram are tropical semi-evergreen, 

tropical moist deciduous, subtropical broadleaved hills, and subtropical pine forests. 

In the state, bamboo is widespread, usually intermixed with other forest vegetation; 

bamboo bearing is about 9,245 km2 (44 percent) of the area of the state. Throughout 

the year, Mizoram's flora comprises of vivid green plantations full of various plant 

species. Bamboo forests abound in the state. Mizoram is known for its orchids. 

(Debabrata and Praminik, 2015). The type of vegetation present in Serchhip is 

mainly bamboo and artificially grown teak. The type of forest is mixed evergreen 

with deciduous forest on high hills and deciduous forest on valleys and lower hills. 

Satellite data shows that forests cover 91 percent of the state's geographical 

area. Mizoram is home to various bird species, wildlife and flora. In the state, 

approximately 640 species of birds have been recorded, many of which are endemic 

to the foothills of the Himalayas and Southeast Asia. Much like its sister northeast 

Indian states, the state is also host to a varieties of fauna. The Slow Loris, red serow, 

which is the state animal, tiger, leopard, leopard cat and Asiatic black bear, are 

mammal species found in the Mizoram forests. The primates seen include stump-

tailed macaque, hoolock gibbon, leaf monkey and langur. There are also many 

reptiles, amphibians, fish and invertebrates in the state (Debabrata and Pramani, 

2015). 

1.5 Study Area 

 The study area is bounded by latitudes from 23°17'32.67"N to 23°24'4.70"N 

and longitudes 92°51'8.26"Eto 92°50'48.07"E, and falls in Survey of India Toposheet 

No.84A/15. The town of Serchhip is about 110 km away south of Aizawl, the state 

capital of Mizoram. The total geographical area of Serchhip town is 23.93 sq. km. 

The location map of the study area is shown in Figure.1.1.The 3D terrain model of 

the study area is shown in Figure.1.2 and the 2-dimensional profile graph showing 
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the differences in elevation throughout the length of the study area is shown in 

Figure 1.3. The total length of the study area is 13143.761 metres or13.143 km and 

average breadth is 2071.701 metres or 2.07 km. The study area lies within seismic 

zone 'V' in the seismic hazard map of India by the Bureau of Indian Standards (BIS) 

2000. 

 

                   Figure 1.1. Location map of the study area.  
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Figure1.2. 3D Representation of the study area generated by ArcScene 10.5  
                  using MIRSAC data (Digital Elevation Model, Satellite Image). 

 

 

 

 

 

 

 

Figure 1.3. Elevation Profile graph along the length (North-South) of the study  
                  area generated using ArcGIS 10.5. 
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1.6 Local Geology and Geomorphology 

The Serchhip town is the district headquarters located in the north-western 

part of Mizoram. The Serchhip town occupies the central part of Mizoram state. 

Geologically, the area represents a monotonous sequence of argillaceous and 

arenaceous rocks, which are classified by Geological Survey of India into four 

formations viz., lower, middle and upper Bhuban, and BokaBil Formations. The 

stratigraphic succession in the state was worked out by Karunakaran (1974) and 

Ganju (1975).The study area is made up mainly of rocks from the Bhuban Formation 

which belongs to middle Bhuban and upper Bhuban formation is also seen on the 

eastern sides. The middle bhuban rock is argillaceous in nature and is predominantly 

of grey sandy splintery shale, siltstone and mudstone, while the overlying upper 

Bhuban rock is also arenaceous, dominantly of sandstone with alternating layers of 

siltstone, mudstone, and shale. The formations are folded into almost N–S trending 

doubly plunging anticlines and corresponding synclines, and affected by 

longitudinal, oblique and transverse faults of varying magnitudes. These rock units 

have been deformed by folding and faulting. The hills are separated by rivers, which 

flow either to the north or to the south, creating deep gorges. The Serchhip town is 

situated on a single ridgeline, which runs in north- south direction. This ridgeline lies 

between two important rivers, Tuikum River in the east and Mat River in the west, 

which are both flowing in a southward direction. The ridgeline is divided by Kikawn 

saddle into two almost equal segments. These are denudational-structural hills and 

running water is the dominant process responsible for the formation of such 

landforms. 

Structurally, Serchhip town forms two limbs of an anticline with an 

approximately N-S trend, which is nearly symmetric in nature. It has been observed 

that the rocks exposed within the study area are traversed by several faults and 

fractures of varying magnitude and length. Serchhip town is characterized by several 

low and high undulating hillocks of assorted dimensions. A main ridgeline runs 

through almost the entire town area in a north-south direction with a number of spurs 

oriented mainly in the east-west directions. Several streams and nalas made their 
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way through these spurs, dividing them into a variety of facets. The whole region is 

represented geomorphologically by high to moderately dissected topography with 

alternate steep anticlinal ridges and narrow synclinal valleys trending North-South. It 

has both structural as well as lithological influence. The region constitutes a part of 

the active Himalayan tectonic domain, where faults and folds are common and 

correspond to the geomorphology of the region. Joints and fractures with well-

defined bedding patterns are commonly observed along the rocky exposures. The 

rocks are affected by high levels of weathering and erosion, which is one of the 

region's causative factors for failure. Differential erosion of the sandstone-shale 

sequence of the anticlinal hills has led to the development of ridges and valleys. The 

thicker sandstone beds usually develop into ridges trending with general NS. 

Faulting in many cases has produced steep fault scarps, forming escarpments. The 

related geomorphological characteristics at the foot of the escarpments are the 

colluvial footsteps. Because of heavy rainfall, the soils within Serchhip town are 

acidic in nature. It contains high organic carbon content and is high in available 

nitrogen, low in phosphorus and low in potassium. The region has a wet, humid sub-

tropical climate and is directly under the influence of the monsoon. The soil moisture 

regime is classified as Udic on the basis of rainfall and moisture. It is observed that 

the mean temperature difference between summer and winter is approximately 7o C, 

which exceeds the temperature difference of 5o C. Thus, the soils within the study 

area qualify as family modifiers for the Hyperthermic temperature class to be used. 

The field has been categorized according to soil taxonomy by Indian Council of 

Agricultural Research (ICAR) following USDA classification on the basis of its 

physico-chemical and morphological properties. The colluvial soil occurs along steep 

slopes and alluvial soil in the small valley-fill area.  

The soil of the town of Serchhip varies from deep to very deep, dark 

yellowish-brown to yellowish brown, clay loam and well-drained. In nature, the soil 

is highly acidic and the pH is 4.5 to 6.5. The soil is strongly acidic in nature and the 

pH is 4.5 to 6.5 (MIRSAC, 2019). The land is moderately to heavily erode on the 

hillside and at the peak of the hill. Serchhip has a very small portion of land that can 

be cultivated or under active cultivation. There is a great deal of practice in 
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cultivation, but related activities such as planting and harvesting forest products, 

including herbs, cane, wood, timber and bamboo. The soil is derived from 

sedimentary units, the soil profiles are young. Most of the soil is loamy in 

composition, well drained and acidic in nature, grey to dark brown in colour. These 

are mostly free from fragments of rock. Nutritionally, these soils are deficient in 

potassium and phosphorus. Prolonged cover of trees in association with heavy 

rainfall and thick vegetation leads to a high organic carbon and nitrogen content. 

Once these soils have been exposed, they are subject to excessive leaching leading to 

acidity. 

 

1.7 Climate  

The climate of Mizoram, as a whole, is controlled by its location, 

physiographic, pressure regime in the North West India and Bay of Bengal, warm 

and moist maritime tropical air masses from the Bay of Bengal, local mountains and 

valley winds. In addition, the Chin Hills, Arakan-Yoma Hill Tracts and Chittagong 

Hill Tracts also play an important role in shaping the climatic condition of the state. 

The climate of Mizoram is of the Tropical Monsoon type. Therefore, Serchhip town 

enjoys a moderate climate owing to its tropical location. It is neither very hot nor too 

cold throughout the year. It falls under the direct influence of the southwest 

monsoon. As such, the area receives an adequate amount of rainfall, which is 

responsible for a humid tropical climate characterized by short winter and long 

summer with heavy rainfall. 

1.8 Rainfall  

The entire state of Mizoram is under the direct influence of the southwest 

monsoon. Hence, Serchhip town also receives an adequate amount of rainfall during 

the monsoon season. Rainfall data over Serchhip town has been obtained from the 

State Climate Change Cell, Directorate of Science and Technology, Government of 

Mizoram for a period of thirty years, i.e., 1986 – 2015 (Aizawl Meteorological 

Centre, 2019). The study of the available rainfall data reveals that, generally, heavy 

rainfall starts in the second part of May and this heavy downpour usually ends in the 
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first part of October. During the period of 30 years, total annual rainfall was highest 

in 2007 (2991 mm) and lowest in 2005 (1365.7 mm). The average annual rainfall 

received every year is 2329.9 mm and the highest average rainfall received during a 

particular month was 976 mm recorded in June, 2003. The annual rainfall data 

recorded for thirty years is shown in Table 1.2, and in Figure 1. 4. 

 

    Table 1.2. Average, Maximum and Minimum Annual Rainfall (in mm) of Serchhip town  
       (1986 - 2015) (Source: Aizawl Meteorological Centre, Dept. of Science and Technology). 

Year Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 
1986 8 0 10 260 115 360 495 495 300 158 173 274 2648 
1987 18 57 65 172 167 423 497 472 352 189 109 15 2536 
1988 0 23 80 99 402 480 490 460 350 341 68 3 2796 
1989 0 22 29 82 184 458 500 460 409 397 19 0 2560 
1990 0 47 260 273 302 350 282 540 442 157 108 81 2842 
1991 17 21 69 277 650 550 329 302 347 232 91 15 2900 
1992 0 71 8 29 283 562 521 406 409 341 78 3 2711 
1993 30 163 94 89 436 512 588 410 433 229 4 0 2988 
1994 0 4 235 188 91 298 337 349 257 57 51 0 1867 
1995 11 11 50 38 439 445 428 547 165 158 247 0 2539 
1996 0 14 238 119 434 232 507 389 517 217 43 30 2740 
1997 2 4 256 43 204 407 703 272 485 154 58 58 2646 
1998 41 55 143 100 518 273 469 380 202 67 14 0 2262 
1999 0 0 100 47 428 407 486 343 302 177 28 32 2350 
2000 16 19 158 216 465 273 201 733 429 242 110 0 2862 
2001 0 29 27 76 305 537 252 413 189 284 141 0 2253 
2002 22 0 71 99 837 280 555 311 193 51 87 0 2506 
2003 0 4 80.5 152 279 976 226 252.5 379.5 187 0 24.5 2561 
2004 0 0 9 293.5 203 534.5 665 280.5 407 110 0 0 2502.5 
2005 0 0 93.5 77 236.6 150.5 165.3 257.7 220.1 161.9 0 3.1 1365.7 
2006 0 0 0 46.2 369.3 526 228.1 206.6 164 117.5 0 2 1659.7 
2007 0 30.5 11 99.5 396 593 546.1 395 536.5 264.1 119.3 0 2991 
2008 0 3.5 22.5 12.5 268.5 293.5 414 444 362.4 147 21.5 0 1989.4 
2009 0 0 22.7 33.2 73.5 258.4 292.2 420.4 120.4 132.2 34.2 0 1387.2 
2010 0 0 77.2 100.6 365.9 445 337.4 429 443 227 6 63 2494.1 
2011 0.3 0 71.8 83.4 340 393.3 187.4 384.6 351 41.4 0 0 1853.2 
2012 Nil 8 3.6 117 98 666 384 301.6 209 227 148 Nil 2162.2 
2013 Nil Nil Nil 27.5 353 253 272.1 406.2 268.2 108.1 Nil Nil 1688.1 
2014 Nil 19.75 17.5 18.1 225.8 342.2 207 247.4 265.4 88.5 13.6 0 1445.2 
2015 0.3 1.8 17.3 322.5 76.6 189.6 431.8 352.4 275.3 117.5 7 Nil 1791.8 
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                   Figure 1.5. Drainage map of the Study area. 
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1.10 Socio Economic condition and Road Network 

The study area is divided into six village councils. As Serchhip town is the 

headquarters of the district, the Deputy Commissioner is the head of the civic 

administration. According to the 2011 census, the population of Serchhip town is 

21158, out of which 10777 are male and 10381 are female. The population of 

Serchhip town comprises 1.9% of the entire population of the state. The literacy 

percentage within the town is 98.30%. The literacy percentage of males is 98.44% 

whereas the female literacy percentage is 98.15%. As Serchhip town is the 

headquarters of the district, various government departments and private companies 

are located within Serchhip town. As per Census 2011, there are 25 Primary Schools, 

21 Middle Schools, 9 High Schools and 1 Higher Secondary Schools and 1 College. 

Serchhip town has a district hospital and one sub-post office. The town has banking 

facilities such as State Bank of India, Mizoram Rural Bank, United Bank of India 

and Apex Bank. Since there are no major industry and manufacturing centres, the 

economy of Serchhip town is basically sustained by government services. A good 

number of people are also engaged in trade and commerce, livestock and animal 

husbandry as their occupations. Apart from these, there are people who are involved 

in earning their daily wages as manual labourers. 

 According to Census 2011, 45.68% of the total population constitutes main 

and marginal workers. About 45.95% of the population of the town are cultivators 

and 7.56% of the population comprises agriculture labourers. The transport and road 

network in Serchhip town is determined by the physiography of the town. The most 

important route, NH-54 runs in the north–south direction at the crest of the main 

ridge and runs through the entire town. From the main route, one route from Kikawn 

veng runs towards the western side, passing through Sailam village and connects the 

State Highway. Towards the extreme south-end of the town, another route bifurcates 

from NH-54 towards the western side, which crosses Mat river and connects 

Thenzawl town. The State Highway continues towards the southern side of the town 

and serves as an inter-district road network with neighbouring Lunglei district. The 

road network and administrative boundary map of Serchhip town is shown in Figure 

1.6. In addition, 3D representation of road, landslide locations, drainage and contour 



16 

are shown in Figure 1.7 a to d. 

               Figure 1.6. Road map of the study area. 
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  Figure 1.7a. A 3D Road Network map of the study area. 

    Figure 1.7b. A 3D landslide location map of the study area. 
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Figure 1.7b.A 3D Landslide locations shown in the Serchhip town area. 

  Figure 1.7c. Drainage map superimposed over DEM of the study area. 

  Figure 1.7d. A 3D Contour map of the study area . 
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1.11 Review of Literature 

 A large number of research papers covering landslide studies from regional, 

national and international have been reviewed. A broad variety of methodologies has 

been identified as well as reports that vary in scales and objectives. The methods 

used to develop landslide susceptibility mapping are primarily based on availability 

and type of data, model generation and objectives, and there is no particular 

approach.  

 Castellanos Abella and Van Westen (2008), prepared a Landslide 

susceptibility assessment model by multi criteria analysis using a qualitative 

approach in which they combined all weights into hazard value for each pixel count 

of the susceptibility map and, based on their study, conclusions regarding the various 

conditions under which failures of slopes occur. 

Anbalagan, et. al., (2008) prepared meso-scale mapping of Landslide Hazard 

Zonation (LHZ) for comprehensive urban planning in mountainous terrain in which 

hill slopes are demarcated into zones of varying degrees of stability on the basis of 

their relative hazards using the slope facet, which refers to parts of a hill with a 

similar slope that is normally bordered by geographic naturally occurring features 

like spurs, ridges, gullies, depressions, streams and rivers. Inherent causative factors 

responsible for Slope Instability are account for by this methodology and graded 

according to their effect on instability induction. 

Guzetti, et. al., (1999), states that the boundaries between the methodologies 

are not rigid, especially in the heuristic approach, which is the indirect mapping 

methodology consisting of mapping a large number of controlling factors considered 

to potentially affect landslides in an area and eventually analysing all these causative 

factors with respect to slope instability. 

 Remote Sensing and GIS have wide-range applications in the field of geo-

sciences; Analytical hierarchy process was applied to assign relative weightages over 

all ranges of instability factors of the slopes. These techniques have been used to 
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carry out Landslide Hazard Zonation of Uttaranchal and Himachal Pradesh States by 

the National Remote Sensing Agency (NRSA, 2001). 

 The landslide vulnerability zones for Darjeeling, India have been defined by 

Roy and Saha (2019) using the main knowledge-driven statistical technique sets, i.e. 

fuzzy logic with Landslide Numerical Risk Factor (LNRF) and Analytical 

Hierarchical Method (AHP). Based on the Fuzzy- Landslide Numerical Risk Factor 

(LNRF) and Fuzzy- Analytic Hierarchy Process (AHP) methods in a GIS context, 

Landslide susceptibility maps were prepared. The curved areas are 91% (for Fuzzy-

LNRF) and 90% (for Fuzzy-AHP) and the RMSE values of these models are 0.18 

and 0.14, indicating the good accuracy of both models in defining zones of 

susceptibility to landslides. 

 Raju, et. al., (1999) carried out landslide studies and preliminary landslide 

hazard zonation in Chimtuipui and parts of Lunglei district of Mizoram using high 

resolution. The Geocoded false colour composite with Satellite imagery (IRS LISS-

II) was used and in addition, with the help of toposheets of the area. They classified 

into three zones of hazards, viz., high hazard zone, medium hazard zone and low 

hazard zone in which about 10% of the area falls in the high hazard zone, 60% of the 

area in the medium hazard zone and rest 30% of the area in low hazard zone. 

 Pankaj and Sawaiyan, (2007) carried out Meso-Scale Landslide Hazard 

Zonation and slope stability studies around Lunglei town, Mizoram based on the 

modified BIS (2004) guideline taking into account 12 (Twelve) geo-environmental 

parameters viz. slope morphometry, relative relief, landuse, landcover, lithology, 

intact strength of slope material, structure, hydro-geological conditions, rainfall, 

stability status of slope, seismicity and slope erosion. On the basis of the Total 

Estimated Hazard (TEHD) values, the entire mapped area has been divided into four 

hazard zones, namely Low Hazard Zone (LHZ), Moderate Hazard Zone (MHZ), 

High Hazard Zone (HHZ) and Very High Hazard Zone (VHHZ). 

 Moirangcha, et. al., (2014) carried out seismic and landslide hazard 

assessment of Aizawl by integrating different influencing parameters (geological, 

geotechnical and geophysical) and integrating it over into the GIS platform. This 

study was carried out in 1:25,000 scale following the modified BIS guidelines of GSI 
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(2005), which indicated that 5% of the area is under high hazard, 41.3% of the area is 

under moderate hazard and 53.7% of the area is under low hazard categories 

respectively. An integrated seismic hazard assessment map using different 

parameters was also generated on a GIS platform, which revealed that 13% of the 

area is under relatively very high hazard, 39.1% of the area is under relatively high 

hazard, 42.3% of the area is under relatively moderate hazard and 5.6% is under 

relatively low hazard categories respectively. 

 MIRSAC (2011) has carried out  Micro-level Landslide Hazard Zones of 

Aizawl city and selected towns of Mizoram at 1:5000 scale using satellite data such 

as Cartosat-I stereo pairs, Quickbird (0.6 resolution), Survey of India topographic 

maps and other ancillary data and classified them into very high, high, moderate, low 

and  very low zones for Disaster management system for Mizoram. 

 Tiwari, et. al., (1997) has carried out a critical study of the causes of the 

South Hlimen landslide located in the outskirt of Aizawl town in 1992, which 

claimed the lives of almost 100 people and rendered the area as a no development 

zone. 

 Kumar, et. al., (2018) has prepared Landslide hazard zonation using the 

analytical hierarchy process along National Highway-3 in the mid Himalayas of 

Himachal Pradesh, India by considering relevant instability factors to develop the 

hazard map and the analytical hierarchy process was used to assign relative 

weightages over all ranges of instability factors of the area and the resultant landslide 

hazard map shows that 14.30% of the area lies under very high hazard zone and 

15.97% in high hazard zone. 

Tiwari, and Kumar, (1996) has carried out the geotechnical appraisal of the 

1994 Bawngkawn landslide, examining the causes of the slope failure and suggesting 

remedial measures. 

 Choubey and Lallenmawia (1987) studied landslides and other mass 

movements within Aizawl city. Later, Choubey (1992) did an in-depth study of the 

Vaivakawn landslide with geotechnical laboratory testing of the slide materials and 
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has provided suggestions for remedial measures for the landslide. 

Lallianthanga and  Laltanpuia (2013) have carried out the study of landslide 

prone areas of Lunglei town by utilizing high resolution satellite data using various 

thematic layers, viz, lithology, geological structures, slope morphometry, 

geomorphology and land use/land cover were prepared using Satellite Remote 

Sensing and Geographic Information System (GIS) techniques. The varied 

parameters were classified, graded and weighted according to their assumed or 

expected importance in inducing slope instability based on apriori knowledge of the 

experts. A heuristic methodology has been applied for the assignment of ranks and 

weights. Finally, a landslide hazard zonation map is prepared showing five hazard 

categories, which range from very low hazard to very high hazard. 

Lalrokima, et. al., (2106) have carried out Landslide hazard zonation of Saiha 

District, Mizoram, India using Remote Sensing and GIS based on the integration of 

data acquired from various geological and environmental thematic databases and 

assigning weightage values for each theme and concluded that very high hazard 

zones occupies a total of 9.89% of the area, High Hazard zone occupies 24.35% of 

the total area whereas Moderate Hazard area occupies  about 42.72%, Low hazard 

zone and Very low Hazard zone constitutes 19.96% and 2.22% respectively. 

Lallianthanga and Lalbiakmawia (2013) have taken up the investigative study 

of the landslide hazard zonation (LHZ) of Serchhip town using high resolution 

satellite data. Various thematic layers, such as slope morphometry, geological 

structures such as faults and lineaments, lithology, geomorphology and land use/land 

cover, have been generated using remote sensing data and the geographic 

information system (GIS). For the various groups of thematic layers, a weighting 

ranking system based on the relative significance of different causative factors is 

used. The sum of this attribute value was then multiplied by the corresponding 

weights for the different zones of landslide hazard. A landslide hazard zoning map 

based on the integration of data from various geo-environmental thematic databases 

has been prepared. Geo-environmental factors have been found to play a significant 

role in causing landslides in the study area. The individual class in each parameter 
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was analyzed to determine their relationship to landslide susceptibility within the 

study area. 

MIRSAC (Mizoram Remote Sensing Application Centre) in 2018 has carried 

out Hazard Risk and Vulnerability analysis of Serchhip Town to assess the extent of 

hazard risks and vulnerabilities at the town level. The analysis was carried out on a 

1:5000 scale. The analyses have been done using Remote Sensing and GIS 

technology, which is proven to be a dynamic and reliable technology-platform for 

producing accurate information required for disaster management. These studies 

incorporate the analysis of different aspects of natural disasters that are prevalent and 

forecasted in the town. Qualitative modelling techniques based on GIS were used for 

mapping and analysis risk assessment. 

 Mazumdar (1980) prepared the first landslide hazard zonation map of the 

entire North-East India on the 1:100,000 scale. He further categorized the landslide 

hazard zonation map into six zones. He studied and prepared the landslide hazard 

zonation map considering the geology, geomorphology and hydrology of the area. In 

this landslide hazard zonation map, Mizoram falls in the moderate/moderately high 

hazard zone. 

Ghosh and Singh (2002) had carried out macro level landslide hazard 

zonation mapping in part of Aizawl and Mamit districts including Aizawl, Sairang, 

Durtlang, Sihphir, Reiek, Hlimen, Tachhip and Lengui airport area and prepared a 

macro scale landslide zonation map of the said areas based on modified BIS (1998) 

guide line. Besides, Micro-level landslide hazard zonation mapping on the 1:10000 

scale was also carried out by Ghosh and Singh (2002) in & around Serchhip and 

Chhiahtlang. 

 Lawmkima (2010) had carried out a Geotechnical study of landslide hazards 

in Aizawl city using GIS environment with detailed investigations of selected 

landslides such as Bawngkawn, Sairang and South Hlimen. 

 Srinivasa Rao and Lalramdina (2019a) had carried out landslide Zonation of 

Landslide Susceptibility and Risk Assessment in Serchhip town, Mizoram using 
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weightage overlay and AHP method and categorized them into three susceptibility 

zones based on six different factors having different weightage calculated using AHP 

method. 

 Srinivasa Rao and Lalramdina (2019b) had carried out Landslide 

Susceptibility Zonation and Risk Assessment in southern part of Serchhip town, 

Mizoram on a scale of 1:5000 using Analytical hierarchy process and weighted linear 

combination method to assess the susceptibility and classified the area into three 

zones namely high, moderate and low zones 

 

1.12 Objectives 

 The aim of the study is to demarcate the susceptible landslide areas in the 

spatial domain in and around Serchhip town in various scales of susceptibility from 

very high to low using GIS techniques. Landslide Susceptibility zonation mapping 

has gained high importance amongst geologists and town planners. The outcome of 

the current study will act as a risk assessment tool and play a major role in the 

mitigation of the risk of landslides in the area. The objectives of the study are as 

follows: 

1. To assess the susceptibility and risk of landslides in Serchhip town 

2. To illustrate the landslide susceptibility mapping and classify the zones of 

landslide hazards of Serchhip town. 

3. To suggest preventive and remedial measures wherever they are needed. 
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CHAPTER 2 – GEOLOGICAL SETTING AND LANDSLIDES 
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2.1 Regional Tectonics and Geology  

Three mega faults govern the geodynamic framework of NE India: 

1) Along the Himalayan foothill belt, the Main Boundary Thrust Fault (MBF), 2) The 

Dauki strike-slip fault (DF) in the Shillong cratonic block's southern margin, and     

3) Along the Hail-Hakalula-T3 (HHT-3) trend, the Barisal-Halflong-Disang fault 

(BHDF). 

The Shillong Plateau, an elevated cratonic nucleus in northeast India, lies 

between the east-facing orthogonal thrust belts of the eastern Himalaya and the west-

facing Indo-Burman ranges. Along the Plateau's middle and northern reaches, 

Archaean and Neoproterozoic basement rocks can be seen. In the western and 

southern parts of the Plateau, widespread Neo-Proterozoic anorogenic granitic 

magmatism has been discovered. The Shillong Plateau, which has normal continental 

thickness, is juxtaposed with southern attenuated continental crust and real oceanic 

crust by the Dauki fault. In the early Cretaceous, the Shillong Plateau's southern 

boundary began as a rift margin (Curray, et. al., 1982). The Shillong Plateau's 

eastern, western, and southern limbs are covered in Cretaceous to Miocene marine to 

continental deposits with a thickness of up to 6 km (Evans, 1964; Das Gupta, et. al., 

1964; Das Gupta and Biswas, 2000; Ghosh, and Singh, 2002). The Shillong Plateau 

rocks thrust over the sedimentary basins, which are oriented along the structural 

trends of the Shillong anticline. (Das Gupta, et. al., 1964). Anticlinal folding of 

sedimentary strata was caused by reverse faulting at deep. 

Under thrusting of the Shillong-Upper Assam section of the NE region of the 

Indian Craton, below the Himalayan subduction complex on the north along the 

MBF, is caused by southerly compressive stress. The DF, a dextral strike-slip fault, is 

a trans-continental transform fault that extends eastward from the Narmada-Son geo-

fracture over a mega lineament. After convergence, the BHDF defines the transform 

boundary between the Indian plate's north-eastern margin and the Indosinian plate's 

north-eastern margin (Nandy, 1982). Following the HHT-3 mega lineament with 

dextral slip, this transform fault appears to expand south-westward. Through the 

Cauvery shear zone and its extension to the western offshore along the Telicherry 
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arch, this fault line corresponds to the Eastern Ghats-Palghat trend. Thus, BHDF 

appears to be the north-eastern extension of another trans-continental transform fault 

that runs along a mega shear zone from Carlsbarg ridge to Naga Hills. Near 

Halflong, the two transform faults intersect, forming a deep basin (Surma basin, with 

deposits over 18 km thick) in the trans-tensional zone between the faults (Ferdous 

and Renaut, 1996; Mannan, 2002). 

The Surma basin is a Tertiary sub-basin within the greater Bengal Basin 

(Ferdous and Renaut 1996; Mannan, 2002). The Surma basin is a Neogene outer arc 

basin that exposes alternate arenaceous and argillaceous sequences as rhythmites, 

showing epeirogenic movements during deposition (Sarkar and Nandy, 1976). 

Evans (1932) coined the term "Surma Series" after the Surma River in 

Bangladesh's Sylhet area (Dasgupta, 1982). The Surma basin is defined by a 

sequence of north-south trending (N15°E to S15°W) sub parallel enechelon regional 

anticlinal ridges and synclinal troughs. The oblique sinking of the Indian plate 

beneath the Burmese plate has resulted in the formation of an accretionary prism 

complex that is migrating westward. The post-Barail unconformity borders the 

Neogene Surma basin, which is then faulted to the east by the Kaladan fault 

(Ganguly, 1983). The northern and north-eastern limits are defined by the E-W 

trending Dauki fault and the NE-SW running Disang thrust, respectively. To the west 

and northwest of the Surma basin, the NW-SW Sylhet fault (Nandy, et. al., 1983), 

also known as the ‘Hail Hakula' lineament (Ganguly, 1983), and the Barisal-

Chandpur high (Sengupta, 1966) are located to the south, the basin extends all the 

way to Myanmar's Arakan coast. 

The Surma Group and newer sediments appear as a westerly convex N-S fold 

belt with a strike length of around 550 km and a maximum breadth of 200 km. inside 

this enormous landscape. The Surma basin includes the Assam districts of Cachar 

and Karimganj, Tripura and Mizoram, the western part of Manipur, Bangladesh's 

districts of Sylhet and Chittagong, and Myanmar's Arakan coastal zone. The Indo-

Myanmar mobile belt's highly folded, faulted, and thrusted Palaeogene outer arc 

complex lies to the east of this basin, whereas the alluvium-covered, gently dipping, 
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homoclinal Tertiary sedimentary sequence of Bangladesh occurs to the west, and 

adjacent to the Bengal basin (Nandy, 1972). This took on a 'bell-shaped' shape, with 

a continual southerly and south-westerly palaeoslope connecting to the open sea to 

the south. 

La Touche (1891) initiated mapping the Mizoram basin, which extends along 

the eastern and south-eastern boundaries of the Shillong Plateau, and was continued 

by Mathur and Evans (1964) and Ganguly (1983). Due to the terrain's inaccessibility, 

detailed field traverses were limited. Ganguly (1974, 1975, & 1983), Shrivastava, et. 

al., (1979), Nandy (1972, 1980, & 1982), and Jokhanram and Venkataraman (1984) 

mapped the area on a regional basis using aerial pictures. The Geological Survey of 

India (GSI) has completed regional mapping of several parts of Mizoram at a scale of 

1:50,000. 

2.1.1 SURMA GROUP 

 The Surma Group is widely exposed in Mizoram and is called after its type 

area in Surma valley (Evans, 1964). It is made up of varying proportions of poorly 

fossiliferous shale, mudstone, sandstone, and siltstone, as well as a variety of facies 

with alternating ridges and valleys. Mizoram is the epicentre of the Surma group of 

rocks, which span over 8000 meters in thickness (Table 2.1). The Surma Group is 

divided into the Upper, Middle, and Lower Bhuban Formations, as well as the 

Bokabil Formation. The studied region is dominated by the Middle Bhuban 

formation, with some Upper Bhuban formation present in several places. Because of 

the periodic deposition of sandstone, shale, siltstone, and mudstone of varying 

thickness and proportions, the Surma Group of sediments shows intergrading and 

inter-bedding. 

The general depositional events in the Surma basin consists repetitive 

successions of mainly Neogene arenaceous and argillaceous sediments. The present 

lithostratigraphic rock sequence of Surma basin (Nandy, et al. 1983) has broadly 

been subdivided into the Surma Group (Miocene), the Tipam Group (Pliocene) and 

the DupiTila Group (Pleistocene).It comprises of alternations of poorly fossiliferous 

shale, mudstone, siltstone and sandstone in varying proportions with rapid lateral 
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variation of facies and is characterized by alternate ridge and valley topography. The 

Bhuban Subgroup has been named after its type area of Bhuban range in the Western 

Manipur Hills and is well developed in Mizoram. The distribution of rock formations 

along with major and minor faults are shown in Figure 2.1 and stratigraphic 

succession of Mizoram mentioned in Table 2.1. 

 

     Table 2.1. Generalized stratigraphic succession of Mizoram (After 
Karunakaran, 1974; Ganju, 1975; Tiwari and Kachhara, 2003; Mandokar, 
2000; Duhawma, et. al., 2016; Barman and Rao, 2021). 

Age Group / Formation Thickness Gross Lithology Depositional 
Environment

Recent - - Gravel, silts and clays Fluvial and 
alluvial 

------------------Unconformity------------------- 
Early 
Pliocene 
to Late 
Miocene 

Tipam + 900 m. Friable sandstone with 
occasional clay bands 

Fluvial 

------------------Conformable and transitional contact ------------------- 
 
Miocene 
 
 
 
   To 
 
 

Upper 
Oligocene

 
S      

 

U 

 

R 

 

M 

 

A         

B o k a b i l + 950 m. Shale, siltstone and sandstone Shallow 
marine 

------------------Conformable and transitional contact ------------------- 
B 
 

H 
 

U 
 

B 
 

A 
 

N 

Upper 
(+1100 m.) 

Arenaceous predominating 
with sandstone, shale and 
siltstone 

Shallow 
marine, near 
shore to 
lagoonal 

----------Conformable and transitional contact -------- 
Middle  

(+1000 m.) 
Argillaceous predominating 
with shale alterations and 
sandstone 

Deltaic 

--------Conformable and transitional contact -------- 
 Lower  

(+900 m.) 
Arenaceous predominating 
with sandstone, silty shale  

Shallow 
marine 

------------------Unconformity obtained by faults------------------- 
Oligocene   B  a  r  a  i  l (+ 3000 m.) Shale, siltstone and 

sandstone 
Shallow 
marine 

----------------- Lower contact not exposed ------------------- 
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Figure 2.1. Geological Map of Mizoram state. 
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The Neogene sediments of Surma basin cover entire Mizoram, as Miocene 

sediment depo-centre. They are ranging from Barail to Tipam Group but the Surma 

Group rocks are dominated throughout Mizoram. The Surma group covers about 

75% of the territory of the Mizoram state. These sediments are emerged in to north-

south trending fold belt. This fold belt consists of sub-parallel doubly plunging en-

echelon anticlinal ridges and synclinal valleys of Barail, Surma and Tipam groups. 

The Barails are exposed in the eastern border of Mizoram, the Surma group covers 

central and major part of the state, and the Tipam Group of rocks exposed in the 

western border of Mizoram. The Barail Group mainly comprises of shale, siltstone 

and sandstone. The Bhuban Subgroup comprises hybrid association of mudstone, 

sandy mudstone, siltstone, sandy siltstone, mud-shale and muddy sandstone, showing 

relative dominance of argillaceous over arenaceous facies. The Bokabil consists of 

shales with siltstone and sandstone. The Tipam group of rocks comprises friable 

sandstone with occasional clay bands. 

Shales from the basically argillaceous Middle Bhuban are exposed on the 

limbs of anticlines in the area (Jokhanram and Venkataraman, 1984). Thin 

lamination, sole markings, warm burrows, ripple marks, and load castings can all be 

found in the Mizoram basin shales (Jokhanram and Venkataraman, 1984). The 

layering may not be continuous at times, and one of the layers may taper away. 

Deformation, including shearing, is visible in shale interlayered with siltstone/grey 

shale.The varying conditions of deposition are represented by shales, various types of

 sandstones, grey to dark grey shales, conglomerates, siltstones, laminated mudstone,

 and clay stone. The occurrence of fossiliferous sandstones and diverse primary sedi

mentary turbidity structures indicate shallow marine to deltaic deposition environme

nts. (Holtrop and Keizer, 1970). Based on various fossil records, the Mizoram basin 

sediments were deposited in a near-shore, shallow marine environment (Tiwari and 

Bannikov, 2001). 

2.1.2 Bhuban Formation 

 The Bhuban Formation is well developed in Mizoram, primarily in the 

anticlines, and was named for its type locality area of the Bhuban Range in the 
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western Manipur Hills (Nandy, 2017). The formation is made up of a mix of 

siltstone, shale, silt-shale, and muddy sandstone, with argillaceous rocks dominating. 

Intermixtures occur because there is no apparent distinction between finer and 

coarser clastic sediments. Sand and shale intercalations are prevalent, and the 

sandstones are mostly hard, fine-grained, and poorly sorted, with frequent facies 

shifts. The bhuban group of rocks is distinguished by argillaceous and arenaceous 

layers that have undergone cyclic sand-shale alteration. The sandstones bed usually 

shows ripple marks with cross stratifications. 

2.1.2 (a) Upper Bhuban Formation 

 An arenaceous sequence covers the Middle Bhuban formation. It is typically 

found in the syncline cores and consists of more than 1200 meters of thinly bedded 

dark sandstone and shale alteration, which is overlain by bluish to grey medium 

grained sandstone (Ganju, 1975). 

2.1.2 (b) Middle Bhuban Formation 

 The Upper Bhuban Formation, which is predominantly an argillaceous 

succession of rock, is underlain by this Formation and consists of a monotonous and 

thick succession of 3000m of alternating stages of siltstones and shales. The siltstone 

is usually grey to bluish grey with cross stratifications and mud cracks, whereas the 

shale is usually grey to dark grey with cross stratifications and mud cracks (Ganju, 

1975). 

2.1. 2 (c) Lower Bhuban Formation 

 This Formation is predominantly arenaceous in nature, and it is Mizoram's 

second oldest lithology, occupying the anticlinal cores of the state's southern region. 

The sandstone in this formation is moderately to poorly sorted, weathered, and fine-

grained, whilst the shales are thinly laminated, friable, and dark grey, with a unit 

thickness of roughly 900 meters (Ganju, 1975), which is lower than the other 

formations. 
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2.1.2 (d) Bokabil Formation 

 The Bokabil formation, which is exposed extensively all throughout Mizoram 

syncline and is known after its type locality near Bokabil Valley in Hailakandi 

(Assam). Large facies range from shale to sandstone characterizes them, and they are 

generally arenaceous with worn patterns. In the upper section of this strata, 

invertebrate fossils are abundant. This formation's rocks may well be observed in the 

northwestern region of Mizoram and have a thickness of roughly 950 meters (Ganju, 

1975). 

2.2 Landslide history in the region 

Landslides are common in Mizoram due to its steep topography. Every year, 

a number of landslides are reported from a variety of locations and places. The most 

common reasons of slope failure in Mizoram are surface conditions rather than 

subsurface ones and/or seismic or volcanic activity, which occur rarely or never in 

the region. Since Mizoram is part of the Himalayan mobile belt, neo-tectonic activity 

and its associated components have played a significant role in causing slope 

collapse, particularly in geologically unstable locations such as proximity to active 

fault zones, unconformity, and so on (NDMG, 2009). The region is geologically 

young, and the lithology is dominated by unstable and soft sedimentary rocks, which 

are easily prone to sliding down the hill when subjected to heavy rain. In addition, 

the state's steep slope and relief, as well as poor land use practises, have increased the 

frequency of landslides in the region. 

Several major landslides have been documented in the Aizawl district over 

the last two decades. In 1992, a landslide in a stone quarry in the South Hlimen area 

killed 66 people (Tiwari and Kumar, 1996). A total of 17 homes were destroyed. In 

1994, the communities of Aizawl Venglai, Ramthar, and Armed Veng sank, causing 

extensive damage to 65 homes. In 1994, the communities of Aizawl Venglai, 

Ramthar, and Armed Veng began to sink, causing catastrophic damage to 65 homes. 

In 1995, a long-line fracture appeared alongside the Aizawl-Sairang road in the 

Hunthar neighbourhood (National Highway 54). The enormous “Ngaizel Landslide” 

halted the national route for many days in May 2011 (Verma, 2012 & 2013). In June 
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2017, flash floods and landslides triggered by torrential rains caused havoc in 

Tlabung, Mizoram's Lunglei district, killing at least eight people and leaving six 

more missing. On August 27, 2015, heavy rains and landslides in Mizoram's capital 

city swept away three houses and damaged 70 graves in two cemeteries, houses were 

swept away by heavy rains and landslides in Mizoram's capital city, while four 

vehicles were damaged in landslides. At least 50 graves were also damaged at the 

cemetery of Chaltlang locality and due to large landslides on the highways, 

numerous district headquarters, including south Mizoram's Lunglei, Saiha, and 

Lawngtlai districts, Serchhip and Mizoram-Myanmar border Champhai district, 

remained cut-off from Aizawl. During 2017, continuous rains have caused landslides 

and floods in Mizoram, killing at least 12 people and destroying 877 structures.  

Serchhip District is the state's smallest district. Mizoram's Serchhip district is 

located in the centre of the state. Serchhip is the organization's headquarters. 

Geologically, the district is occupied by shale, siltstone, and sandstone of Surma and 

Barail formations of Oligocene to Miocene age. Serchhip District is located in the 

heart of Mizoram, spreading to the further reaches of the state; 112 kilometres from 

Aizawl along NH 54 between Aizawl and Lunglei, at an elevation of 1281 metres 

above sea level. During 2016-17, 49 villages within Serchhip district were affected 

by landslide resulting in losses of houses and crops. On June 14, 2018, a landslide on 

NH 54 isolated Serchhip town off from the rest of the state because the entire hillock, 

through which the highway runs, has slided and several houses have to be evacuated 

due to landslides. A massive landslide has occurred on July 15, 2019 and block the 

National Highway-54 near Serchhip. Two houses have been destroyed and over 10 

families have been evacuated to safer places. The major landslide occurring within 

the region is shown in Table 2.1. The distribution of landslides and boundary of the 

study area along with the type of formations observed is shown in Figure 2.2.  
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     Table 2.2. LIST OF MAJOR LANDSLIDES IN MIZORAM (Source: Disaster 
   Management and Rehabilitation Department, Govt. of Mizoram, Aizawl). 

 

Sl. No. Locality District Year 

1 Ramhlun Sport Complex Aizawl 2011 

2 Rangvamual Aizawl 2013 

3 Armed Veng Aizawl 2004 

4 Armed Veng Aizawl 2013 

5 Sihpui Area Aizawl 1983 

6 Zuangtui Aizawl Perennial 

7 MuannaVeng Aizawl Perennial 

8 Hunthar Veng Aizawl Perennial 

9 Ngaizel Road Aizawl Perennial 

10 Laipuitlang Aizawl 2013 

11 Hlimen Quarry Aizawl 1992 

12 Bawngkawn Aizawl Perennial 

13 Serchhip National Highway road Serchhip 2018 

14 Lunglawn Lunglei 2018 

15 Tuikhuah Veng Serchhip Perennial 

16 College Veng Siaha Perennial 

17 Mualcheng Serchhip Perennial 

18 Chhingchhip Road Serchhip Perennial 

19 Bazar Veng Mamit Perennial 

20 Buarpui road Lunglei Perennial 

21 Serchhip Bazar Serchhip Perennial 
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                                          Figure 2.2. Geological map of the Study area. 
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                       Figure 2.3. Lithological map of the Mizoram state 
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3.1 Methodology 

To accomplish the objectives of the proposed study, the most important 

criteria is the creation of factor attributes and selections, which are further used to 

identify and classification of the study area into landslide susceptibility zones. These 

factors are given weightage, evaluation and integrated according to their ranks and 

weights, which is further used to generate susceptibility models of the study area. 

The present study uses the standard Remote Sensing and GIS (Geographic 

Information System) techniques to prepare different thematic information that is 

ultimately represented in the form of maps. In short, remote control techniques refer 

to the collection and utilization, without the need for physical contact, of the 

information collected by a remote device and produced in the form of satellite 

images etc (JiaWen, et. al., 2016). This is the organized type of data collected from 

remotely sensed items and provided as spatial and non-spatial data, understood by 

the end user. Satellite data pre-processing including geometric and radiometric 

corrections, master scene geo-reference by using ancillary data, ground control 

points and co-registered with reference to Survey of India toposheets; image 

processing and enhancements, digital data analysis, etc., was carried out by Erdas 

Imagine (Image Processing Software)  and Geographic Information System (Arc Info 

software). The resulting data has been used to prepare a base map consisting of key 

map elements such as route, drainage, settlements, etc. The WGS 84 UTM projection 

(46N) is used in this analysis. 

Analysis of physical, social and economic data was utilized for risk 

assessment. The different maps were prepared based on digitization, incorporation of 

collateral data, and the final statistics is carried out along with the thematic. The final 

maps are performed based on the 1:5000 scale. Remote sensing data was combined 

into multiple theme layer maps using the Geographic Information System (ArcGIS), 

and it contributes to the components needed to assess and generate the risk maps in  

 A well-developed methodology is important to ensure that 

information obtained through Remote Sensing and GIS is accurate. Each stage of the 
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plan should be based on the methodology employed to ensure the correlation of 

spatial and non-spatial data, which is reliable and accurate in the final phase of 

product generation. In this regard, the research methodology was split into three 

stages, in other words; Laboratory work, fieldwork and post-field analyses work. 

Each of these different stages are briefly described under different heads as follows. 

3.1.1 Pre-Field Interpretation  

Available data such as literature, maps, socio-economic data, meteorological 

data, etc. are obtained from different sources during pre-field work. The study area's 

satellite imagery is also procured. With the help of SOI toposheets, the satellite 

imagery is geo-referenced, and base maps are prepared for different themes. Using 

Erdas image processing software and geographical information system software 

(ArcGIS), digital classification and laboratory analysis are carried out with ArcGIS 

for Contour and slope chart preparations. For field verification, pre-field maps are 

printed out. The flowchart for the image analysis technique is shown in Figure 3.1.1. 

a) Pre -field studies- 

Preparation of the following thematic maps (on scale 1:25000) 

i). Administrative and Road network map. 

ii). Geomorphology & Lineament map. 

iii). Slope, Aspect Map & Contour Map. 

iv). Land use/land cover map  

v). Drainage map. 

 

For landslide susceptibility zonation mapping, the collection and preparation 

of geo-environmental factors as thematic data layers are extremely important (Sarkar 

and Kanungo, 2008). The main purpose of incorporating multiple information 

sources is to obtain more reasonable consequences in the evaluation of many 

environmental issues (Archana and Kausik, 2013).  From satellite data associated 

with field work, ten thematic layers will be prepared for Landslide Susceptibility 

zonation (Qualitative approach). Landslide susceptibility mapping or zonation is the 
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sub-division of an area into zones that have a distinct probability for landslide 

prevalence (Shano, 2000). 

3.1.2 Field work 

Quickbird satellite imagery having a spatial resolution of 0.25m and Cartosat-

I 2009 stereo-paired data having a spatial resolution of 2.5m was used as the main 

data source. The geological field work involved in the correlation of aerial data with 

actual environment and ground truth, by using hand-held GPS, and other field 

equipment such as brunton compass to measure dip-strike directions and rock type 

identification. 

The work involves preparation of pre-field maps, field-based studies, post-

field studies, data integration and modelling in GIS for generation of landslide 

susceptibility maps.  

A very significant aspect of the Remote Sensing technique is field 

verification or compilation of ground truth (Guzetti, et. al., 1999). During the field 

visit, important ground information was gathered and dubious areas on the 

interpreted pre-field maps are checked on the ground. During the fieldwork, some 

information that can’t be accessed on the satellite image, such as comprehensive data 

on societal and vital infrastructure, etc., was collected. The hand-held GPS was used 

to record the geographical position in the field area of interests. 

The majority of the landslides that were recorded and validated in the field 

were shallow translational debris/rock slides with a slip plane depth of less than 5 

metres. Because most landslides occur on the road's upslope, they have a very short 

or no run out distance because the road provides a horizontal base for debris 

accumulation. Slope failures that occur downslope, below the road as a result of 

material dumping, on the other hand have a longer runout distance. These kinds of 

slope failure are very common in areas where small stream/nalas toe erosion is 

present. In comparison, during the monsoon months, these slope failures are very 

common and high (May to September). The main triggering factors of landslides in 

the study region are rainfall and anthropogenic activities. During the monsoon 

months, the number of slope failures caused by rainfall combined with the inherent 
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causative factors is extremely high. The number of 55 landslide locations were 

identified which includes both recent landslides and past landslide locations spread 

throughout the study area. 

 

3.1.3 Preparation of Landslide Inventory Map 

The following measures were used for mapping a landslide in Arc GIS 10.2 

and constructing its inventory attribute. 

i. Every section of the study area was viewed on Google Earth and Quickbird 

Satellite imagery for the entire time available. Once a landslide has been detected, it 

is labelled as a point. The points are then saved as a.kml file format and imported 

into ArcGIS and converted using the  "conversion" function in ArcGIS so as to make 

it compatible to integrate it with our various other data and thematic layers.. The .kml 

to layer conversion is performed first in Arc GIS, and then the layer data is exported 

as a shape file or directly to the geo-database in Arc GIS after the .kml to layer 

conversion. The WGS 84 UTM projection (46N) is used in this analysis. Any change 

or shift in the landslide's spatial position due to shifts in the multi-temporal images of 

Google Earth data is manually changed. Landside inventory was first done along the 

road and settlement area in which recent and dormant landslide were identified, 

analyzed and plot in a GIS environment. 

3.1.4. Post–Field Interpretation  

Software 

 1. Erdas Imagine version.10.5for geo-referencing of scanned maps, digitizing  
                & creating raster and vector layers. 

 2. Arc Info Workstation for editing the layers.  

3. ARCGIS 10.1/10.5 for modelling and to prepare the layouts.  

4. ARCMAP 10.1/10.5 for integration of AHP tool for data analysis & 
generation of Landslide Susceptibility zonation map and Area Under 
Curve (AUC) Tool for assessing and checking the results. 
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3.1.5 Data Used 

Quick bird satellite data having spatial resolution of 0.25 m was used as the main 

data.  

The Indian Remote Sensing Satellite (IRS-P5) stereo-paired Cartosat-I data having 

spatial resolution of 2.5 m was also used. Both of these Imagery were obtained from 

the state remote sensing centre MIRSAC, Survey of India Toposheet, No. 84A/15 

and various ancillary data was also correlated in the study area and Google earth 

imagery were also used in the preparation and correlation of thematic maps. The 

Rainfall and Temperature data were obtained from the State Meteorological Centre. 

a) Post-field studies and modelling 

The pre-field maps are finalized by making required corrections and 

modifications after field verification. Different information obtained from the field is 

studied and analyzed. The derived layers are prepared by using two or more primary 

layers after finalization of the primary layers. To obtain area statistics, area 

measurement is also performed. Finally, statistics are created and different danger 

zones within the town are prepared. The process of post-field studies involves: 

i. Updation of thematic and inventory maps in GIS. 

ii. Data integration and generation of Landslide Susceptibility Score map in  

GIS. 

iii. Preparation of Landslide Susceptibility Map in GIS. 

Mostly landslides in the area are observed within weathered debris. It is 

probably because of presence of a thick weathered overburden cover, having poor 

cohesive character, gets saturated during rains, which lead to increase in high pore-

water pressure and liquefaction, resulting in ultimate failure of slopes (Chawla, 

2018). When the road is at lower levels, the road cutting is within a thick cover of 

riverine material consisting of boulders, pebbles and sand. During rains, such 

riverine material tends to flow down, blocking the road. At some places, where 

bedrock is exposed, landslides are present within bedrock, because of their highly 

weathered nature or when the bedding/ joint planes get day lighted along the dip 
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slopes. Landslides may be classified as per their type of relative movement, 

composition of slope forming material, etc. These landslides are either man made or 

natural, form as a part of a continuous process of levelling the earth surface. Many 

landslides occur naturally due to geological agents. Landslide also takes place due to 

human interference manifested in the form of excavations, constructions and 

deforestation etc. Both types of slides are present in the area. Landslides occurred in 

surficial overburden material are called overburden slides. Landslides affecting the 

bedrock are called rock slides. Since the thickness of overburden in the area is 

considerably high, overburden slides are more prominent than rock slides in the area. 

In addition, landslides are also classified based on the type of relative movement, 

viz., falls, slides and flows. Most of the landslides observed in the area and discussed 

here are slides and flows. As the development process and remedial measures of 

several landslides differ widely, a proper identification and detailed study of 

individual slides is essential for ameliorating and/ or mitigating the hazards. 

The geo-environmental factors like slope morphometry, land use/land cover, 

geomorphology, lithology and geological structure are found to be playing 

significant roles in causing landslides in the study area. These five themes forms the 

major parameters for landslide hazard zonation and are individually divided into 

appropriate classes. Individual classes in each parameter were analysed to establish 

their relation to landslide susceptibility. Weightage value is assigned for each class 

based on their hazard to landslide in such a manner that less weightage represents the 

least influence towards landslide occurrence, and vice versa. The assignment of 

weightage value for the different categories within a parameter is done in accordance 

to their assumed or expected importance in inducing landslide based on the apriority 

knowledge of the experts. In addition, ground information regarding landslide 

occurrences within the study area will also consider. All the thematic layers was 

integrated and analyzed in a GIS environment to derive a landslide susceptibility 

map.  

The flow-chart of the methodology for interpreting imagery is shown in 

Figure 3.1. The satellite data acquired from MIRSAC was first interpreted using 

ERDAS Imagine software and geo-referenced to correct any shifts in the digital 

image. The flowchart of the methodology of preparation of various thematic layers is 
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shown in Figure.3.2. and the flow chart shows the process of Landslide susceptibility 

assessment using Analytical Hierarchy Process (AHP) developed by Saaty (1980) is 

shown in Figure 3.3. 

 

Figure 3.1. Methodology for satellite image interpretation of the study area. 

Satellite Data 

Geometric 
correction/adjustments 

Digital 
Classification/Interpretation 

Ground Survey and 
Verification 

Landslide Inventory 

Generation of Statistic and 
Maps 
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Figure 3.2. Flowchart for methodology applied in compilation of various thematic 

layers. 

 

Preparation of  Maps from Satellite 
data on 1:5000 Scale Evaluation of the Causative Factors 

Thematic Layer analysis Digitization and Integration of 
thematic layers 

Generation of Final Map on 1:25000 
Scale 
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Figure 3.3. Flow chart for the susceptibility analysis in the study area. 
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3.2 Preparation of Thematic Maps 

Landslides occurrence are influenced by the interaction of topographic, 

hydrological and geological factors, therefore, the selection of the causative factors is 

considered to be a fundamental step in the susceptibility mapping. In this study, 

based on analysis of the landslide inventory map and the underlying geo-

morphometric conditions, a total of ten landslide-causative factors commonly found 

in literature were firstly derived. These ten factors were extracted from their 

respective spatial database. To be commensurate with the diversity of the data source 

and difference in the scales, we converted all the factors to a raster format with a cell 

size of 30 cm. 

3.2.1 Morphometric factors 

CartoSat-1 Stereo pairs having resolution of 2.5m was used to derive 

elevation, slope angle, slope aspect and contour. 

Elevation is widely used for the assessment of landslide susceptibility. The 

variation in elevation may be related to different environmental settings such as 

vegetation types and rainfall. Slope angle is typically considered to be one of the 

influential factors for landslide modelling because it controls the shear forces acting 

on hill slopes. Slope aspect, that relates to sunlight exposure and drying winds 

control the soil moisture were also considered an important factor in landslide 

studies. All of them were found to have influence the triggering of landslides.  

Aspect, slope, faults (lineament) and elevation maps were classified into 

different classes using natural breaks method in Arc GIS. The road, drainage, faults, 

Landuse/Land cover map, geomorphology, lithology, slope, aspect, landslide 

locations and building infrastructures were all digitized on 1:5000 scale using Survey 

of India topographic sheets and satellite imagery such as Quickbird Satellite imagery 

having resolution of 0.25m which were obtained from MIRSAC. The map scale is 

down to 1:25,000 scale for representation purpose. The proximity to drainage, road 

and fault were created by using 50-m buffer zone. The distance buffering from all 

these layers were calculated using "Euclidean distance" technique in GIS. It gives the 
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distance for each cell in the raster to the closest source. The Euclidean distance tools 

give information according to Euclidean or straight-line distance; The Euclidean 

distance is calculated from the centre of the source cell to the centre of each of the 

surrounding cells. Lithological map of the study area was compiled and the vector 

layer of lithological map was converted into raster layer for compatibility to other 

raster layers in accordance to the requirement of the weighted overlay tool provided 

in the ArcGIS software. 

3.2.2 Slope Map 

 The slope angle is considered as one of the most important parameter in the 

slope stability analyses (Lee and Min, 2001). The slope angle map was derived from 

the 30m Cartosat DEM (modified to 30m × 30m pixel size) by using Arc GIS 10.2 

the landslide initiation is affected by different directions of the slope angle (Gupta, 

et. al., 1999). For the susceptibility study, the slope map is prepared with the help of 

Cartosat DEM image using GIS domain and classified into six slope categories of the 

study area.  

3.2.3 Aspect Map 

Slope Aspect is another important event conditioning parameter that has been 

studied by a number of researchers (Nagarajan, et. al., 1998). Various hydro-

meteorological events, such as the amount of sunlight, precipitation, and the 

topography of the region, influence the initiation of landslides. The amount of 

rainfall that falls on the slope's hillsides is related to its filtration capability, which 

can be influenced by a variety of factors including the slope's topography, the 

permeability of the rock structure, porosity, moisture retention, organic ingredients, 

land use, and the climatic season. For this study, the slope aspect map is prepared to 

represent the relationship between aspect facing and occurrence of landslides. The 

slope aspect map is classified with the help of Cartosat DEM using aspect tools 

under spatial analyst tool in ArcGIS 10.2 platform. The aspect map is classified nine 

classes such as Flat, North, Northeast, East, Southeast, South, Southwest, West, and 

Northwest.  
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3.2.4 Topographic Maps 

 The use of elevation contour lines to represent the shape of the Earth's surface 

is known as a topographic map. Elevation contours are imaginary lines that link 

points on the surface of the land that are the same elevation above or below a 

reference surface, which is normally mean sea level (IJGG, 2019). Contours indicate 

the height and shape of mountains, the depths of the valleys, and can also depict the 

steepness of slopes. 

Numerous ground features are identified on topographic maps, which can be 

classified into the following categories: Relief is characterized by contours and 

includes mountains, valleys, slopes, and depressions. Lakes, rivers, streams, swamps, 

rapids, and falls are all forms of hydrography. Wooded areas are the most common 

type of vegetation commonly observed in the vicinity of the study area as reserved 

forest.  

3.2.5 Geology-related factors 

a) Lithology 

Lithology is considered as one of the most influential factors in landslide 

susceptibility mapping because of its influence on the geo-mechanical characteristics 

of a terrain. The lithology and faults were derived from the geology map at 1:25,000 

scale obtained from MIRSAC for the present study. The lithological units found were 

shale and sandstone alteration, crumpled shale and Sand-Silt alterations all of which 

belong to middle bhuban formation and upper bhuban formation of Surma group of 

rocks. 

When shale is exposed to water near the ground surface, it weathers into a 

clayey soil that is susceptible to landslides. Slumps and earth flows are common in 

shales and the soils that develop on them. Sandstones, which are rocks composed of 

sand-sized grains, may be soft and loosely cemented or hard and resistant.  
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b) Distance to Fault 

Landslides triggered by earthquakes are mainly focused along the 

seismogenic fault, with the fault controlling the spatial distribution pattern. (Keefer 

2000; Xu and Xu, 2014).It is found that geological boundaries often relates to the 

rock strength. A high density of geological boundary means lower stability and may 

lead to increase in landslide occurrences. The closer the geological boundary, the 

higher the probability for landslide occurrence. All faults have been regarded as a 

critical factor in triggering landslide in tectonically active areas. Additionally, the 

strength of fracturing and shearing stresses crucially influence the slope instability 

(Refahi, 2000; Bouma and Imeson, 2000). Hence, distance to faults was also 

considered as one of the most important factors in this study to investigate the 

relationship between lineaments and landslide occurrence. 

c) Geomorphology 

Serchhip town is characterized by several low and high undulating hillocks of 

various dimensions. A main ridge line runs through almost the entire town area in a 

north-south direction with a number of spurs oriented mainly in the east-west 

directions. Several streams and nalas made their way through these spurs, dividing 

them into a number of facets. Geomorphologically, the whole area is made up of 

structural hills of various heights and dimensions. The township's location is such 

that it is almost at the central part of the state geographically around the town the 

dissected topography is quite visible with high, sharp ridges having steep slopes and 

deep narrow gorges with intermittent intermontane valleys indicating towards the 

presence of an immature topography. The narrow valleys have been carved out in the 

softer formation of shale and siltstones. Physiographic ally the highest spot in the 

area is Serchhip Tlang which is about 1230 m. above mean sea level and the lowest 

spot is at about 610 m. above the mean sea level situated in the north-eastern part of 

the town. 

3.2.6 Distance from the drainage 

The alignment of rivers or streams in any hilly mountain area plays an 
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important role in landslide initiation, especially ‘bank erosion and toe cutting' (Miller 

and Sias, 1998). Drainage buffers are calculated using the Euclidean distance tool in 

ArcGIS and a shapefile of drainage lines. Six buffer groups have been created for 

this analysis, each corresponding to the distance from the drainage. Natural jenks 

(break) is used to classify the groups. The current study discovered that landslide 

triggering is in direct correlation to the distance from the drainage.  

3.2.7 Distance from the Road  

Another significant anthropogenic factor in the generation of landslide 

susceptibility mapping is roads (Yalcin, 2008). Since it increases stress and strain on 

the slope, road construction can cause slope disturbance. Uncontrolled rock cutting 

has caused many landslides along the road corridor .most of the landslides were 

discovered along the road corridors in this study. The majority of the landslides that 

impact the road are caused by slope cutting that are left unsupported and vulnerable 

to collapse during the rainy season. Several slides have been observed along the 

study area's road section.  

All of the landslides that have been mapped are rock or debris slides that have 

been caused by heavy rainfall on a wide slope cut area .The slide material is mainly 

made up of younger loose debris combined with weathered rock debris. During the 

peak monsoon season, when the exposed overburden mass resting on the cut slopes 

and highly sheared / weathered rocks are heavily charged with percolated water, 

causing oversaturation conditions, especially in areas with poor surface drainage, 

pore pressures develop, resulting in a reduction in the shear strength of the slope 

forming materials.  

Another factor contributing to road collapse during the rain is unplanned 

dumping of slide material on the downslope of the road from the slide, as well as 

deforestation on the slope of the road. The distance from the road is calculated using 

Quickbird satellite image and six buffer classes are created using Euclidean distance 

tools in the ArcGIS domain at natural jenks intervals. According to geospatial data 

analysis, the majority of landslides occurred within 456 metres of the route, with the 

highest landslide frequency rate along the road corridor.  
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3.2.8 Land-use 

Landslide initiation is often influenced by land use (Neuroni, et. al., 2013; 

Bchari, 2019). The area's slope stability is also controlled by the land cover. Long-

term, vegetative cover can help to prevent slope instabilities. Due to natural 

anchoring, a well-distributed root system increases the shearing resistance of the 

slope material. Furthermore, since the plant's root network draws water from the soil 

mass to fulfilled its metabolic activities including photosynthesis and transpiration, 

the moisture content of slope material remains under control (even during natural 

precipitation cycles). The hill slopes in the study area are comprised of overburden 

material such as colluvium and/or highly weathered mantle of shallow thickness, 

whereas a dense vegetation or grass cover can mitigate the impact of physical 

weathering and subsequent erosion, thereby increasing the slopes' stability. 

Conversely, barren or sparsely vegetated slopes are more susceptible to weathering 

and erosion makes them more susceptible to failure. This aspect is one of the most 

important factors to consider when determining landslide susceptibility mapping. 

Vegetation covers, for example, improve soil strength by reinforcing the roots. It has 

a lot of potential for lowering the rate of slope failure (Begueria, 2006). Satellite 

imagery is useful for recording land features directly from the ground. Such 

information was gathered for this analysis using high-resolution satellite images. The 

study area is divided into six land-use groups based on remote sensing data analysis 

which includes shifting cultivation, agricultural land, Built-up area, Evergreen forest, 

forest open area and wasteland/scrub areas. Thus it is noticed that the Built-up area 

and sparsely vegetated land areas are most vulnerable to landslides, with very low 

frequency in the densely vegetated land area.  

The rate of weathering and erosion is regulated by the land use / land cover 

pattern, which is one of the most significant parameters regulating slope stability 

(Anbalagan, et. al., 2008). Built-up areas were found to be most vulnerable to 

landslides as compared to all the other groups (Pandey, et. al., 2008), while dense 

vegetation areas were found to be less prone to landslides (Pandey, et. al., 2008).  
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3.2.9 Distance from Infrastructures 

It is a general observation in the area that all residential constructions are 

mostly confined to top or higher levels of hill / ridge. In the process, the top reaches 

are levelled for winning over space and muck collected and dumped along immediate 

upper slopes around top of ridge. In later stages, when the residential area is 

expanded, it so happened that some of the later construction were made on loose 

muck, dumped earlier along hill slopes. Since the muck / spoil are unconsolidated 

and unprotected, any constructions built on it are prone to stability related problems. 

Indiscriminate excavation of slopes for construction of roads and buildings, removal 

of soil and rocks, levelling of slopes generally promote slope failures. Instability 

along hill slopes either develops by removing toe support or because of 

discontinuities gets day-lighted along cuttings. Along these cut slopes, infiltrating 

rain water act as lubricant leading to instability of ground mass. 

It is a matter of great concern that a number of multi-storeyed buildings are 

being built, precariously perching over vulnerable slopes of ridges. The cutting of 

slopes for locating the structures, the weight of structures, improper drainage / 

sewerage system, heavy rainfall in the area and the cumulative effect of all these 

factors over a period of time, could be a constant threat to the structures. 
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           CHAPTER 4   -    RESULTS AND DISCUSSION  
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4.1 Susceptibility and risk assessment analysis 

In its report submitted in September 2000, the Task Force on Landslide 

Hazard Zoning set up by the Ministry of Mines, the Government of India, suggested 

that the scales of landslide hazard zonation maps should be agreed to bear in mind 

the purpose for which they are to be used. The Task Force defined three scale levels 

for the purposes of landslide susceptible zonation maps. 1 cm on the map represents 

25,000 cm on the ground. 

1. Macro – 1:50,000 or 1:25,000  

2. Meso – 1:15,000 or 1:10,000  

3. Micro – 1:5,000 or 1:2000 

In the spatial modelling of landslides, the selection of conditioning variables 

is often referred to as the selection of attributes (Finlay, et. al., 1999). In a GIS 

environment defined by different thematic layers, which include geological, 

morphometry, hydrological and environmental parameters, and by synthetic 

parameters derived from discretizing, reclassifying or performing statistical 

operations on inputs. 

The majority of the landslides that were recorded and validated in the field 

were shallow translational debris/rock slides with a slip plane depth of less than 5 

metres. Because most landslides occur on the road's upslope, they have a very short 

or no run out distance because the road provides a horizontal base for debris 

accumulation. Slope failures that occur downslope, below the road as a result of 

material dumping, on the other hand have a longer runout distance. These kinds of 

slope failure are very common in areas where small stream/nalas toe erosion is 

present. In comparison, during the monsoon months, these slope failures are very 

common and high (May to September). The main triggering factors of landslides in 

the study region are rainfall and anthropogenic activities. During the monsoon 

months, the number of slope failures caused by rainfall combined with the inherent 

causative factors is extremely high. The number of 55 landslide locations were 

identified which includes both recent landslides and past landslide locations spread 
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throughout the study area. The various landslide incidents in the form of field 

photographs are shown below as Plate A and B. 

 

 

Location : Serchhip VC 3 

     Location : New Serchhip Location : Chhiahtlang VC Location : Serchhip VC 4  

Plate A -  Field information through Photographs 
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4.2 Results generated from various Thematic Layers 

 Based on the analysis and interpretation of the various thematic layers which 

we have selected for our study, the following statistics and maps showing different 

classes within each factor affecting landslides were generated using satellite images 

by ArcGIS software. 

4.2.1 Slope Map 

 Based on the landslide data analysis (Table 4.1), most landslides had occurred 

in 12˚ − 20˚ of the slope angle and 20˚ - 27˚ of the slope angle which makes up 

20.16% and 24.16% of the total area and accounts for 27% each with 15 landslides in 

each zones. The reason as to why landslides occur more often in these areas may be 

attributed to other landslide causing factors such as the drainage, lithology, land use 

land cover, etc. All these factors combined can make an area very unstable inspite of 

the low slope angle. The distribution of landslides on different parts of the slope is 

shown in Figure 4.1. 

 

 

Table 4.1. Slope Statistics in the study area. 

 

 

Slope Area (Sq.km) Area % Landslides No. % 

0-12 2.904 12.141 3 5.455 

12,-20 4.822 20.161 15 27.273 

20-27 5.78 24.166 15 27.273 

27-33 5.193 21.712 10 18.182 

33-41 3.747 15.666 9 16.364 

41-66 1.472 6.154 3 5.455 

Total 23.93 100 55 100.000 
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     Figure 4.1. Serchhip Slope Map of the Study area. 
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2.2 Aspect Map 

The slope aspect map is classified with the help of Cartosat DEM using 

aspect tools under spatial analyst tool in ArcGIS 10.2 platform. The aspect map is 

classified into nine classes such as Flat, North, Northeast, East, Southeast, South, 

Southwest, West, and Northwest (Table 4.2 ) in the study area. Based on the spatial 

analysis majority of the landslides occurs on the Northeast, North and Southeast 

aspect. Landslides is dispersed throughout all the facet where the Southwest face 

have the most number of landslides with 12 (21.8%) follow by the East face with 

11(20%), South with 9 (16.36%), Southeast, West and Northwest with 6 (10.9%) 

each and North and northeast with 2 (3.63%) and 3 (5.45%) respectively as can be 

seen in Table 4.2 and the same is shown in Figure 4.2. 

 

    Table 4.2. Slope Aspect Statistics in the study area. 
 

 

 

 

 

 

 

 

 

 

 

 

Aspect Area(Sq.km) Area % Landslides No. % 

Flat 0.015 0.063 0 0.000 

North 2.699 11.286 2 3.636 

Northeast 3.092 12.929 3 5.455 

East 2.987 12.489 11 20.000 

Southeast 2.508 10.487 6 10.909 

South 2.442 10.209 9 16.364 

Southwest 2.475 10.348 12 21.818 

West 2.775 11.602 6 10.909 

Northwest 4.924 20.587 6 10.909 

Total 23.93 100.000 55 100.000 
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Figure 4.2. Serchhip Slope Aspect Map of the study area. 
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4.2.3 Topographic Maps 

In our study area the highest area lies at a distance of 1248 m from sea level 

and elevation ranging from 1141 – 1248 m covers an area of 4.056 sq.km which is 

16.94% of the total study area and no landslide is observed in this zone, Maximum 

landslide locations of  31 spots are located in elevation range of 823-929 m which 

covers 4.395 sq.km and 18.36% of the study area and host 56.36% of the landslides 

occurring in the study area followed by 14 landslides in the area with elevation range 

of 929 - 1035 m covering 6.273 sq.km and accounts for 26.21% of the study area and 

25.45% of the landslides and 9 landslides in the elevation range of 717-823 m which 

occupies an area of 1.936 sq.km and 18.36% of the study area having 16.36% of 

landslides within the study area (Table 4.3., Figure 4.3). The contour map depicting 

various elevations within the study area is shown in Figure 4.4. 

     Table 4.3. Elevation Statistics in the study area. 

Elevation Area 
(Sq.km) 

Area % Landslides No. % of 
Landslides 

1141-1248m 4.056 16.948 0 0.000 

1035-1141m 6.201 25.913 1 1.818 

929-1035m 6.273 26.212 14 25.455 

823-929m 4.395 18.368 31 56.364 

717-823m 1.936 8.090 9 16.364 

611-717m 0.861 3.597 0 0.000 

Total 23.93 100.000 55 100.000 

   

 

 

 



61 

 

              Figure 4.3. Serchhip topographic elevation map of the study area. 
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 Figure 4.4. Contour Map of the study area. 
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4.2.4 Lithology 

Based on our analysis from lithological data (Figure 4.5.), Shale and 

sandstone alteration forms majority of our study area with 21.436 sq.km (89.5%) and 

also hosts the most number of landslides with 35 (63.6%),followed by Crumpled 

shale with an area of 1.173 sq.km (4.9%) with a total of 14 (25.45%) landslides, 

Gravel/sandstone/silt alteration with 0.066 sq.km (0.27%) with 3 (5.45%)  landslides 

and sandstones with a 1.247 sq.km area and also 3 (5.45%) of the landslides (Table 

4.4.). 

 

         Table 4.4. Lithological statistics of the study area. 

Lithology Area(Sq.km) Area % Landslides 
No. 

% of 
Landslides 

Crumpled shale 1.173 4.902 14 25.455 

Gravel/sand/silt 0.066 0.276 3 5.455 

Shale & 
sandstone 21.436 89.579 35 63.636 

Sandstone 1.247 5.211 3 5.455 

Total 23.930 100.000 55 100.000 
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Figure 4.5. Serchhip lithological map of the study area. 
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4.2.5 Distance to Fault 

In our study, we have observed several faults within our study area (Figure 

4.5.). The majority of landslides occurs within the vicinity of a fault and decreases as 

we move further away from the fault. At a distance between 0-290 m from the fault 

we observed a total of 36 landslides which is 65.45% of the whole landslide 

inventory and at a range of 290-600 m from the fault occurrences 14 (25.4%) 

landslides were identified and 5 (9.09%) of landslides were observed as distance 

from fault increases upto  929 m ( Table 4.5). 

 

Table 4.5. Fault buffer statistics in the study area. 

Fault buffer Area(Sq.km) Area % Landslides No. 
% of 

Landslides 

0-290 m 12.283 26.654 36 65.455 

290-600 m 9.885 21.450 14 25.455 

600-929 m 8.743 18.972 5 9.091 

929-1267 m 7.687 16.681 0 0.000 

1267-1661 m 4.701 10.201 0 0.000 

1661-2393 m 2.784 6.041 0 0.000 

Total 46.083 100 55 100.000 
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Figure 4.6. Fault buffer map of the study area. 
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4.2.6 Geomorphology 

Highly dissected structural hills is found to be the most dominant landform in 

our study area as it occupies 17.186 sq.km which forms 71.81% of our area and as a 

result produced 49 landslides out of the total 55 landslides locations with less 

dissected hills only accounting for 6 (10.9%) of  the total  landslides (Table 4.6). 

 

 Table 4.6. Geomorphological statistical information of the study area 

Geomorphology Area(sq.km) Area % Landslides No. 
Landslides 

Area % 

Fracture valley 0.362 1.511 0 0.000 

Highly dissected 17.186 71.818 49 89.091 

Inter montane valley 0.214 0.896 0 0.000 

Less dissected 5.864 24.504 6 10.909 

Moderately dissected 0.283 1.183 0 0.000 

Total 23.93 100 55 100.000 
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Figure 4.7.  Serchhip geomorphologic map of the study area. 
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4.2.7 Distance from the drainage 

The highest landslide frequency intensity is observed within 130 metres of 

the drainage which occupies 20.40 sq.km and 44.26% of the area and there are 45 

landslides which accounts for 81.81%. The landslide frequency rate is observed to 

decrease as the distance from the drainage line increases as there is significant 

decrease of landslides which is 10 i.e. 18.12% in the 130-332 m from the drainage 

(Table 4.7). As a result of the frequency distribution, the majority of the landslides in 

the study region began near the drainage valley. Tuikum and Mat are two important 

major rivers present in the area besides a tributary of Tuikum by the name of 

Mangang river. The drainage pattern is mostly dendritic to sub-dendritic. These 

streams owe their presence to springs which are perennial and emerge in the valleys 

near the crest of the ridges. 

 

Table 4.7.  Drainage Buffer Statistics in the study area. 

Drainage Buffer Area (Sq.km) Area % Landslides No. 
Landslides 

area % 

0-130 m 20.40104 44.268 45.000 81.818 

130-332 m 10.72514 23.272 10.000 18.182 

332-600 m 5.730654 12.435 0.000 0.000 

600-888 m 4.718567 10.239 0.000 0.000 

888-1228 m 3.135779 6.804 0.000 0.000 

1228-1842 m 1.374014 2.981 0.000 0.000 

Total 46.085194 100.000 55 100.000 
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                            Figure 4.8.  Serchhip drainage buffer map of the study area. 
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4.2.8   Distance from the Road  

According to geospatial data analysis, the majority of landslides occurred 

within 456 metres of the route, with the highest landslide frequency rate along the 

road corridor (Figure 4.9). The study discovered that as the distance from the road 

increases the distribution of landslide frequency rate decreases. Within the range of 

0-195m from the road which covers an area of 13.42 sq.km and makes up about the 

entire study area 55 number of landslides were observed which is 100% of the 

landslides we have in our inventory (Table 4.8),  the reason for this is because the 

national highway NH54 runs through the entire length of the area and split the area 

right in the middle and most of the building were constructed along the roads and 

excavation  and cutting  of slope for roads and infrastructure occurs within the direct 

vicinity of the road. This highlights the importance of the relation between landslides 

and their distances from the road. 

      Table 4.8. Distance from road buffer statistics in the study area. 

Road Buffer Area (Sq.km) Area % Landslides No. 
Landslides 

area % 

0-195 m 13.422 29.234 55 100.000 

195-456 m 10.945 23.839 0 0.000 

456-688 m 8.104 17.651 0 0.000 

688-957 m 6.192 13.487 0 0.000 

957-1280 m 4.583 9.982 0 0.000 

1280-1900 m 2.666 5.806 0 0.000 

Total 45.911 100.000 55 100.000 
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Figure 4.9. Serchhip road buffer map in the study area. 
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4.2.9 Land Use / Land Cover 

The rate of weathering and erosion is regulated by the land use / land cover 

pattern, which is one of the most significant parameters regulating slope stability 

(Anbalagan, et. al., 2008). Built-up areas were found to be most vulnerable to 

landslides as compared to all the other groups (Pandey et al., 2008), while dense 

vegetation areas were found to be less prone to landslides (Pandey, et. al., 2008). In 

our study area Forest and open plantation occupies the biggest percentage of area 

with 30.15%, Built up area occupies 18.43 % and shifting cultivation occupies only 

6.40% of our study area. The highest number of landslides occurs within the Built-up 

areas which amount to 65.45% followed by semi-evergreen forest area with 18.18% 

and Wastelands/Scrub areas accounting for 10.9% and agricultural land and forest 

open plantation area occupying 3.63 % and 1.8% .  

Table 4.9. Landuse/Landcover statistics in the study area. 

 

 

 

 

LULC Area (Sq.km) Area % Landslides No. 
% of 

Landslides 

Agricultural land 2.068 8.642 2 3.636 

Built-up Area 3.936 16.448 36 65.455 

Semi evergreen Forest 5.322 22.243 10 18.182 

Forest open plantation 7.216 30.157 1 1.818 

Shifting cultivation and 
others 1.532 6.403 0 0.000 

Wastelands and Scrubs 3.854 16.107 6 10.909 

23.93 100 55 100.000 
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                  Figure 4.10. Serchhip Landuse/Landcover map of the study area. 
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 4.2.10 Distance from Infrastructure 

 In our study we have observed the role that a physical structure have played 

in causing landslides as shown in Figure 4.10 where the spatial distribution of 

landslides is always near constructions of building infrastructures and shows that 

96% of landslides occurs within a distance of 0-278 m from the physical man-made 

structures and can be attributed as one of the main landslide inducing factor as shown 

in Table 4.10. It can be said that almost all landslides occurring in our study area can 

be attributed to landslide occurring due to the human activities involved with 

constructions such as cutting of slope, improper designs of buildings and lack of 

regulations. This various anthropogenic activities related to landslides coupled with 

other factors such as lithology, slope and drainage further increases the landslide 

susceptibility. 

We have performed an extensive fieldwork in which we have identified all of 

the building in our area and classify them into three main types such as RCC or 

reinforced concrete cement type, Semi-concrete and Assam type buildings as shown 

in Figure 4.9 and identified the dominant type for each of the village councils or 

zones for risk assessment. (Table 4.10). 

               Table 4.10. Building statistic information in the study area. 

 

 

Building Buffer Area(Sq.km) Area % Landslides No. 
Landslide 

area % 

0-278 m 11.777 49.216 53 96.364 

278-598 m 10.943 45.730 2 3.636 

598-948 m 0.617 2.576 0 0.000 

948-1330 m 0.191 0.797 0 0.000 

1330-1773 m 0.002 0.008 0 0.000 

1773-2629 m 0.356 1.486 0 0.000 

Total 23.93 100.000 55 100.000 
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Table 4.11. Table showing the various types of buildings in the study area. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                VC = Village Council; RCC = Reinforced concrete cement. 

 

Building Type Building Nos. Dominant 
Vc 1 

Rcc 66 
Semi 95 

Assam 260 Assam type 

   Vc 2 
Rcc 106 Rcc type 

Semi 56 
Assam 197 

 

Vc 3 
Rcc 146 

Semi 81 
 Assam 388 Assam type 

Vc 4 
Rcc 252 

 Semi 183 
Assam 463 Assam type 

Vc 5 
Rcc 203 

Semi 122 
Assam 499 Assam type 

   Vc 6 
Rcc 156 

Semi 119 
Assam 665 Assam type 
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                               Figure 4.11. Types of buildings in the Serchhip town area. 
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  Figure 4.11. Building buffer map of Serchhip town area. 
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4.3 Modelling Approach and Susceptibility Mapping 
 

A qualitative landslide susceptibility map was prepared in this study by utilizing 

the Analytic Hierarchy Process (AHP), a simple knowledge-based method for a 

location with a limited number of landslides. The lack of a consistent spatial 

distribution of landslides in the study area, as landslides occur in agglomeration in 

and around the Serchhip township and its roads, facilitates the use of simple 

knowledge-based methods. For the landslide susceptibility zoning in Serchhip town 

using GIS, Analytical Hierarchy Process (AHP) has been used with the concept of 

ranking and weight. Analytical Hierarchy Process is preferred where the numbers of 

themes/conditional factors are analyzed to achieve a common goal, i.e. assessment of 

landslide susceptibility. When decision is evaluated quantitatively, the AHP approach 

is more accurate and reliable. It is an approach to decision-making multi-objective 

multi-criterion, which allows the user to arrive at a scale rather pulled off a set of 

alternative solutions (Saaty, 1980). When presented with a complicated decision-

making process, it is believed that humans' natural response is to group the decision 

components as per common features. This entails ranking the decision elements and 

then using a matrix to compare each pair in a group. 

There are three tiers of hierarchy in the AHP. The first level of the hierarchy is the 

decision maker's goal; the second of priority is to determine how each of the existing 

criteria contributes to the goal's achievement; and the third is to evaluate how each of 

the options contributes to one of the criteria. 

The Rank decides within a subject, i.e. a conditional factor, the contribution 

of one unit over another. High slope angle contribute more to the susceptibility of 

landslides than low angle slopes. For the purposes of the rank study, values range 

from 1 to 9 considered as a suitable scale range used for the present study. The 

weightage determines the choice or priority of one conditional factor over another. 

During the GIS analysis, weightage and rank values help to illustrate the 

contributions from a particular theme and in between various units within a theme. 

To achieve the best fit between the area's on-recorded landslide occurrences and the 

corresponding inferred Landslide susceptibility map further, the values of ranking 

and weightages need to be updated with ground reality. As per the risk factor 
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corresponding to it, the map should include different zones. The WLC (Weighted 

Linear Combination) is a tool that incorporates qualitative and quantitative 

techniques. This technique (WLC) is a common tool that can be customized in GIS 

environment and a useful method for combining maps in a number of ways. As a 

result, the score tables and map weights can be changed based on the domain 

expert's judgment. To begin, this method necessitates the standardization of each 

factor's classes to a common numeric range. According to the field observations and 

current literature, each factor rating is based on the relative significance of each 

class, which indicates the conditions as highly susceptible to slope failure. 

 
 

Table 4.12. The parameters of importance for the preparation of land 
susceptibility (After Saaty, 1980). 

 

 
 
 

4.4 Assigning Weightage 

 

As has been seen, the contribution of one unit to another is decided within a 

theme until now (conditional factor). The determination of the relative value or 

Assigned 
Value 

Definition Explanation 

1 Parameters of equal Importance. Two parameters contribute equally to 
the objective. 

3 Parameter ‘i’ is moderately more  
important compared to parameter 
‘j’ 

One decision element is moderately 
more influential than the other. 

5 Essential or strong importance of 
parameter ‘i’ compared to ‘j’ 

Experience and judgement strongly 
favour to parameter ‘i’ over ‘j’ 

7 Demonstrated importance Criteria ‘i’ is very strongly favoured 
over ‘j’ and its dominance is 
demonstrated in Practice 

9 Absolute importance The evidence favouring parameters ‘i’ 
over ‘j’ to the highest possible order of 
Affirmation 

2, 4, 6, 8 Intermediate values between two 
adjacent judgement 

Judgement is not precise enough to 
assign values of 1,3,5,7 and 9 
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weight of each factor and its effect on the other, in our case landslide susceptibility, 

is a classic problem in decision theory or multi-parameter analysis. This is a dilemma 

that necessitates a combination of human judgement and mathematical methods 

(Jazouli, et. al., 2019). 

 

Since not all of the conditional variables discussed so far can be weighted 

equally for susceptibility testing, a weighted approach must be used, with the relative 

value of the parameters determining the weightage (Basharat, 2016). 

 To deal with such issues, there are a range of options. In this analysis, we will 

use Saaty's Analytic Hierarchy Process (Saaty, 1980), also known as AHP, a 

commonly used method for scaling parameter weights by constructing a pairwise 

comparison matrix of parameters whose entries indicate the intensity in which one 

variable dominates over another. 

The value matrix is developed from the pairwise comparison matrix of 

parameters, which is based on a scale of significant intensities and will be generated 

based on our current understanding of the conditional factors. 

According to Saaty's guidelines, importance matrices for ten factors were 

created: slope, aspect, Buildings, Landuse/Landcover, Geomorphology, Drainage, 

Lithology, Geological structures, elevation, and distance to road. On a scale of 1 to 9, 

each criterion is compared to the other criteria, relative to its significance, in a 

pairwise matrix.  In this case, 1 denotes a tie in preference between two factors, 

while 9 denotes a strong preference for one factor over the other. It is a tool for 

assigning a numerical and objective value to the various geo-environmental variables 

that influence the occurrence or non-occurrence of landslides. As a result, it can be 

used to weight these variables in landslide susceptibility models that are linear. 

Pair Wise Comparison in the study is a matrix from the 10 comparisons 

(factors). Because we have 10 comparisons, thus we have 10 by 10 matrix. The 

diagonal elements of the matrix are always 1 and one needs to fill up the upper 

triangular matrix. If the judgment value is on the left side of 1, we put the actual 

judgment value. If the judgment value is on the right side of 1, we put the reciprocal 

value. In order to develop a landslide susceptibility model and to provide a means to 
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define the factor weights in the linear landslide susceptibility model, the importance 

of matrices for ten factors were generated based of Saaty’s (1980) guidelines is 

calculated as shown in Table 4.13. By varying the importance for a set of two factors 

at a time importance matrix table has been generated in Table 4.14. 

 

  Table 4.13. Pairwise Comparison matrix of the thematic factors. 

Sl. No 1 2 3 4 5 6 7 8 9 10 
1 1.0 3.00 3.00 7.00 1.00 3.00 3.00 0.14 2.00 5.00 
2 0.33 1.0..0 0.50 1.00 0.50 0.50 1.00 0.14 5.00 3.00 
3 0.33 0.33 1.0.0 7.00 5.00 3.00 1.00 1.00 5.00 3.00 
4 0.14 0.50 0.14 1.0. 0.33 0.50 1.00 0.14 1.00 0.50 

5 1.00 2.00 0.20 3.03 1.0 5.00 3.00 0.50 1.00 1.00 
6 0.33 2.00 0.33 2.00 0.20 1.0 3.00 1.00 5.00 3.00 
7 0.33 1.00 1.00 1.00 0.33 0.33 1.0.0 0.50 1.00 0.33 
8 6.99 7.14 1.00 7.14 2.00 1.00 2.00 1.0 7.00 3.00 
9 0.50 0.20 0.20 1.00 1.00 0.20 1.00 0.14 1.0.0 0.33 

10 0.20 0.33 0.33 2.00 1.00 0.33 3.00 0.33 3.03 1.00 
Sum 11.16 17.51 7.71 32.17 12.36 14.87 19.00 4.90 31.03 20.16 
 
Note: - 1= Distance to fault; 2 = Elevation; 3 = Distance to Drainage; 4 = Slope Aspect; 
 5 = LU/LC; 6 = Distance to Road; 7 = Lithology; 8 = Slope; 9 = Geomorphology;    
10 = Building Types 

 

This step is called the criteria comparison matrix in which we compare on a 

pairwise comparison of each one of our criteria that we have selected for our 

landslide susceptibility factors as shown in figure. No. In the next step we sum up the 

rankings in every column. Let's look at how the pairwise decision values were 

calculated with the help of one element, Distance to fault: 

Distance to fault is considered equal to itself being the same factor. Therefore 

the pairwise matrix Distance to fault - Distance to fault have been assign value of 1 

and Distance to fault – Elevation  beings factors of unequal importance have been 

given value of 3 and elevation given reciprocal value i.e. 0.33 which means Distance 

to fault is moderately more important than elevation. 

Between Distance to fault and aspect pair wise comparison the judgment 

value is a reciprocal value of 7 i.e. 0.14 on the right side of 4 as seen above. It 

implies that Distance to fault has strongly favoured importance over aspect. 
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Between Distance to fault and geomorphology pair wise comparison the 

judgement value is a reciprocal value of 2 i.e. 0.50. It implies Intermediate values 

between two adjacent judgements. (Judgement is not precise enough to assign values 

of 1, 3, 5, 7 and 9). However the judgement of Distance to fault is higher than 

geomorphology. 

The overall sum (Σ =) pair wise comparison of Distance to fault with other 

factors totals to 11.16. 

As can be seen in Table 4.13, values for other pairwise parameters have also 

been computed. Saaty's AHP is a commonly used technique for scaling parameter 

weights from a pair-wise comparison matrix of variables, the entries of which 

indicate the magnitude with which one element dominates over another. As shown in 

Table 4.14, the value matrix must be evaluated using the “Eigen Vector” method for 

normalization and weight determination. 

Once we have our columns summed, we checked our criteria comparison 

matrix and normalize the matrix (Table 4.14) which means that we are going to take 

each ranking and divide it by the sum of that particular column, for example, we take 

the first element of the  matrix column which is Distance to fault having ranking of 1 

and divide it by the sum of the column which is 11.16 and that give as a value of 0.09 

and we continued to do this all the way through the matrix, so in taking the original 

matrix and dividing the numbers in each column by the sum of each column we get 

the normalized matrix, normalizing the matrix means to divide each elements in 

every column by the sum of that column and all of the column should add up to 1 

(Ahmed, 2015). After we normalize the matrix, we averaged the row and we get the 

criteria weights which is used to determined based on this AHP process which of 

these criteria appears to control the susceptibility factor more-so than all the others 

and based on our analyses. Based on our analyses, Slope have the highest percentage 

of weightage with a value of 23.4% which indicates that is the most dominant factor 

in controlling the landslide susceptibility zones followed by distance to fault with 

16.7%, Distance to drain at 14.0%, Landuse/Land-cover at 11.2% and distance to 

road at 10.1% followed by elevation at 6.6%, Distance to building at 6.4% and 

Lithology, Geomorphology and aspect at 5.1%, 3.6% and 3.0% respectively. The 

worksheet of the calculations is shown in Table 4.14. 
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Table 4.14. Standard Matrix of various thematic factors compared in the study 
area. 

 Factors 1 2 3 4 5 6 7 8 9 10 Weightage 

1 0.09 0.17 0.39 0.22 0.08 0.20 0.16 0.03 0.06 0.25 16.5% 

2 0.03 0.06 0.06 0.03 0.04 0.03 0.05 0.03 0.16 0.15 6.5% 

3 0.03 0.02 0.13 0.22 0.40 0.20 0.05 0.20 0.16 0.15 15.7% 

4 0.01 0.03 0.02 0.03 0.03 0.03 0.05 0.03 0.03 0.02 2.9% 

5 0.09 0.11 0.03 0.09 0.08 0.34 0.16 0.10 0.03 0.05 10.8% 

6 0.03 0.11 0.04 0.06 0.02 0.07 0.16 0.20 0.16 0.15 10.0% 

7 0.03 0.06 0.13 0.03 0.03 0.02 0.05 0.10 0.03 0.02 5.0% 

8 0.63 0.41 0.13 0.22 0.16 0.07 0.11 0.20 0.23 0.15 23.0% 

9 0.04 0.01 0.03 0.03 0.08 0.01 0.05 0.03 0.03 0.02 3.4% 

10 0.02 0.02 0.04 0.06 0.08 0.02 0.16 0.07 0.10 0.05 6.2% 

 Total 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 100.0% 

Note: - 1= Distance to fault; 2 = Elevation; 3 = Distance to Drainage; 4 = Slope Aspect; 
 5 = LU/LC; 6 = Distance to Road; 7 = Lithology; 8 = Slope; 9 = Geomorphology;    
10 = Building Types 
   

The last step we have to do is check whether our rankings were consistent, which 

means we don’t want to go through the process of assigning these weights without 

putting in some thought, and there are some numerical measures that will tell us how 

likely it was that some of the ranking were done randomly without much thought to 

them which is known as consistency index which state that if our consistency index 

stays below a certain value which is 0.1 then we know our ranking is consistent, and 

if it stays above this value we have to recalculate our rankings. We performed the 

consistency check according to the procedure as stated by Saaty: 

- Determine a weight sums vector, Ws 

[Ws]=[C] {W} 

-Find the Consistency Vector 

-Dot Factor {Consis} = {Ws}. { } 

-Determine the average of the elements of {Consis}, call this ƛ 
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We get Eigen Value or ƛ of11.135  

-Determine the Consistency Index, CI  𝐶𝐼 =
(ƛ )

( )
 

.n is the number of criteria 

= 𝐶𝐼 =
( . )

( )
 = 0.085 

And Consistency Index of 0.085 

Table 4.15. Consideration of various thematic factors for computing the 
Consistency Index and Consistency Ratios in the study area. 

 Factors 1 2 3 4 5 6 7 8 9 10 SUM  Weightage 

1 0.16 0.19 0.47 0.20 0.11 0.30 0.15 0.03 0.07 0.31 2.00 12.14 

2 0.05 0.06 0.08 0.03 0.05 0.05 0.05 0.03 0.17 0.19 0.77 11.85 

3 0.05 0.02 0.16 0.20 0.54 0.30 0.05 0.23 0.17 0.19 1.91 12.20 

4 0.02 0.03 0.02 0.03 0.04 0.05 0.05 0.03 0.03 0.03 0.34 11.75 

5 0.16 0.13 0.03 0.09 0.11 0.50 0.15 0.11 0.03 0.06 1.39 12.79 

6 0.05 0.13 0.05 0.06 0.02 0.10 0.15 0.23 0.17 0.19 1.15 11.46 

7 0.05 0.06 0.16 0.03 0.04 0.03 0.05 0.11 0.03 0.02 0.59 11.88 

8 1.15 0.46 0.16 0.21 0.22 0.10 0.10 0.23 0.24 0.19 3.05 13.26 

9 0.08 0.01 0.03 0.03 0.11 0.02 0.05 0.03 0.03 0.02 0.42 12.47 

10 0.03 0.05 0.05 0.06 0.11 0.03 0.15 0.08 0.10 0.06 0.20 3.20 

 
Note: - 1= Distance to fault; 2 = Elevation; 3 = Distance to Drainage; 4 = Slope Aspect; 
 5 = LU/LC; 6 = Distance to Road; 7 = Lithology; 8 = Slope; 9 = Geomorphology;    
10 = Building Types 
  

4.5 Evaluation using AUC - ROC Curve 

In Machine Learning, performance measurement is an essential task. So when 

it comes to a classification problem, we can count on an AUC - ROC Curve. When 

we need to check or visualize the performance of the multi-class classification 

problem, we use the AUC (Area under the Curve) ROC (Receiver Operating 

Characteristics) curve. It is one of the most important evaluation metrics for checking 

any classification model’s performance (Pourghasemi, 2013). It is also written as 

AUROC (Area under the Receiver Operating Characteristics). AUC - ROC curve is a 

performance measurement for the classification problems at various threshold 

settings. ROC is a probability curve and AUC represent the degree or measure of 
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separability. It tells how much the model is capable of distinguishing between classes. 

Higher the AUC, the better the model is at predicting 0s as 0s and 1s as 1s. By 

analogy, the Higher the AUC, the better the model is at distinguishing between 

different classes. 

After applying the AHP generated weights in the data layers, the resulting 

map was reclassified into four meaningful levels as: low, medium, high and very 

high susceptibility zones. This is helpful for presentation and evaluation purposes. 

An expert knowledge-based classification was used to define the class intervals.  

4.6 Model Verification 

To verify the performance of Landslide susceptibility model in this study, we 

used the receiver operating characteristic (ROC) curve and the area under the curve 

(AUC). ROC is one of the most popular methods and it is a practical technique of 

showing the quality of deterministic and probabilistic detections used to determine the 

accuracy of the LSM. The ROC curve was drawn by plotting specificity on the X axis 

and sensitivity on the Y axis. Sensitivity is the false positive rate and specificity is the 

false negative as presented below: The flow chart of AUC curve is shown in 

Figure.4.12. and formula used is shown as follows: 

Sensitivity = TP/ (TP + FN), Specificity = TN/ (FP + TN)  

             

 

 

 

 

 

 Figure 4.12.  AUC-ROC curve. 



87 

Where true positive (TP) is the number of observed landslides predicted 

accurately and true negative (TN) is the total non-occurring landslides that have been 

predicted accurately. On the other hand, false positive (FP) is considered as the 

number of occurring landslides inaccurately categorized in the non-landslide classes 

and false negative (FN) is considered as the number of non-occurring landslides 

inaccurately categorized in the landslide classes. The AUC can identify the model’s 

accuracy and ability in predicting future landslides. The range of the AUC ranges 

from 0.5 to 1 with the AUC of 1 representing perfect prediction and the closer the 

value of the AUC to this number, the better the performance of the model (Table 

4.16). 

Figure 4.13. Schematic representation of Process of Area Under Curve (AUC)    
                     generation. 
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Figure 4.14.  Flowchart showing the process of calculation in the Area Under Curve    
                     (AUC) for the study area. 

Table 4.16.  The classification of Area Under Curve (AUC) for determining the 
various classes 
 

 

 

 

 

AUC VALUE 

 

TEST QUALITY 

0.9-1.0 Excellent 

0.8-0.9 Very Good 

0.7-0.8 Good 

0.6-0.7 Satisfactory 

0.5-0.6 Unsatisfactory 
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After plotting our AHP result under the AUC-ROC curve we have obtained a 

result of 0.815 which means that we have prediction percentage of 81.5% (Figure 

4.15). This means that the Landslide Susceptibility zonation maps (Figure 4.16 to 

4.22) have a high probability of accurate prediction of various susceptible zones 

within Serchhip town. 

Figure 4.15.  Analytical Hierarchy Process (AHP) results plotted on     
                     AUC – ROC curve. 
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Figure 4.16.  Landslide Susceptibility Map of the Study Area. 
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           Figure 4.17. The Village Council of Chhiahtlang Landslide Susceptibility Map. 
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Figure 4.18. The Village Council of New Serchhip Landslide Susceptibility zones. 
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   Figure 4.19. The Village Council of VC4 Landslide Susceptibility zones. 
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Figure 4.20.  The Village Council of VC3 Landslide Susceptibility zones. 
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Figure 4.21. The Village Council of VC2 Landslide Susceptibility zones. 
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Figure 4.22. The Village Council of VC1 Landslide Susceptibility zones. 
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4.7.  Risk assessment  

Landslide risk assessment is the process of determining if current risks are 

tolerable and current risk management techniques are effective, and, if not, if 

alternative risk management approaches are warranted and will be implemented 

(Dou, et. al., 2015). The phases of risk analysis and risk assessment are merged in 

risk management. Risk evaluation is the stage in the decision-making process where 

values and judgement are directly included, taking into consideration the essence of 

the estimated risks as well as the associated social, environmental, and economic 

consequences, in order to identify a range of risk management options. The risk 

assessment takes the results of the risk analysis and evaluates them against risk 

acceptance values and requirements. (Fell, et. al., 2005). 

Risk assessment is a method for determining the existence and scope of a risk 

by analysing potential hazards and assessing current vulnerability / capacity 

conditions that may pose a threat or harm to individuals, property, livelihoods, and 

the environment in which they depend. The method of performing a risk assessment 

is based on a study of both technical aspects of disaster susceptibility, such as 

location, magnitude, and likelihood, as well as an examination of the social and 

economic dimensions of vulnerability, with special attention paid to the coping 

capabilities relevant to the risk scenarios. Risk assessment encompasses not just the 

empirical evaluation of risks, but also the socioeconomic effects of a potentially 

hazardous event (Sharma, et. al., 1999). Risk refers to the likelihood that an event 

will cause x harm or that an economic impact statement will cause an event in 

monetary terms. When the physical effect of an incident is presented, risk assessment 

requires both threat evaluation and the community's vulnerability. 

Risk assessment assists decision-makers and scientists in comparing and 

assessing potential risks, establishing priorities for different types of mitigation, and 

setting priorities where resources should be concentrated and additional research 

undertaken. 

The analysis of risks and the analysis of consequences must be cross-

correlated in order to evaluate risk. It entails determining the likelihood of a hazard 
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occurrence occurring, such as the likelihood of human loss, building damage, or the 

risk of a landslide causing additional casualties (Fell and Hartford, 1997). Various 

qualitative and quantitative approaches can be used depending on the context of the 

research, the data available, the expertise of the researcher, and the nature and 

purpose of the hazard and risk assessment. 

To evaluate their vulnerability, a relationship between the susceptibility class 

and various socio-economic risk mapping was established. 

Landslide susceptibility zones are well distributed in all parts of the town. 

Location of settlement area with respect to hazard zones is taken into account for risk 

analysis. Risk analysis based on landslide susceptibility and vulnerability is done 

using the landslide susceptibility zones and socio-economic vulnerabilities. As the 

susceptibility and socio-economic vulnerabilities are categorized into four classes, 

the landslide susceptibility zones are also categorized into very high, high, moderate 

and low classes. Numerical scores ranging from 1 to 4 are assigned to the different 

classes of landslide susceptibility and at the same time numerical scores are also 

given to different vulnerability classes. From these parameters, the final risk score is 

calculated using weightage method and AHP in ArcGIS software and Microsoft 

Excel. 

4.8 Socio-economic Risk  

The expression "social vulnerability" refers to the degree to which societies 

or socioeconomic groups are impacted by stresses and hazards, whether influenced 

by various forces or internal and external factors that have a negative impact on a 

municipality's social stability. For the purpose of this research, vulnerability is also 

characterized as an individual's ability to recover from the consequences of a natural 

hazard. Population density, sex ratio, elders' population, children's population, 

number of BPL families, and literacy rate are all factors considered in community 

vulnerability analysis. 
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i) Population:  

This comprises two factors:-  

a) Total Population: The total population within each local/village council is 

collected from Census 2011 data. Depending on the number of the total population, 

they are divided into the three classes of vulnerability. Areas with higher total 

population are considered more vulnerable to disaster than those which are having 

low population. The statistics of total population of Serchhip town is given in Table 

4.20 and the map is shown in Figure 4.23.  

b) Population Density: The number of persons living in one square kilometre of an 

area is termed as population density. As per Census 2011, the population density of 

Serchhip town as a whole is 881.58 persons/sq.km. Population data from all the 

local/village councils are obtained from Census 2011 data, and the density of each of 

the local/village councils is calculated. After analysing the data, population density is 

then divided as various classes of density. Areas having higher population density are 

considered more vulnerable to disaster than those which are having low density. The 

statistics of population density of Serchhip town is given in Table 4.20 and the map 

is shown in Figure 4.24. 

ii) Sex-ratio: Sex-ratio is defined as the number of females per 100 males. 

According to Census 2011, the sex-ratio of the study area is 96 females per 100 

males. Male and female population of all the local/village councils within Serchhip 

town are collected and the ratio is then calculated. After analysing the data, sex-ratio 

is divided into High, Moderate and Low classes. Areas having female population 

above 102 per 100 males are assigned high sex-ratio class. Those which are having 

sex-ratio 98-102 are assigned moderate class while the areas having sex- ratio below 

98 are assigned low class. Since females are considered more vulnerable to disaster, 

areas having higher sex-ratio will be more vulnerable in case of disaster. The 

statistics of sex-ratio of Serchhip town is given in Table 4.8.1 and the map is shown 

in Figure 4.25.  

iii) Elders' population: A population with age group of 60 years and above are 
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categorized under elders' population. The number of elders' population from the 

entire local/village councils within the town are collected from the respective Mizo 

Upa Pawl (MUP) units. The percentage to the total population is then calculated. 

Based on this calculation, local and village councils are divided into classes of elders' 

population. The age group of 60 years and above lack physical strength and mobility 

and are thus considered more vulnerable. Therefore, areas having high elders' 

population will be more vulnerable to disasters than those which are having low 

elders' population. The statistics of elders' population of Serchhip town is given in 

Table 4.20 and the map is shown in Figure 4.26.  

iv) Children's population: Children below the age of 6 years are considered in 

children's population. Each of the children's population within local and village 

councils is obtained from Census 2011 data. The data are analyzed and the 

local/village councils are divided into classes of children's population. Areas having 

higher concentration of children are considered more vulnerable towards disaster. 

Statistics of children's population is given in Table 4.20 and the map is shown in 

Figure 4.27.  

v) Low income group: This group is represented by Below Poverty Line (BPL), and 

is collected from Directorate of Economics & Statistics, Govt. of Mizoram. The data 

is then analyzed and each local/village council is divided classes according to the 

percentage of low income group present. Areas having high percentage of low 

income group are comparatively considered more vulnerable than those with low 

percentage in case of disasters. Statistics of low income group classes for Serchhip 

town is given in Table 4.20 and the map is shown in Figure 4.28.  

vi) Literacy rate: Literacy rate is the percentage of literates to population aged 7 

years and above. The literacy rate of the study area is 85.9 (Census, 2011). The 

literacy rate of all local/village councils within Serchhip town is collected from the 

Census 2011 data. The literacy rate have a positive impact on vulnerability analysis 

as the areas having high literacy rate are considered less vulnerable towards disaster 

than those which are having low literacy rate. Statistics of literacy rate classes for 

Serchhip town is given in Table 4.20 and the map is shown in Figure 4.29. 
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Figure 4.23. The total population distribution in the study area. 
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Figure 4.24.  The population density distribution in the study area. 
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Figure 4.25. The male and female population distribution in the study area. 
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Figure 4.26.  The elder’s population distribution in the study area. 
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Figure 4.27.  The Children’s population distribution in the study area. 
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Figure 4.28. The Below Poverty Line population distribution in the study area. 
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  Figure 4.29. The Literacy of the population distribution in Serchhip town. 
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4.9 Risk Analysis 

The probability of harmful consequences or expected losses (deaths, injuries, 

damaged property, disrupted livelihoods, economic activity or environmental 

damage) resulting from interaction between natural hazards and vulnerable 

conditions is referred as Risk. Risk assessment is the function of two broad 

parameters- Hazard Analysis and Vulnerability Analysis. It can be expressed as:  

Risk = Susceptibility Analysis x Vulnerability Analysis. 

A risk assessment is based on a study of both the technical features of 

hazards, such as their location, severity, frequency, and likelihood, as well as an 

analysis of the physical, social, economic, and environmental aspects of vulnerability 

and exposure, with special attention paid to the coping capabilities relevant to the 

risk scenarios (Xu, et. al., 2014). Population, land, infrastructure, economic activities, 

and others are among the elements at risk. Risk map is prepared by overlaying and 

giving weightage to susceptibility zones and socio-economic vulnerability maps and 

based on the combination of different classes from these thematic maps, the city is 

divided into High risk, Moderate risk and Low risk zones.  

4.10 Risk based on Landslide Susceptibility 

 Landslide-prone areas are widely scattered across the town. For risk analysis, 

the location of the settlement area in relation to susceptible zones is taken into 

account. The landslide hazard areas, as well as physical and socio-economic 

vulnerabilities, are used to conduct a risk analysis based on landslide hazard and 

susceptibility. Landslide danger areas are classified into three categories, close to 

how physical and socioeconomic threats are divided into three categories. Different 

classes of landslide threat are assigned numerical scores ranging from 1 to 3, and 

different vulnerability classes are also assigned numerical scores. The final risk score 

is determined using the Raster Calculator in the ARC-INFO GIS software based on 

these parameters. The town's village councils are then divided into three danger 

zones: high, moderate, and low. Table 4.17 includes statistics on landslide risk and 

vulnerability in Serchhip town, and Figure 4.30 depicts the corresponding map. In 
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the risk based on landslide hazard and vulnerabilities, Village Council 2 comes under 

high risk zone while Chhiahtlang VC, Village Council 3 and Village Council 1 come 

under Moderate risk zone. The Low risk zone is represented by New Serchhip VC 

and Village Council 4. The dangers of a landslide disaster include the loss of human 

life and the partial or total destruction of homes in some areas. The effect also leads 

to the physical degradation of land and a reduction in the value of land. 

Table 4.17. The Serchhip socio-economic population distribution in 

Village Council level. 

Name VC 1 VC 2 VC3 VC4 

New 
Serchhip 

VC 
Chhiahtlang 

VC 

Susceptibility 3 2 1 2 2 3 

Total 
Population 16.06 10.81 9.02 26.76 18.11 19.24 

Class 2 1 1 3 2 2 

Population 
Density 1372.9 1137.5 1189.8 1910.8 655.7 451.6 

Class 2 2 2 3 1 1 

Sex Ratio 100:71 100:103 100:95 100:104 100:101 100:100 

Class 1 3 1 3 2 2 

Elder Pop. % 7.4 7.9 9.1 7.9 15.4 12.2 

Class 1 1 2 1 3 2 

Children Pop % 10.1 14 12.4 12.6 13.4 13.1 

Class 1 3 2 2 3 3 

BPL Pop % 0.79 3.2 3.56 0.19 1.22 2.33 

Class 1 3 3 1 1 2 

Literacy % 88.3 84.5 86.3 85.8 85.1 85.2 

Class 1 2 1 2 2 2 
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Vulnerability 9 15 12 15 14 14 
 
 
 

Risk Value 27 30 12 30 28 42 

Weightage 2 2 1 2 2 3 

Class Moderate Moderate Low Moderate Moderate High 
  

 

 



111 
 

Figure 4.30. The Socio-Economic aspects in the study area for classifying the risk 

assessment. 

4.11  CRITICAL FACILITIES 

All man-made structures or other improvements that, because of their nature, 

volume, service area, or uniqueness, have the potential to cause significant physical 

harm, substantial collateral damage, or interruption of essential socio-economic 

activities if destroyed, damaged, or if their services are repeatedly disrupted, are 

referred to as "critical facilities." Critical facilities are also described in the context of 

our study as facilities that are needed to carry out emergency response activities in 

Serchhip town. 

When defining critical facilities, the following factors are taken into consideration: 

a. Single or multiple large frameworks or installation whose failure may be 
devastating. 
 

b. Critically essential medical services that may function immediately before, 
during, or after a disaster. 
 

c.  Public safety and security facilities that are needed. 

 

In light of the foregoing, the following essential facilities are mapped within 

Serchhip town: 

1) Significant administrative buildings, 

2) Highways,  

3) Medical facilities ranging from hospitals to sub-centre clinics. 

4) Indoor stadiums and community halls that can be used as shelters in the event of a     
    disaster;  

5) Helipads and playgrounds that can be used as helipads in an emergency; 

6) Reservoirs for water,  

7) Police Stations,  

8) Power & Electricity, and  

9) Communication Facilities. 
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All of these critical facilities' coordinates have been obtained from their 

various departments in the region and plotted on scaled maps to illustrate their 

availability and spatial distribution. 

 

These critical facilities are essential during the disaster management planning 

process as they provide a framework for recovery and reconstruction efforts in the 

field. Another benefit for quick data analysis and decision making when a disaster 

occurs is location-based information of critical facilities plotted in a map form using 

GIS. The database generated in the GIS environment can be updated and configured 

with additional attributes at any time, providing more information about each of the 

area's critical facilities. Its effectiveness is intensified during emergency situations, 

when valid and realistic visual data is required for quick decision-making in 

landslide affected areas to reduce casualties. 

1. Administrative structures. 

Within the town area, the administrative buildings that are marked and registered 

for the study area are the Deputy Commissioner's office and the office of the 

Superintendent of Police, as well as the excise and fire departments. 

2. Roads. 

During a landslide, roads are one of the most vital critical infrastructures. There 

are both metalled and non-metalled paths, as well as a footpath. 

3. Medical services. 

District Hospitals and Health Sub-Centres are among the medical facilities 

mentioned. Apart from these, JN Hospital and Mercy Hospital are two other health 

facilities. 

4. Community Halls & Indoor Stadiums. 

Indoor stadiums are accessible. Several community halls were documented in the 

town's various village councils. During a landslide, these indoor stadiums and 

community halls can be used as a multipurpose site. It can be used as a shelter, a 

storage facility for food, and a rallying point for search and rescue operations. 

However, since many of them are situated in vulnerable areas, they may not always 

be appropriate for these purposes.  

5. Playgrounds and Helipad. 
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Under the Current Serchhip village council, there is one functioning helipad. 

Playgrounds can also be found in the town's numerous village councils. These 

playgrounds can be used as a helipad in emergencies. Playgrounds may also serve as 

dropping zones for food and other supplies in case of emergency. 

 

5. Facilities for Water Distribution. 

A variety of reservoirs, distribution tanks, and water tanks can be found 

throughout Serchhip town. For the people living in the area, these serve as water 

storage and distribution facilities. 

6.  Police and Law Enforcement Organizations. 

Within Serchhip area, there is one district police establishment headed by a 

Superintendent of Police and one police station. Serchhip town also has a Fire & 

Rescue Service office, an Excise office, and a fire station. 

 

Table 4.18. The availability of important facilities in the study area. 

Sl. No. Name Category Village Council 

1 DC Office Administrative Building New Serchhip 

2 SP Office Administrative Building New Serchhip 

3 B.D.O Office Administrative Building VC 4 

4 D.R.D.A Office Administrative Building VC 4 

5 District Hospital Medical Facility VC 2 

6 JNM Hospital Medical Facility VC 2 

7 Mercy Hospital Medical Facility New Serchhip 

8 Health Sub-Centre Medical Facility New Serchhip 

9 Health Sub-Centre Medical Facility VC 3 

10 Health Sub-Centre Medical Facility Chhiahtlang VC 

11 Chanmari YMA Hall Hall & Stadium VC 4 

12 Town Hall  Hall & Stadium VC 4 
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13 Indoor Stadium Hall & Stadium New Serchhip 

14 YMA Hall Hall & Stadium New Serchhip 

15 Boxing Hall Hall & Stadium New Serchhip 

16 Community Hall Hall & Stadium VC 4 

17 Community Centre Hall & Stadium Chhiahtlang VC 

18 Community Hall Hall & Stadium Chhiahtlang VC 

19 Auditorium Hall & Stadium VC 3 

20 Zoluti Hall  Hall & Stadium VC 3 

21 Lalpuithanga Hall Hall & Stadium VC 2 

22 Dinthar YMA  Hall Hall & Stadium VC 1 

23 Middle School Field Playground & Helipad Chhiahtlang 

24 Playground Playground & Helipad New Serchhip 

25 Helipad Playground & Helipad New Serchhip 

26 Playground Playground & Helipad Chhiahtlang 

27 High School Field  Playground & Helipad Chhiahtlang 

28 Volleyball Court  Playground & Helipad Chhiahtlang 

29 Tennis Court Playground & Helipad Chhiahtlang 

30 Leisekawt Field  Playground & Helipad VC 4 

31 YMA Volleyball Court  Playground & Helipad VC 4 

32 Volleyball Court Playground & Helipad VC 3 

33 Volleyball Court Playground & Helipad VC 2 

34 Playground Playground & Helipad VC 4 

35 Mini Sports Complex Playground & Helipad VC 3 

36 Playground Playground & Helipad VC 2 

37 YMA Field  Playground & Helipad VC 1 

38 VC Field Playground & Helipad VC 1 

39 Water Tank Water Supply Facility New Serchhip 
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40 Water Tank Water Supply Facility New Serchhip 

41 Water Tank Water Supply Facility New Serchhip 

42 Water Tank Water Supply Facility Chhiahtlang VC 

43 Water Tank Water Supply Facility Chhiahtlang VC 

44 Water Tank Water Supply Facility Chhiahtlang VC 

45 Water Tank Water Supply Facility Chhiahtlang VC 

46 Water Tank Water Supply Facility Chhiahtlang VC 

47 Water Tank Water Supply Facility VC 4 

48 Water Tank Water Supply Facility VC 4 

49 Water Tank Water Supply Facility VC 3 

50 Water Tank Water Supply Facility VC 3 

51 Water Tank Water Supply Facility VC 1 

52 Booster Pump House Water Supply Facility New Serchhip 

53 Police Station Police & Enforcement New Serchhip 

54 Fire Station Police & Enforcement New Serchhip 

55 Telephone Exchange Communication Facility Chhiahtlang VC 

56 Telephone Exchange Communication Facility VC 4 

57 Sub Post Office Communication Facility VC 4 

58 Power Sub-Station Power & Electricity Chhiahtlang VC 
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Figure 4.31. Critical facilities for public distribution in the study area. 
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5.1 Landslide Susceptibility Zonation  

The distribution of Landslide Susceptibility Zonation is classified into very 

high, high, moderate and low Susceptibility zones. 

Very High Susceptibility Zone: This zone is highly unstable and is at a 

constant threat of landslides, especially during and after an intense spell of rain. This 

is because the area forms steep slopes with loose and unconsolidated materials. 

Besides, it includes areas located near faults and tectonically weak zones. It also 

includes areas where unplanned quarrying, road cutting and other human activities 

are extensively undertaken. The vegetation is generally sparse. Numerous bedding 

and joint planes characterized the exposed rocks, facilitating the risk of sliding down 

the slope. Therefore, it is best to avoid this zone as far as possible, except if 

unavoidable. This zone constitutes an area of 8.311 Sq.km and forms 35.73% of the 

total Serchhip area.  

High Susceptibility Zone: It includes areas where the probability of sliding 

debris is at a high risk due to weathered rock and soil debris covering steep slopes 

which when disturbed are prone to landslides. Most of the pre-existing landslides fall 

within this category. This zone comprises areas where the slope aspect and dip 

direction of the rocks, which are usually very steep, (about 40 degrees or more) are 

parallel to each other. This makes them susceptible to slide along the slope. Several 

lineaments, fractured zones and fault planes also traverse the high hazard zone. Areas 

which experience constant erosion by streams because of the soft nature of the 

lithology and loose overlying soil fall under this class. Vegetation is generally either 

absent or sparse. Owing to the above reasons, this zone is also geologically unstable 

and should be avoided. This zone occupies the second largest area i.e., 8.172 Sq.km 

which makes up 35.13 % of the total area.  

Moderate Susceptibility Zone: This zone is generally stable, though it may 

contain unstable zones in some areas. Moreover, seismic activity and continuous 

heavy rainfall may reduce its stability. Though this zone may include areas such as 

cliffs that have steep slopes (more than 45 degree), the orientation of the rock bed 

and absence of overlying loose debris and human activity make them less hazardous. 
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In general, this zone comprises areas that have moderately dense vegetation, 

moderate slope angle and relatively compact and hard rocks. Although this zone is 

generally considered stable, patches of unstable zones may exist in some areas. Such 

areas must be identified on the field, and suitable mitigation measures must be 

implemented. Anthropogenic activities that have the potential to destabilize the slope 

and induce landslides are not recommended within this zone. Although this zone 

includes areas that are stable in their current state, future land use activity must be 

carefully planned in order to maintain the zone's current condition. It spreads over an 

area of 3.639 Sq.km and occupies 15.64% of the total study area.  

Low Susceptibility Zone: This includes areas where the combination of 

various controlling parameters is unlikely to adversely influence the slope stability. 

In other words, this zone comprises areas where the chance of slope failure is low or 

unlikely to occur. Vegetation is relatively dense, though some areas may not have 

vegetative cover. Although some of the areas may be covered with soft and 

unconsolidated sediments, the slope angles are generally low, about 30 degrees or 

below which minimizes slope failures. It is recommended that human activity that 

can destabilize the slope and trigger landslides not be undertaken within this zone. 

Although this zone comprises areas which are stable in the present condition, future 

land use activity is to be properly planned so as to maintain its present status. This 

zone extends over an area of 3.137sq.km and forms 13.50% of the total city area. 

5.2 Prevention and Mitigative measures of Landslide risk reduction 

The concentration of landslides, mostly along the NH-54 road bench, 

indicates that natural slopes have been disturbed without any protective measures in 

place, such as berms (raised barrier separating two areas), surface and subsurface 

drainage, or shot-creating concrete or geo-grid planting. All of this, combined with 

the excavated surface's low shear strength when saturated with water during a 

rainstorm, resulted in landslides. If a triggering event occurs, all slopes are 

vulnerable to landslides. As a result, all slopes should be inspected for landslide 

potential. The risk of a landslide can be reduced by using engineering techniques to 

make the slope more stable.  
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1. To prevent rock falls, steep slopes can be covered or sprayed with concrete 

covered with a wire mesh. 

2. To stabilize a slope, retaining walls can be built. 

3. Rock bolts may be used to hold the slope together and prevent failure if it 

is made of highly fractured rock.  

4. Drainage pipes could be inserted into the slope to allow water to drain 

more easily and avoid increases in fluid pressure, liquefaction, or weight due to the 

addition of water. 

5. Slopes that are too steep can be graded or terraced to bring them back to 

their natural angle of repose. 

6. Township growth should be focused in low-susceptible areas. The region 

around VC 3 part of the township can be explored for its availability of expansion. 

7. Multi-storeyed concrete buildings on lull slopes should be restricted, and 

lined drains should be built on densely populated hill slopes for waste water disposal 

away from the hill slope. 

8. Quarrying of building stones in a scheduled and unsystematic manner 

should be avoided, as should blasting, and toe cutting should be carried out under the 

continuous control of competent agencies or authorities to avoid disrupting the 

natural slope of the ridges. 

To provide weep holes in the retaining walls to release pore water pressure, to 

provide proper drainage arrangement for immediate disposal of rain water. Lined 

catch water drains, both transversely and longitudinally along slopes will be useful 

for effective disposal of water. 

Construction of multi-storeyed buildings and heavy structures should be 

avoided. Assam type or Mizo type of constructions could be encouraged in the area 

in place of RCC structures. Light building materials should be preferred. In the areas 

of high hazard zones identified, heavy civil constructions or major excavations 
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should be discouraged. 

Prevention of a slide is related to its identification, estimation of its severity 

and recognition of its causes. Recognition of causes of a slide can help to prevent 

misuse of corrective measures. The better the understanding of all factors that cause 

movement, the better and more certain will be the corrective treatment. 

For stabilization of any prominent and specific civil engineering construction 

and / or landslide, a detailed geotechnical evaluation of site-specific conditions is 

necessary. 

Societies should be educated regarding causes of landslides, and precarious 

ground conditions prevailing in the area, so that, their understanding and cooperation 

could play a vital role in mitigating the landslide hazards. 
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     ABSTRACT 

 

Landslides are common in Mizoram due to its hilly terrain. The impact of landslides 

has become more acute in recent years as a result of population growth and rapid 

development of hazardous areas. High slope and relief, immature geology, neo-tectonic 

activity, heavy rainfall, and unplanned and inappropriate land use practices are all factors that 

contribute to landslides. Landslides are more likely during the rainy/monsoon season because 

heavy and continuous rain softens the soil structure. Human lives and property are becoming 

increasingly vulnerable as artificial structures expand, road networks expand, and the human 

population grows. As a result, the scientific community must devise plans to reduce the 

societal effects of landslide as soon as possible. One of the first steps in this direction is to 

establish Landslide Susceptibility Zonation maps and make them available to the appropriate 

governmental and non-governmental / local bodies so that they can take the required 

precautions. A major geo-environmental threat affecting the town of Serchhip and the 

surrounding area is landslides. Heavy rain can saturate regolith, reducing grain-to-grain 

contact and lowering the angle of repose. accurate maps can now be developed using remote 

sensing and Geographic Information System (GIS) techniques. The information gathered 

provides an overview of potential threats, vulnerabilities, and risks. Mapping disaster-prone 

areas and locations is also a prerequisite for building a concise database. The maps and other 

details produced by this advent in GIS technology can be quantified and comprehended. 

The state of Mizoram lies in the southernmost part of northeast India. It is bounded on 

the north by Cachar district of Assam, the north-east by Manipur and Tripura. The average 

annual rainfall received every year is 2329.9 mm and the highest average rainfall received 

during a particular month was 976 mm recorded in June, 2003. The entire state is under the 

direct influence of the southwest monsoon and receives adequate rainfall during the monsoon 

season. The state's physiographic expression is defined by steep, mostly anticlinal, 

longitudinal, and parallel to sub-parallel hill ranges and synclinal narrow valleys that run 

roughly north south. The terrain is immature due to recent tectonics, topographic features in 

the state show prominent relief. It has a humid tropical climate characterized by short winter 

and long summer with heavy rainfall. Heavy rainfall starts from the second part of May and 

this heavy downpour usually ends in the first part of October. The total geographical area is 

21,081 Sq. Km, extending 277 km from north to south and 121 km west to east. Mizoram has 

the third highest forest cover in India, with 90.68 percent covered by forests. The state has the 
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highest percentage of bamboo production in the country. The climate is ideal for setting up 

industries focused on agricultural and forestry products. The most common vegetation forms 

are tropical semi-evergreen, tropical moist deciduous, subtropical broadleaved hills, and pine 

forests. Mizoram's highest point is 2,157 metres; its lowest elevation is around 100 metres. 

The type of forest is mixed evergreen withdeciduous forest on high hills and decidulent forest 

on valleys and lower hills. 

Satellite data shows that forests cover 91 percent of the state's geographical area. In 

the state, approximately 640 species of birds have been recorded. There are also many 

reptiles, amphibians, fish and invertebrates in the state. Geologically, the area represents a 

monotonous sequence of argillaceous and arenaceous rocks. The study area lies within 

seismic zone 'V' in the seismic hazard map of India by the Bureau of Indian Standards(BIS) 

2000. The total length of the study area is 13143.761 metres or. 1313.13 km and average 

breadth is 2071.701 metres or 2.07 km. The town of Serchhip is about 110 km away south of 

Aizawl, the state capital of Mizoram. The area is made up mainly of rocks from the Bhuban 

Formation which consists of middlebhuban. The rock units have been deformed by folding 

and faulting. The hills are separated by rivers, which flow either to the north or to the south, 

creating deep gorges. The ridgeline is divided by Kikawn saddle into two almost equal 

segments. Serchhip town forms two limbs of an anticline with an approximately N-S trend, 

which is nearly symmetric in nature. The rocks exposed within the study area are traversed by 

several faults and fractures of varying magnitude and length. Faulting in many cases has 

produced steep fault scarps, forming escarpments. Because of heavy rainfall, the soils within 

Serchhip city are acidic in nature and contain high organic carbon content. The region 

constitutes a part of the active Himalayan tectonic domain, where faults and folds are 

common and correspond to the geomorphology of the region. 

The region has a wet, humid sub-tropical climate and is directly under the influence of 

the monsoon. In nature, the soil is highly acidic and the pH is 4.5 to 6.5. The land is 

moderately to heavily erode on the hillside and at the peak of the hill. The climate of 

Mizoram, as a whole, is controlled by its location, physiographic, pressure regime in the 

North West India and Bay of Bengal, warm and moist maritime tropical air masses from the 

Bay of. Bengal, local mountain and valley winds. The soil moisture regime is classified as 

Udic on the basis of rainfall and moisture. It is observed that the mean temperature difference 

between summer and winter is approximately 7oC, which exceeds the temperature difference 

of 5oC. The area receives an adequate amount of rainfall, which is responsible for a humid 
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tropical climate. The state of Mizoram is under the direct influence of the southwest 

monsoon. The average annual rainfall received every year is 2329.9 mm and the highest 

average rainfall received during a particular month was 976 mm recorded in June, 2003. In 

the form of both perennial streams such as Mat and Tuikum, Serchhip town has ample water 

supplies. The study of the available rainfall data reveals that, generally, heavy rainfall starts 

in the second part of May and this heavy downpour usually ends in the first part of October. 

During the period of 30 years, total annual rainfall was highest in 2007 (2991 mm) and 

lowest in 2005 (1365.7 mm). 

The study area is divided into six village councils. According to the 2011 census, the 

population of Serchhip town is 21158, out of which 10777 are male and 10381 are female. 

The literacy percentage within the town is 98.30%. There are 25 Primary Schools, 21 Middle 

Schools, 9 High Schools and 1 Higher Secondary School. The town has banking facilities 

such as State Bank of India, Mizoram Rural Bank, United Bank of Indian and Apex Bank. 

The economy of SerChhip town has basically been sustained by government services. The 

most important route, NH-54 runs in the north–south direction and runs through the entire 

town. There are no major industry and manufacturing centres in the town. 

The aim of the study is to demarcate the susceptible landslide areas in and around 

Serchhip town. The outcome of the current study will act as a risk assessment tool and play a 

major role in the mitigation of the risk of landslides in the area. 

Study uses Remote Sensing and GIS (Geographic Information System) techniques to 

prepare different thematic information that is ultimately represented in the form of maps. 

Data has been used to prepare a base map consisting of key map elements such as route, 

drainage, settlements, etc. Analysis of physical, social and economic data was conducted for 

risk assessment. Maps were drawn up for digitalization and incorporation and the final 

statistics and maps were made. The cartography is performed on the 1:5000 scale. The WGS 

84 UTM projection (46N) is used in this analysis. Maps are then used to generate 

susceptibility models of the study area and categorized into various zones to map the 

susceptibility zones. The study concludes with a recommendation for the development of a 

landslide response plan for the area. Landslide susceptibility mapping or zonation is the sub-

division of an area into zones that have a distinct probability for landslide prevalence. The 

work involves preparation of pre-field maps, field-based studies, post-field studies, data 

integration and modelling in GIS for generation of landslide susceptibility map. The key 
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purpose of incorporating multiple information sources is to obtain more reasonable outcomes 

in the evaluation of many environmental issues. The study area's satellite imagery is geo-

referenced with respect to SOI toposheets, and base maps are prepared for different themes. 

Contour and slope chart preparations are also being carried out. Various field photos are 

printed out for field verification. The majority of the landslides that were recorded and 

validated in the field were shallow translational debris/rock slides with a slip plane depth of 

less than 5 metres. 55 landslide location were identified which includes both recent landslides 

and past landslide locations. The main triggering factors of landslides in the study region are 

rainfall and anthropogenic activities. During the monsoon months, the number of slope 

failures caused by rainfall combined with the inherent causative factors is extremely high. 

Every section of the study area was viewed on Google Earth and Quickbird Satellite 

imagery. Once a landslide has been detected, it is labeled as a point. The points are saved as 

a.kml file format and imported into ArcGIS. The WGS 84 UTM projection (46N) is used in 

this analysis. Any change or shift in the landslide's spatial position due to shifts in the multi-

temporal images of Google Earth data is manually changed. The process of post-field studies 

involves:. Pre-field maps are finalized by making required corrections and modifications after 

field verification. Different information obtained from the field is studied and analyzed. The 

derived layers are prepared by using two or more primary layers after finalization of the 

primary layers. To obtain area statistics, area measurement is also performed. Finally, 

statistics are created and different danger zones within the town are prepared.  Landslides are 

either man made or natural, form as a part of a continuous process of leveling the earth 

surface. Most of the landslides observed in the area and discussed here are slides and flows. 

The geo-environmental factors like slope morphometry, land use/land cover, geomorphology, 

lithology and geological structure are found to play a role in the occurrence of landslides in 

the region. The map will help people to identify and mitigate the hazards caused by these 

landslides. 

Geo-environmental factors like slope morphometry, land use/land cover, 

geomorphology, lithology and geological structure are found to be playing significant roles in 

causing landslides in the study area. Satellite data acquired from MIRSAC was first 

interpreted using ERDAS Imagine software and georeferenced to correct any shifts in the 

digital image. All the thematic layers was integrated and analyzed in a GIS environment to 

derive a Landslide susceptibility map. 
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Landslides occurrence are influenced by the interaction of topographic, hydrological 

and geological factors. Slope angle is typically considered to be one of the influential factor 

for landslide modelling. All of the factors were found to influence the triggering of 

landslides. The map are scale down to 1:25,000 scale for representation purpose. The distance 

buffering from all these layers were calculated using "Euclidean distance" technique in GIS. 

The vector layer of lithological map was converted to raster layer for compatibility to other 

rasters in accordance to the requirement of the weighted overlay tool provided in the ArcGIS 

software. The road, drainage, faults, Landuse/Land cover map, geomorphology, lithology, 

Critical facilities and building infrastructures were all digitized on I:5000 scale. 

In this study, we use the Analytic Hierarchy Process (AHP), a simple knowledge-

based method for a location with a limited number of landslides. AHP is an approach to 

decision-making multi-objective multicriterion, which allows the user to arrive at a scale 

rather than a set of alternative solutions. To achieve the best match between the area's 

recorded landslide susceptibility and the corresponding inferred Landslide susceptibility map, 

the rank and weighting values need to be updated with ground reality. WLC (weighted linear 

combination) is a tool that incorporates qualitative and quantitative techniques. This 

technique is a common tool that can be customized in several GIS and can be useful for 

combining maps in a number of ways. The determination of the relative value or weight of 

each factor and its effect on the other is a classic problem in decision theory or multi-

parameter analysis. Since all of the conditional variables discussed so far cannot be weighted 

equally for susceptibility testing, a weighted approach must be used. 

ROC is a probability curve and AUC represents the degree or measure of seperability. 

Higher the AUC, the better the model is at predicting 0s as 0s and 1s as 1s. To verify the 

performance of Landslide susceptibility model, we used the receiver operating characteristic 

(ROC) curve and the area under the curve (AUC) . An expert knowledge-based classification 

was used to define the class intervals. After applying the AHP generated weights in the data 

layers, the resulting map was reclassified into four meaningful levels: low, medium, high and 

very high susceptibility zones. 

After plotting our AHP result under the AUC-ROC curve we have obtained a result of 

0.815 which means that we have prediction percentage of 81.5% . This means that the 

Landslide Susceptibility zonation maps have a high probability of accurate prediction of 

various susceptible zones within Serchhip town. 
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Risk assessment is a method for determining the existence and scope of a risk by analyzing 

potential hazards. It entails determining the likelihood of a hazard occurrence. Risk refers to 

the likelihood that an event will cause x harm or that an economic impact statement will 

cause an event in monetary terms. Risk assessment assists decision-makers and scientists in 

comparing and assessing potential risks. It also establishes priorities for different types of 

mitigation, and setting priorities where resources should be concentrated and additional 

research undertaken. The analysis of risks and the analysis of consequences must be cross-

correlated in order to evaluate risk. The landslide risk assessment is based on both technical 

aspects of disaster susceptibility, such as location, magnitude, and likelihood, as well as an 

examination of the social and economic dimensions of vulnerability. Risk analysis based on 

landslide susceptibility and vulnerability is done using landslide susceptibility zones and 

socio-economic vulnerabilities. Numerical scores ranging from 1 to 4 are assigned to the 

different classes of landslide susceptibility. 

Social vulnerability refers to the degree to which societies or socioeconomic groups 

are impacted by stresses and hazards. Vulnerability is also characterized as an individual's 

ability to recover from the consequences of a natural hazard. 

Landslide-prone areas are widely scattered across Serchhip town. Location of 

settlement area in relation to susceptible zones is taken into account for risk analysis. Town's 

village councils are divided into three danger zones: high, moderate, and low. The dangers of 

a landslide disaster include the loss of human life and the partial or total destruction of 

homes. In the risk based on landslide hazard and vulnerabilities, Village Council 2 comes 

under high risk zone while Chhiahtlang VC, Village Council 3 and Village Council 1 come 

under Moderate risk zone. The Low risk zone is represented by New Serchhip VC and 

Village Council 4. 

Landslide Susceptibility Zonation map is classified into Very high, High, Moderate 

and Low Susceptibility zone. The map includes areas where the probability of sliding debris 

is at a high risk due to weathered rock and soil debris covering steep slopes which when 

disturbed are prone to landslides. High hazard zone comprises areas where slope aspect and 

dip direction of the rocks, which are usually very steep, (about 40 degrees or more) are 

parallel to each other. This zone occupies the second largest area i.e. 8.172 Sq.km which 

makes up 35.13% of the total area. Moderate Susceptible Zone: This zone is generally stable, 

though it may contain unstable zones in some areas. Also includes areas such as cliffs that 
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have steep slopes (more than 45 degree), the orientation of the rock bed and absence of 

overlying loose debris and human activity make them less hazardous. Low Susceptibility 

Zone extends over an area of 3.137Sq.km and forms 13.50% of the total city area. Vegetation 

is relatively dense, though some areas may not have vegetative cover. 

Concentration of landslides, mostly along the NH-54 road bench, indicates that 

natural slopes have been disturbed without any protective measures in place. Engineering can 

reduce the risk of a landslide by using engineering techniques to make the slope more stable. 

Township growth should be focused in low-susceptible areas. The region around VC 3 part of 

the town ship can be explored for its availability of expansion. The better the understanding 

of all factors that cause movement, the better and more certain will be the corrective 

treatment.   For stabilization of any prominent and specific civil engineering construction and 

/ or landslide, a detailed geotechnical evaluation of site-specific conditions is necessary. 

Societies should be educated regarding causes of landslides, and precarious ground 

conditions prevailing in the area, so as to play a vital role in mitigating the landslide hazards. 
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