Landslides

Landslides are a common natural disaster that affects several
regions of India. India is a country with diverse topography
and geology, and its mountainous terrain, combined with heavy
rainfall and seismic activity, makes it highly susceptible to
landslides. These events have caused significant loss of life
and property damage in various parts of the country over the
years. In recent times, climate change-induced extreme weather
events have only exacerbated the situation, making it more
challenging for the authorities to manage and mitigate the
impact of landslides. In this context, it is crucial to
understand the causes, consequences, and mitigation strategies
related to landslides in India to minimize their impact and
build resilience.

Definition of landslides

Landslides are a natural disaster that occurs when rocks,
soil, and other debris move rapidly down a slope. They can be
caused by a variety of factors, including heavy rainfall,
seismic activity, soil erosion, and human activities such as
deforestation or construction. Landslides can occur in any
region with slopes or hills, and their impact can vary from
minor to catastrophic depending on the location and size of
the event. Landslides are a common occurrence in India, which
has diverse topography and geology, making it highly
susceptible to landslides.

Importance of studying
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landslides 1in India

Studying landslides in India is crucial because of the
country’s unique topography and geology, which makes it highly
susceptible to landslides. India is a country with diverse
terrain, including mountains, hills, coastal regions, and
plains. These different landscapes are prone to different
types of landslides, and understanding the causes and
consequences of landslides in each region is essential for
effective disaster management.

Landslides have a significant impact on human lives and
infrastructure in India. They can cause loss of life, damage
to property, disruption of transportation networks, and
environmental degradation. Landslides can also have long-term
consequences for communities, such as displacement, economic
losses, and increased vulnerability to future disasters.

In recent years, climate change has increased the frequency
and severity of landslides in India. Extreme weather events
such as heavy rainfall and droughts are becoming more
frequent, leading to increased soil erosion and instability of
slopes. This makes it even more important to study landslides
in India and develop effective mitigation strategies.

Studying landslides in India also helps in developing
effective early warning systems and risk assessment models.
Early warning systems can provide timely alerts to communities
at risk, giving them time to evacuate or take other safety
measures. Risk assessment models can help identify landslide-
prone areas and guide land-use planning and infrastructure
development.



Causes of landslides in India

Geological factors

Geological factors play a significant role in the occurrence
of landslides. The following are some of the geological
factors that contribute to landslides in different regions of
the world, including India:

Geology and Rock Type: The type of rocks and their properties,
such as strength, structure, and permeability, influence the
stability of slopes. Weak, fractured, and jointed rocks are
more prone to landslides, especially when they are exposed to
weathering and erosion.

Soil Type and Properties: The type of soil and its physical
and chemical properties, such as texture, structure, moisture
content, and shear strength, affect the stability of slopes.
Soils with a high clay content are more prone to landslides as
they are susceptible to swelling and shrinking, while soils
with high sand content are more susceptible to liquefaction
during earthquakes.

Slope Angle and Aspect: The angle of the slope and its
orientation to the sun influence the stability of slopes.
Steep slopes are more prone to landslides as they have less
support from underlying materials, while south-facing slopes
receive more sunlight and tend to dry out more quickly, making
them more prone to landslides.

Water Content and Hydrogeological Conditions: The presence of
water and its movement through soil and rocks affect the
stability of slopes. Water acts as a lubricant, reducing the
frictional forces that hold soil and rocks in place. Heavy
rainfall, snowmelt, and changes in groundwater levels can
increase the water content and trigger landslides.



Tectonic and Seismic Activity: The movement of tectonic plates
and seismic activity can cause landslides by altering the
slope angle, fracturing rocks, and increasing the pore
pressure within the soil and rocks.

In India, these geological factors play a significant role in
the occurrence of landslides, particularly in the Himalayan
region, Western Ghats, and other mountainous regions.
Understanding these factors is crucial for assessing the
landslide hazard, developing mitigation strategies, and
reducing the impact of landslides on people, infrastructure,
and the environment.

Topographical factors

The topography of an area can also contribute to landslides.
Steep slopes, cliffs, and valleys are more prone to landslides
due to the increased gravitational forces acting on the soil
and rock. The degree of slope is also important, as a slope
with an angle of more than 45 degrees is considered highly
unstable. In addition, the presence of water bodies such as
rivers, lakes, and wetlands can increase the likelihood of
landslides due to erosion and soil saturation.

Human activities

Human activities such as deforestation, mining, and
construction can significantly contribute to landslides.
Deforestation, for example, can increase the risk of
landslides by reducing the stability of slopes and increasing
soll erosion. Mining can destabilize slopes and increase the
risk of landslides due to the removal of large amounts of soil
and rock. Construction activities such as excavation, grading,
and soil compaction can also weaken slopes and increase the
risk of landslides.



Climate change

Climate change is an emerging cause of landslides in India.
Extreme weather events such as heavy rainfall, floods, and
droughts are becoming more frequent due to climate change,
leading to increased soil erosion and instability of slopes.
This makes certain regions more susceptible to landslides,
particularly in the Himalayan region and the Western Ghats.

Consequences of landslides 1in
India

Loss of life

Landslides can cause loss of life, especially in densely
populated areas. The loose soil and rock can bury people and
homes, and the force of the landslide can cause severe
injuries or death. In addition, landslides can trigger
secondary disasters such as floods and mudflows, which can
also cause loss of life.

Property damage

Landslides can cause extensive damage to homes, buildings, and
other structures. The force of the landslide can crush
buildings, and the loose soil and rock can bury them. The cost
of repairing or rebuilding damaged property can be
substantial, and the emotional toll on the affected families
can be severe.

Disruption of infrastructure

Landslides can disrupt critical infrastructure such as roads,
railways, and bridges, causing significant economic and social



disruption. Landslides can block transportation routes,
isolate communities, and impede emergency response efforts.
The cost of repairing or rebuilding damaged infrastructure can
be high, and the disruption to daily life can be significant.

Economic 1mpact

Landslides can have a severe impact on the economy of affected
regions. The damage to infrastructure, property, and crops can
result in significant economic losses. The cost of emergency
response efforts and recovery can also be substantial. In
addition, landslides can affect tourism, trade, and other
economic activities in the affected areas, leading to long-
term economic consequences.

Environmental impact

Landslides can have significant environmental impacts on
affected regions. The loose soil and rock can cause soil
erosion and sedimentation in rivers and lakes, affecting water
quality and aquatic life. The landslides can also disrupt
ecosystems, destroy habitats, and cause soil degradation. In
addition, landslides can contribute to climate change by
releasing large amounts of carbon dioxide and other greenhouse
gases into the atmosphere.

Landslide-prone regions 1n
India

North-eastern region

The northeastern region of India, including the states of
Arunachal Pradesh, Assam, Meghalaya, Mizoram, Nagaland, and
Tripura, 1is highly prone to landslides due to its hilly



terrain and high rainfall. The region experiences heavy
rainfall during the monsoon season, which often triggers
landslides. Landslides in this region can cause significant
damage to property and infrastructure, as well as loss of
life.

Western Ghats

The Western Ghats, a mountain range that runs along the
western coast of India, 1is another highly landslide-prone
region in the country. The area experiences heavy rainfall
during the monsoon season, which can trigger landslides on the
steep slopes of the mountains. The landslides in this region
can cause extensive damage to property and infrastructure, as
well as loss of life.

Himalayan region

The Himalayan region in northern India is highly prone to
landslides due to its steep slopes, tectonic activity, and
high rainfall. Landslides in this region can be triggered by
earthquakes, heavy rainfall, or snowmelt. The landslides in
this region can cause significant damage to property and
infrastructure, as well as loss of life. The Himalayan region
is also prone to glacial lake outburst floods, which can be
triggered by landslides.

Coastal regions

The coastal regions of India, especially those located on the
eastern coast, are prone to landslides due to their hilly
terrain and high rainfall. Landslides in this region can be
triggered by heavy rainfall or cyclones. The landslides in
this region can cause extensive damage to property and
infrastructure, as well as loss of life. In addition,
landslides in coastal regions can also trigger secondary



disasters such as tsunamis.

Mitigation strategies for
landslides in India

Early warning systems

Early warning systems (EWS) are essential for mitigating the
impact of landslides. EWS can provide timely and accurate
information on potential landslide hazards, allowing people to
take preventive measures. The Indian government has set up a
network of seismometers and rain gauges to monitor rainfall
and seismic activity, which are the two most common triggers
of landslides. The data collected from these monitoring
stations is used to generate alerts and warnings when there is
an increased risk of landslides. The government also provides
information on landslide hazards through various media
channels, including television, radio, and the internet.

Landslide mapping and risk
assessment

Landslide mapping and risk assessment are essential tools for
identifying and prioritizing areas that are most susceptible
to landslides. Mapping and assessment involve gathering data
on the geological and topographical characteristics of an area
to identify potential landslide hazards. The information
gathered can be used to develop landslide susceptibility maps
that show areas that are most at risk of landslides. Risk
assessments can also be used to identify vulnerable
infrastructure and prioritize measures for reducing the impact
of landslides on critical infrastructure.



Structural measures

Structural measures involve the use of physical structures to
reduce the risk of landslides and the impact of landslides
when they occur. These measures can include the construction
of retaining walls, slope stabilization structures, and debris
flow barriers. Retaining walls are structures that are built
along the slopes to prevent the soil from sliding down. Slope
stabilization structures are used to stabilize the soil and
prevent landslides. Debris flow barriers are structures that
are designed to trap and contain debris flows and prevent them
from causing damage downstream. Structural measures are
particularly effective when combined with non-structural
measures.

Non-structural measures

Non-structural measures refer to measures that do not involve
the use of physical structures. These measures can include the
development of early warning systems, land-use planning and
zoning regulations, and public education and awareness
programs. Early warning systems are essential for alerting
people to potential landslide hazards and giving them time to
evacuate. Land-use planning and zoning regulations can help to
prevent the construction of infrastructure and settlements in
landslide-prone areas. Public education and awareness programs
can help to promote safe practices and reduce the impact of
landslides on affected communities.

Land-use planning and zoning
regulations

Land-use planning and zoning regulations are essential for
reducing the risk of landslides. These measures involve the
identification of areas that are most susceptible to
landslides and the development of regulations that restrict or



prohibit the construction of infrastructure and settlements in
those areas. The Indian government has implemented several
measures to regulate land use in landslide-prone areas,
including the development of landslide hazard zonation maps
and the enforcement of building codes and regulations.

Case studies of landslides 1in
India

India is highly prone to landslides, and the country has
experienced numerous landslide incidents in the past. Here are
some case studies of landslides in India:

Malin Landslide, Maharashtra (2014): On July 30, 2014, a
massive landslide struck the village of Malin in the Ambegaon
taluka of Pune district in Maharashtra. The landslide was
triggered by heavy rainfall, and it buried the entire village
under a mound of mud and debris, killing 151 people. The
landslide was caused by a combination of geological and
topographical factors, including the steep slopes, loose soil,
and heavy rainfall. The incident highlighted the need for
effective early warning systems and the enforcement of land-
use planning regulations in landslide-prone areas.

Kedarnath Landslide, Uttarakhand (2013): On June 16, 2013, a
massive landslide struck the Kedarnath region of Uttarakhand,
triggering flash floods and causing widespread devastation.
The landslide was triggered by heavy rainfall and cloud
bursts, and it caused a massive glacial lake to burst, sending
a torrent of water and debris downstream. The landslide and
floods killed over 5,000 people and caused significant damage
to infrastructure, including roads, bridges, and buildings.
The incident highlighted the need for effective disaster
management strategies and the enforcement of regulations on
construction in landslide-prone areas.



Munnar Landslide, Kerala (2020): On August 7, 2020, a massive
landslide struck the Idukki district of Kerala, burying a row
of workers’ quarters at a tea estate in Munnar. The landslide
was triggered by heavy rainfall and caused the collapse of the
hillside, burying at least 70 people under the debris. The
incident highlighted the need for effective early warning
systems, proper maintenance of infrastructure, and the
enforcement of land-use planning regulations in landslide-
prone areas.

Darjeeling Landslide, West Bengal (2011): On July 30, 2011, a
massive landslide struck the Darjeeling district of West
Bengal, triggering a massive landslide that buried several
houses and killed at least 20 people. The landslide was
triggered by heavy rainfall and occurred in an area that was
already prone to landslides. The incident highlighted the need
for effective early warning systems, proper maintenance of
infrastructure, and the enforcement of land-use planning
regulations in landslide-prone areas.

Conclusion

In conclusion, landslides are a significant natural hazard in
India, and the country is highly prone to them due to its
geological, topographical, and climatic conditions. Landslides
have caused extensive damage to infrastructure, property, and
human lives in the past, making them a cause for concern for
the country’s disaster management agencies. However, with the
development and implementation of effective mitigation
strategies, such as early warning systems, landslide mapping
and risk assessment, structural and non-structural measures,
and land-use planning and zoning regulations, the impact of
landslides can be reduced in the future. It is crucial that
all stakeholders, including government agencies, the
scientific community, and local communities, work together to
prevent and mitigate the impact of landslides in India. By



doing so, we can ensure the safety of our people,
infrastructure, and the environment.



