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ABSTRACT

This study presents a comprehensive review of landslides along National Highways in India, with a particular focus on the Himalayan Belt. By
examining events over the past seven years, the paper delves into key drivers behind these frequent landslides and explores the efficacy of Remote
Sensing (RS) and Geographic Information Systems (GIS) in landslide prediction and management. It is anticipated that the integration of these
advanced tools will improve hazard assessments, enable precise interventions, and ultimately mitigate the socio-economic impacts of landslides.

The study draws on publicly available data and aims to uncover gaps in the existing research on Indian landslides. Emphasizing an innovative
approach, the paper proposes enhanced prediction methods to mitigate both direct and indirect losses resulting from landslides. These suggestions are
grounded in the socio-economic realities of the affected regions.

Keywords: Landslide; National Highway; Remote Sensing; Geographic Information Systems (GIS); Hazard; Prediction; Mitigation; Disaster
Management; Himalayan Region; Landslide Susceptibility Map.

1. Introduction

Natural disasters, while unpredictable and devastating are an inevitable part of the Earth's dynamic processes.
Among them, landslides pose a persistent threat to human life, infrastructure, and the environment, particularly in
mountainous regions. India, with its diverse topography, is highly susceptible to such hazards. Landslides are not
just geological phenomena but complex disasters with far-reaching consequences, including loss of life, economic

disruption, and environmental degradation.

A landslide, as defined by Varnes (1984), is a form of mass movement caused by gravitational forces that result in
the displacement of soil, rock, or debris down a slope. Landslides can be triggered by natural causes like heavy
rainfall, earthquakes, and volcanic activity, or anthropogenic factors, such as deforestation, construction activities,

and road building, which destabilize the slopes.

In India, approximately 12% of the landmass is vulnerable to landslides, with the most affected regions being the
Western Ghats, Eastern Ghats, and the Himalayan Belt. The Himalayas, in particular, witness frequent landslides
due to their fragile geology and high seismicity. According to the Geological Survey of India, over 300 people die
annually due to landslides globally, with India contributing significantly to this toll (Geological Survey of India,
n.d.; National Disaster Management Authority, 2019; Dutta, & Das, 2018; Bhasin et al., 2019).

Landslides are significant natural hazards that pose threats to both human lives and infrastructure, particularly in
regions prone to geological instability. Figure 1 below which shows the landslide hazard map of India illustrates
regions most susceptible to landslides. It can be seen that the country's mountainous and hilly terrains are
particularly vulnerable (Landslide: NDMA Gol). The transportation network, often considered the backbone of

society, can be severely disrupted by landslides, especially along highways. Such disruptions not only trouble daily
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life but also hinder economic activities and emergency responses (Sarkar & Kanungo, 2021). Landslides along

national highways are a serious concern because they directly affect both travel safety and connectivity. This paper

provides an extensive review of existing literature on landslides along national highways and explores innovative

solutions to mitigate the associated risks, aiming to minimize the impact on infrastructure and human lives.
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Figure 1. Landslide Hazard Map of India
1.1. Study Objectives

The present study was carried out with following objectives that are enumerated below:

1) To understand the cause and impacts of landslides along National Highways in India, with a focus on both
natural triggers and anthropogenic factors.

2) To examine landslides through case studies of major landslides in the Himalayan region, including Jammu &
Kashmir, Uttarakhand, Himachal Pradesh, and the North-Eastern states.

3) To analyse the role of Remote Sensing (RS) and Geographic Information System (GIS) in landslide
prediction, monitoring, hazard mapping, and disaster management.

4) To identify effective and protective slope stabilization measures for landslide-prone highway corridors.

5) To explore innovations in landslide susceptibility mapping using geospatial techniques such as the bivariate
frequency ratio model.

6) To evaluate policy and management strategies aimed at mitigating landslide risks while balancing
infrastructure development and environmental stability.
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2. A Review on Major Landslides

Landslides are a frequent natural hazard along several National Highways in India, particularly in the Himalayan
region. These occurrences have become more prevalent in recent years, largely attributed to climate change and
unsustainable human practices, including unregulated construction, deforestation, and infrastructure development.
The states most vulnerable to landslides include Jammu and Kashmir, Uttarakhand, Himachal Pradesh, and Sikkim,
where the steep and unstable slopes, coupled with anthropogenic pressures, exacerbate the risk (Kaur et al., 2020;
Gupta & Joshi, 2019). Remote sensing and GIS technologies have emerged as critical tools for monitoring and
managing landslides, offering enhanced capabilities for early warning systems and disaster management strategies
(Sharma et al., 2021).

2.1. Landslides along the Jammu-Srinagar Highway

Landslides are a frequent natural hazard along several National Highways in India, particularly in the Himalayan
region. These occurrences have become more prevalent in recent years, largely attributed to climate change and
unsustainable human practices, including unregulated construction, deforestation, and infrastructure development.
The states most vulnerable to landslides include Jammu and Kashmir, Uttarakhand, Himachal Pradesh, and Sikkim,
where the steep and unstable slopes, coupled with anthropogenic pressures, exacerbate the risk (Kaur et al., 2020;
Gupta & Joshi, 2019). Remote sensing and GIS technologies have emerged as critical tools for monitoring and
managing landslides, offering enhanced capabilities for early warning systems and disaster management strategies

(Sharma et al., 2021). Figure 2 shows some of the images of landslides incidents along Jammu-Srinagar Highway.
2.2. Landslides in Uttarakhand

Uttarakhand, situated in the North-Western Himalayas, is highly prone to landslides due to its vulnerable
geological structure and significant rainfall patterns. The increasing frequency of cloudbursts and intense rainfall
events has further intensified the landslide risk in recent years. These landslides not only result in substantial loss of
life and property but also disrupt vital transportation and communication networks. A notable example is the 2013
Kedarnath disaster, which tragically led to the loss of over 4,000 lives and underscored the region's susceptibility to
such hazards (Sharma, 2017; Singh et al., 2018; Bhandari & Bhatt, 2020). Remote sensing and GIS tools are
increasingly being used to analyze such events and improve disaster preparedness in the region (Pandey et al.,
2021).

Landslides are very common in this Himalayan state of Uttarakhand. In fact, of the North Himalayan states,
including Himachal Pradesh and Jammu & Kashmir, Uttarakhand has the most amounts of landslide-prone or
unstable zones (Kumar, 2016). Several incidence of landslide in 2019 is reported such as Uttarakhand’s
Rudraprayag landslide due to falling of boulders from the hill. It killed as many as eight persons when the boulder
hit a car and two motorcycles into a 500 meter deep gorge (Talwar, 2019; newindianexpress.com); Badrinath
landslides that was triggered by rains blocked Badrinath National Highway (Jha, 2019); Pithoragarh-Tanakpur NH
125 that was the result of the human interference in the form of the ongoing work of the All Weather Road Project
(July 05 2019: Uttarakhand: Traffic Jam...... ); A massive landslide wherein major portion of the hill came down

on Badrinath National Highway in Chamoli, Uttarakhand; Landslides after cloudbursts kills many and cause
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extensive damage in Uttarakhand (Livehindustan.com:; August 18, 2019); landslides disrupts normal life severely
in Govind ghat area of Uttarakhand (ANI: September 7, 2019). Figure 3 shows some of the images of landslides
incidents along the National Highway in Uttarakhand.

Figure 2. Landslide along Jammu-Srinagar Highway (a) Landslides, snowfall witnessed at some places between
Ramban and Panthal Areas; (b) An earthmover clears the landslide debris from the highway; (c) Jammu-Srinagar
Highway Closed After Landslide, 2,000 Vehicles Stranded; (d) Multiple Landslides Disrupts Traffic on
Jammu-Srinagar Highway; (e) Fresh landslide disrupts traffic on Jammu-Srinagar highway, clearance operation

underway; (f) Multiple landslides disrupt traffic on Jammu-Srinagar highway.

“em
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Figure 3. Landslide along National Highway in Uttarakhand (a) Traffic Jam due to Landslides on Pithoragarh-

Tanakpur National Highway 125; (b) A Massive landslide on Badrinath National Highway in Chamoli,
Uttarakhand; (c) Landslide near Chandikhadar area of Rudraprayag district of Uttarakhand; (d) Cloudbursts
followed by Landslide cause heavy damage in Uttarakhand.

2.3. Landslides in Himachal Pradesh

Himachal Pradesh is inherently prone to disasters, especially since it is part of the Himalayas. The state has a long
history of natural disasters (Chandel and Brar, 2012). As per the Government of India (2003) report the state’s 97%
area is prone to landslide hazard. Himachal Pradesh, like Jammu & Kashmir, regularly experiences landslides
along the National Highways that often causes disruption in the normal life of the people. In the year 2019 itself
large number of landslides along the National Highways was reported that has always been of concern for the
authorities. Huge man-power and machinery are deployed for clearing of the debris and restoring the highway for
normal traffic movement. Landslide along NH-5 near KashangNala in Kinnaur (June 25, 2019); Gohar village of
Chachyot Tehsil in Himachal Pradesh’s Mandi district (August 17, 2019); Kalka-Shimla Highway (August 17,
2019); Marhi between Manali and Rohtang in Kullu district (August 21, 2019); etc. are some of the incidents to be
reported. Below are few incidents of landslides along National Highway in Himachal Pradesh (Figure 4).
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Figure 4. Landslide along National Highway in Himachal Pradesh (a) Incessant rains disrupted vehicular traffic
and caused damage after Landslides in HP; (b) Trucks stranded after Manali-Leh road was closed due to landslides
caused by heavy rains; (c) Heavy Rain Triggers Landslides in Himachal Pradesh, Several Roads Blocked; (d)
Landslides triggered due to Heavy Rainfall caused extensive damage in HP (Mudgal, 2019).

2.4. Landslides in North-Eastern States

The North-Eastern states of India, including Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram,
Nagaland, Tripura, and Sikkim, are situated in the eastern Himalayan ranges, making them particularly prone to
frequent landslides. Much of this region consists of unstable geological zones, leading to regular landslide
occurrences. Prolonged and intense rainfall is the primary trigger for landslides, significantly impacting the lives
and livelihoods of the local population. Landslides have long been a major natural disaster in these states, with
regions such as Manipur experiencing their devastating effects since ancient times (Das et al., 2019; Sharma &
Singh, 2020). Remote sensing and GIS applications are increasingly being used to monitor these hazards and

mitigate their impact (Bhattacharya & Das, 2021).

The earliest recorded catastrophic landslide in the North-Eastern states occurred on August 19, 1950, claiming over
500 lives and causing extensive destruction. This landslide was triggered by aftershocks from the Great Assam
earthquake that struck on August 15, 1950. Since then, landslides have become frequent in the region, significantly
impacting the lives and livelihoods of the local population (Nongmaithem, n.d.). Various factors contribute to these
landslides, and addressing the issue requires a targeted approach that considers both individual triggers and a

combination of factors to effectively mitigate the risks.

Several incidences of landslides were experienced in 2019. Some of the landslides incidences to be reported are
multiple landslides in Sikkim block NH-31 (PTI, July 12, 2019); landslides in Sikkim block NH-10 (R. Choudhary,
July 11, 2019); incessant rainfall trigerred landslides that affected NH-10 (connecting Siliguri and Sikkim), NH-31
(connecting Siliguri and Dooars in Jalpaiguri district) and NH-55 (Siliguri and Darjeeling); Kohima town cut-off
by major landslides on NH-29 (uniindia: August 5, 2019); landslide cut-off NH-29 between Dimapur-Kohima. The
stretch of NH-29 is a landslide prone area that has experienced landslides and subsidence of roads in the past too
specially during the monsoon season (August 5, 2019; August 4, 2019); NH-44 was affected due to landslides near
Assam-Meghalaya border (PTI: May 6, 2018); landslides on Imphal-Dimapur road caused heavy damage ((NT
Online: October 27, 2019); landslides affected vehicular movements in Manipur (NT Online July 27, 2019);
incessant rains reported landslides and heavy flooding in various parts of the State. Landslides led to the blocking

major roads in Arunachal Pradesh. NH-415 was the worst hit (sentinelassam.com: July 13, 2019); landslides along
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Imphal-Jiribam highway, NH-37 (August 3, 2019); landslides in north-east affected states like Arunachal Pradesh,
Sikkim and Meghalaya, besides parts of Assam. Large parts of Arunachal Pradesh have been cut off because of
heavy mudslides tearing apart roads, including highways (Hussain, 2019); landslides on Gangtok-Mangan road that
disrupted vehicular traffic on road that connects Gangtok city with North Sikkim. Figure 5 shows some of the

landslides incidents that have occurred in the past along the National Highway in North-Eastern states.
3. Discussion

Landslides are a frequent occurrence along the Himalayan mountain range, especially during and after the monsoon
season. While many landslides are naturally triggered, there is growing evidence linking the increasing frequency
of these events to anthropogenic activities in the region. Human interventions, such as the construction of roads and
dams, contribute to slope destabilization, which in turn increases the likelihood of landslides. These activities
exacerbate the natural vulnerabilities of the Himalayan terrain, further intensifying the landslide risk (Gupta &
Kumar, 2020; Sharma et al., 2019).

Below is a brief description of the areas reviewed to better understand the causes and impacts of frequent landslides

along the Himalayan belt:
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Figure 5. Landslides along National Highway in North-Eastern States (a) Multiple Landslides on NH-31 in
Sikkim; (b) At least three blockages across NH-10 were reported following Landslide; (c) NH-29 affected due to
Landslides in Kohima; (d) Landslide in Nagaland block NH-29; (e) Landslide in Mizoram; (f) Landslides along
Jammu-Srinagar National Highway in Jajjar Kotli area of Jammu; (g) NH-29 connecting Kohima with Dimapur

cut-off due to major Landslide.
3.1. Landslides along Jammu-Srinagar Highway

The Jammu-Srinagar Highway is particularly susceptible to landslides due to the challenging and unstable terrain it
traverses. In recent years, landslides have frequently led to blockages, severely disrupting transportation along this
critical route. Studies indicate that landslides are reported annually in large numbers, prompting growing concern
among scientists and authorities across India. The most affected locations include Panthyal, Ramsoo, Anokhifal,
Nashri, Maroog, Battery Cheshma, Kheri, and areas along the Bichleri stream in the Ramban and Udhampur
districts. Remote sensing and GIS technologies have been instrumental in identifying and monitoring these
landslide-prone zones, as depicted in satellite imagery of the Jammu-Srinagar region (Sharma et al., 2021; Bhat &
Pandit, 2020; Singh et al., 2019). Figure 6 shows the satellite image of the Jammu-Srinagar area highlighting the
landslides prone region.
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Figure 6. Landslides Prone Area along Ramban and Udham Districts in Jammu & Kashmir (Source:
https://sandrp.in/2018/02/17/why-jammu-srinagar-highway-is-so-landslide-prone/)
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Landslides along the National Highways in India are often triggered by heavy, continuous, and prolonged rainfall,
which saturates the soil and destabilizes slopes. In addition to natural factors, anthropogenic activities, particularly
those associated with highway expansion projects, have also been identified as significant contributors to landslide
occurrences. Unplanned excavation and construction work at the base of steep slopes have further aggravated the
issue by destabilizing the terrain. These landslides not only disrupt normal traffic flow but also impact local
communities in various ways, both directly and indirectly (Kumar & Singh, 2020; Sharma & Thakur, 2019; Gupta
etal., 2018).

3.2. Landslides along National Highways in Uttarakhand

The entire state of Uttarakhand is geologically fragile, making it highly susceptible to various geo-hazards,
including landslides, earthquakes, and flash floods. Landslides occur annually, posing significant risks to those
involved in development and infrastructure projects. In recent years, the state has experienced extreme climatic
events, such as prolonged, low-intensity rainfall as well as short bursts of high-intensity rainfall. These weather
patterns often trigger landslides, leading to substantial loss of life and property. A notable example is the 2013
Kedarnath disaster, often referred to as the "Himalayan Tsunami," which resulted in the loss of over 4,000 lives and
caused widespread road blockages (Singh & Pandey, 2019; Sharma et al., 2020; Bhat et al., 2018). Figure 7 below

shows the landslide hazard map of Uttarakhand.
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Figure 7. Landslide Zonation Map of Uttarakhand
(Source: Vaid et al., 2019)

As a newly formed state, Uttarakhand has witnessed rapid development, particularly in the expansion of roads and
transportation infrastructure. However, this large-scale, unplanned development is believed to be causing
significant harm to the region's mountainous terrain. Additionally, extensive dam construction projects have altered
the land use patterns, further destabilizing the area's fragile slopes. It is evident that both prolonged rainfall and
human activities are contributing factors to landslides along the National Highways in Uttarakhand. The

consequences of these landslides include road blockages, disruptions to regular traffic, and the loss of life and
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property (Joshi & Kumar, 2020; Sharma & Singh, 2019; Pant et al., 2018). Figure 7 shows the landslide zonation
map of Uttarakhand.

3.3. Landslides along National Highways in Himachal Pradesh

Landslides in Himachal Pradesh are widespread, although certain areas experience frequent and repeated slope
failures. These high-risk zones include the Kalka-Shimla National Highway (NH-22), the Shimla-Rampur-Peo and
Malling-Samdo stretch along the Hindustan-Tibet Highway, and the Swarghat-Bilaspur and Mandi-Aut patches on
NH-21. Other vulnerable areas include the Kullu Valley, the Gumma-Jogindernagar-Palampur-Dharamsala
Highway, the Bilaspur-Shimla Highway, as well as the Dalhousie-Chamba area, Bharmaur Valley, and Holi region
of Chamba district (Singh & Thakur, 2019; Sharma et al., 2020; Chauhan & Negi, 2018).

Most of the landslides in Himachal is also the results of heavy and continuous rain that functioned as a triggering
agent to landslides (Tol: July 22, 2013 & PNS: September 24, 2018). However, increasing anthropogenic
intervention in the name of development cannot be ignored to the occurrence of landslides in the Himachal
(Panwar, 2017). According to Kullu, J C Kuniyal a professor at GB Pant Institute of Himalayan Environment and
Development in Mohal district "Himalayan rocks are sedimentary in nature and topographically fragile, because
even road cuts cause landslide as upper portion of the mountain slides down automatically (Tol: July 22). The
districts that most frequently experienced landslides and was affected during last five years are Shimla, Kangra,
Kinnaur, Mandi and Kullu. So, rainfall, soft geology and human intervention all together contributes towards the
landslides in Himachal states. Figure 8 below shows the landslide hazard zone and major roadways of Himachal
Pradesh.
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Figure 8. Map showing landslide Hazard Zone and Major Roadways of Himachal Pradesh: (a) Landslide Hazard

Map, and (b) Major Roadways under different Vulnerable Zone
3.4. Landslides along National Highway in North-Eastern States

Figure 9 shows the map of north eastern states and the roads along the National Highway (NH). The North-East
Himalayas are characterized by weak geological formations, slope instability, and frequent seismic activity,
making the region highly susceptible to natural hazards, particularly landslides and earthquakes. The area's

vulnerability is partly due to natural causes, such as its fragile geology, and partly due to accelerated environmental
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degradation. In the north-eastern states of India, landslides are frequently triggered by heavy and prolonged
rainfall. Additionally, human activities, including deforestation, construction, and unplanned development, have
further exacerbated the occurrence of landslides in this region (Singh & Baruah, 2019; Sarkar et al., 2020; Das &
Thapa, 2018).
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Figure 9. (a) Map showing North Eastern States; (b) Map showing North Eastern Region Road Map (only NH)

(Source: https://mdoner.gov.in/infrastructure/road-map-only-nh-)
7 4. Protective Measures
The following protective measures can be implemented to stabilize slopes prone to landslides:

1. Excavated soil should be promptly removed from the site and not dumped along the slope, as this would

increase the surcharge load on the slope and exacerbate instability.

2. Efforts should be made to preserve vegetation on the slope, particularly with deep-rooted trees, which help

stabilize the area.
3. Jute geogrid can be utilized to support vegetation growth on slopes.

4. Crated masonry walls and R.C.C. cantilever retaining walls should be constructed at suitable locations, with

ample weep holes to allow for drainage.
5. The area covered by the slide mass should be properly dressed and protected against water infiltration.

6. Open cracks in the slide zone should be sealed with cement mortar or other appropriate sealing materials to

prevent further damage.

7. Side drains from new approach roads should be diverted away from the threatened area to reduce the risk of
landslides (Kumar & Singh, 2020; Thakur & Verma, 2019; Gupta et al., 2018).

5. RS/GIS Strength in Addressing the Landslides Issue

In landslide studies, remote sensing (RS) and geographic information systems (GIS) are essential tools for

identifying, tracking, mapping, and assessing the danger of landslides.

ISSN: 2582-0974 [47] OPEN 8 ACCESS


https://mdoner.gov.in/infrastructure/road-map-only-nh-

/\y Middle East Journal of Applied Science & Technology (MEJAST)
M E J A S T Volume 8, Issue 3, Pages 37-55, July-September 2025

5.1. RS & GIS in Landslide Studies

Remote sensing techniques, including satellite and aerial imagery, have become essential tools in the study and
management of landslides. These advanced technologies provide precise and reliable data, enhancing our
understanding of landslide occurrences. By employing remote sensing, researchers can make significant
advancements in the detection, monitoring, prediction, and management of landslides. Remote sensing data, when
combined with deep learning techniques, plays a critical role in detecting landslides and contributes to the
development of landslide susceptibility maps, which are crucial for effective disaster risk management.
Furthermore, in the aftermath of landslides, remote sensing is vital for damage assessment and coordinating
emergency response efforts (Singh & Gupta, 2020; Bhatia et al., 2019; Sharma & Verma, 2018).

Geographic Information System (GIS) is one of the most versatile tools for landslide modeling due to its capacity to
process large volumes of data efficiently. GIS is widely used to analyze landslide-related variables, create landslide
inventories, and generate susceptibility maps. Its ability to integrate various forms of spatial information—such as
topography, soil type, land cover, and land use—facilitates comprehensive and detailed evaluations of landslide
risk zonation in a given area. This integration allows for more efficient and in-depth landslide hazard zoning
analyses (Kumar et al., 2021; Chauhan & Negi, 2020).

6. Innovations in Landslide Management
To mitigate the catastrophic impact of landslides, several key initiatives can be implemented:

1. Remote sensing (RS) data can be utilized to gather critical information and better understand the affected

areas.

2. Landslide hazard analysis and mapping should be employed to address the issue, providing valuable insights

for risk assessment and management.

3. In addition to these conventional approaches, the use of RS/GIS technologies can be further innovated, as

suggested by the authors.

Landslide susceptibility mapping involves the incorporation of various input parameters, followed by specific
processing steps and analytical techniques. Figure 10 shows a proposed flowchart for landslide susceptibility
mapping using geospatial techniques models the process based on a bivariate frequency ratio, which enhances the

accuracy of predictions and risk assessments (Sharma & Singh, 2020; Gupta et al., 2019; Thakur & Joshi, 2021).
227. Conclusion

In summary, it is evident that both natural and anthropogenic factors contribute to landslides along the National
Highway, posing significant concerns as they disrupt the daily lives of local communities. The application of
Remote Sensing (RS) and Geographic Information System (GIS) technologies can enhance the prediction and
analysis of areas susceptible to landslides, allowing for timely interventions to mitigate impacts. The authors

propose innovative strategies utilizing RS/GIS technology to effectively address landslide issues.

While it may not be possible to entirely prevent environmental catastrophes, we can take steps to prevent natural

disasters from escalating into human-made crises due to ignorance and negligence. Landslides exemplify this risk,
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particularly as rainfall and weather patterns become increasingly erratic. Therefore, the need for proactive
measures is more urgent than ever (Sharma & Gupta, 2021; Verma et al., 2020; Bhatia & Sethi, 2019).
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+78. Future Recommendations

Following points as listed below needs to be taken care of as part of future suggestion:

Validation using
ROC

1. Use of RS/GIS based hazard analysis to identify high-risk zones in advance.

+—

2. Integration of GIS for multi-parameter analysis (topography, soil, land cover, land use) to create hazard

zonation maps.

3. Use of satellite/aerial imagery for landslide detection, monitoring, and damage assessment.

4. Incorporating hazard zonation maps in highway planning to minimize risks.

5. Establishing early warning systems using RS/GIS technology.

6. Training local communities in hazard preparedness and emergency response.

These suggestions combine technical measures (engineering & GIS/RS integration) with policy and community

action, aiming to proactively reduce landslide risks along national highways.
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