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ABSTRACT 

India’s extensive coastline, stretching over 7,500 

kilometers, is facing increasing threats from coastal 

erosion and rising sea levels, primarily driven by 

climate change and unsustainable human activities. 

This review aims to analyze the major causes, 

environmental and socio-economic consequences, 

and potential policy responses to these challenges. 

Coastal erosion results from both natural processes 

such as wave dynamics, storms, and tectonic shifts, 

as well as anthropogenic factors including sand 

mining, infrastructure development, and mangrove 

destruction. The rising sea level further intensifies 

shoreline retreat, saltwater intrusion, and habitat 

loss. These changes not only endanger coastal 

ecosystems but also jeopardize livelihoods, tourism, 

and cultural heritage. The study emphasizes the 

urgent need for integrated coastal zone management, 

technological monitoring, and community-based 

adaptation strategies. Sustainable development, 

coupled with scientific and policy interventions, is 

essential to mitigate the long-term impacts on India’s 

coastal regions. 
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India has a vast coastline stretching over 7,500 

kilometers, encompassing the eastern and western 

seaboards as well as the islands of the Andaman, 

Nicobar, and Lakshadweep archipelagos. These coastal 

regions are of immense social, economic, and 

ecological significance. They support dense 

populations, major ports, fisheries, agriculture, tourism, 

and industries, contributing substantially to the 

country’s economy. Ecologically, India’s coasts host 

diverse ecosystems, including mangroves, coral reefs, 

estuaries, and wetlands, which provide critical habitats 

for flora and fauna while also serving as natural buffers 

against storms and tidal surges. In recent decades, these 

regions have become increasingly vulnerable to coastal 

erosion and sea-level rise due to global climate change, 

cyclones, human interventions, and unsustainable 

development. Shoreline retreat, habitat loss, 

salinization, and flooding are becoming frequent 

challenges, affecting both livelihoods and ecosystems. 
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The primary objective of this study is to review the causes, consequences, and management strategies 

for coastal erosion and sea-level rise in India, addressing questions such as: Which regions are most 

vulnerable? What are the driving natural and anthropogenic factors? And how effective are existing 

mitigation and adaptation measures? 

CONCEPTUAL FRAMEWORK 

Coastal erosion refers to the process by which shorelines are gradually worn away due to the action of 

natural forces such as waves, currents, tides, and storms. It can also be accelerated by human activities, 

making it a multidimensional phenomenon. Natural causes include tidal action, storm surges, cyclones, 

and the long-term effects of climate variability. Anthropogenic or human-induced factors encompass 

coastal infrastructure development, sand mining, deforestation of mangroves, and unplanned 

urbanization along the shoreline. Coastal erosion can lead to the loss of land, habitats, and infrastructure, 

thereby affecting both ecological and socio-economic systems. Sea-level rise is the gradual increase in 

the average level of the world’s oceans, primarily driven by thermal expansion due to global warming 

and the melting of glaciers and ice sheets. Other contributing factors include changes in ocean currents 

and land subsidence. The conceptual framework highlights the interconnectedness of coastal erosion 

and sea-level rise. Rising sea levels intensify shoreline retreat and increase the frequency and severity 

of flooding, while ongoing erosion further weakens natural coastal defenses, creating a feedback loop 

that exacerbates the vulnerability of coastal regions. This framework provides a basis for understanding 

the causes, impacts, and management strategies of coastal vulnerability in India. 

Causes of Coastal Erosion and Sea-Level Rise in India 

Coastal erosion and sea-level rise in India are influenced by a combination of natural processes and 

human-induced activities, which together exacerbate the vulnerability of the country’s extensive 

shoreline. 

A. Natural Causes 

Tectonic activities play a significant role in shaping India’s coastal landscape. Earthquakes and land 

subsidence in tectonically active regions can lead to sudden changes in shoreline position and increase 

the susceptibility of coasts to erosion. 

Cyclones and storm surges are frequent along India’s eastern coastline, particularly in the Bay of 

Bengal. These extreme weather events generate high waves, strong winds, and abnormal tidal 

conditions, leading to accelerated coastal erosion, flooding, and sediment displacement. Wave 

dynamics and coastal sediment transport are continuous processes that shape the shoreline. Waves, 

currents, and tides move sand and sediments along the coast, naturally causing erosion in some areas 

while depositing sediment in others. Variations in wave energy, seasonal monsoon impacts, and changes 

in sediment supply influence the rate and intensity of erosion. River delta subsidence, especially in 

deltaic regions like the Sundarbans, contributes to coastal vulnerability. The deposition of sediments 

over centuries is counterbalanced by land sinking due to natural compaction and sediment reduction 

caused by upstream damming. This makes deltaic coasts prone to erosion and flooding. 

B. Human-Induced Causes 

Coastal infrastructure development, including ports, harbors, seawalls, and resorts, alters natural 

sediment flow and wave patterns, often accelerating shoreline retreat in adjacent areas. Sand mining 

and deforestation of mangroves reduce natural coastal protection. Mangroves act as buffers against 

wave action and storm surges, and their removal leads to increased erosion and loss of biodiversity. 

Urbanization and land reclamation projects have intensified pressure on coastal zones. Expansion 

of cities and industrial areas often involves filling wetlands, encroaching on natural barriers, and 

disrupting sediment supply. 

Climate change and global warming impacts amplify both natural and human-induced causes. Rising 

sea levels due to thermal expansion and glacier melt increase flooding and erosion, while changes in 

storm frequency and intensity further destabilize coastal zones. 

Together, these natural and anthropogenic factors interact, creating a complex system where coastal 

erosion and sea-level rise threaten ecosystems, infrastructure, and human settlements along India’s 

shores. 

Spatial Analysis: Regional Case Studies 

India’s long and diverse coastline is exposed to varying environmental pressures and human activities. 

The pattern and intensity of coastal erosion and sea-level rise differ across regions due to geographical, 

climatic, and socio-economic factors. A regional analysis of India’s West Coast, East Coast, and 

Island territories reveals distinct causes and consequences. 
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1. West Coast: Kerala, Goa, and Maharashtra 

The western coastline of India faces significant erosion due to a combination of tourism pressure, 

sand mining, and infrastructure development. In Kerala, approximately 45% of the coastline is 

affected by erosion, particularly in districts such as Alappuzha, Kollam, and Ernakulam. The 

construction of seawalls, coastal roads, and resorts has altered natural sediment movement, while 

unregulated sand mining has further destabilized beaches. Seasonal monsoon waves also accelerate 

shoreline retreat. Goa has experienced an erosion rate affecting nearly 25–27% of its beaches. Rapid 

growth of beach tourism, including shacks, hotels, and sea-view properties, has led to dune destruction 

and reduced natural resilience. Seasonal cyclones and storm surges during the monsoon season have 

intensified the problem, especially along the Salcete and Bardez coastlines. In Maharashtra, coastal 

areas like Ratnagiri and Palghar are witnessing erosion due to excessive sand extraction and the loss of 

mangrove cover. Mangrove destruction has weakened natural barriers, making coastal villages 

increasingly vulnerable to tidal surges and flooding. 

2. East Coast: Odisha, Andhra Pradesh, and Tamil Nadu 

The eastern coast of India, facing the Bay of Bengal, is highly vulnerable to cyclones, deltaic erosion, 

and flooding. In Odisha, nearly 26% of the coastline has been eroded between 1990 and 2018. Frequent 

cyclones such as Fani (2019) and Yaas (2021) have caused massive shoreline retreat, particularly in 

Kendrapara and Jagatsinghpur districts. The Mahanadi delta is experiencing severe sediment loss due 

to upstream damming. 

Andhra Pradesh’s coastline, stretching over 970 km, has been subject to both erosion and accretion. 

Areas near Visakhapatnam and Krishna delta show high erosion rates due to cyclonic storms and port 

construction that disrupt natural sediment flow. In Tamil Nadu, erosion is most severe near 

Nagapattinam, Cuddalore, and Chennai. Rising sea levels, frequent cyclones, and unplanned coastal 

development—such as expansion of ports and harbors—have worsened land loss. Urbanization and 

removal of natural dunes have increased the risk of flooding and salinization. 

3. Islands: Andaman & Nicobar and Lakshadweep 

India’s island territories are the most fragile and are facing the direct consequences of sea-level rise. 

In the Andaman and Nicobar Islands, post-tsunami tectonic subsidence and ongoing sea-level rise 

have led to coastal inundation and mangrove loss. Coral reef degradation due to warming oceans has 

further reduced the islands’ natural protection against waves and erosion. The Lakshadweep Islands, 

being low-lying coral atolls, are particularly vulnerable. Studies indicate a continuous sea-level rise 

since the 1950s, leading to beach narrowing and loss of land area. Coral bleaching events, caused by 

rising sea surface temperatures, have weakened reef structures that once acted as natural barriers. 

Consequences 

Coastal erosion and sea-level rise have led to widespread environmental and socio-economic 

consequences across India’s coastal regions. 

(A) Environmental Impacts: One of the major environmental outcomes is the loss of coastal habitats, 

including mangroves, coral reefs, and wetlands, which serve as natural barriers against storms and 

erosion. Their destruction disrupts the ecological balance and reduces carbon sequestration capacity. 

Salinization of groundwater and soil is another critical issue, as seawater intrusion contaminates 

freshwater sources, making them unsuitable for drinking and irrigation. Moreover, biodiversity 

degradation occurs due to the loss of breeding and feeding grounds for marine species, endangering 

fish populations and coastal flora and fauna. 

(B) Socio-Economic Impacts: The socio-economic effects are equally alarming. Coastal communities 

face displacement as their homes and land are lost to erosion and flooding. This results in the loss of 

livelihood, particularly for fishermen and those dependent on tourism-based income. Heritage sites 

such as coastal temples, forts, and monuments are also at risk due to continuous shoreline retreat. 

Additionally, agriculture suffers from saline intrusion, reducing soil fertility and crop productivity. 

Freshwater scarcity further aggravates living conditions, creating long-term economic and social 

instability in vulnerable coastal zones. 

Adaptation and Mitigation Strategies 

To address the growing challenges of coastal erosion and sea-level rise in India, a combination of policy 

measures, engineering interventions, ecological restoration, and international cooperation is 

essential. 

➢ Coastal Zone Management Policies: India’s Coastal Regulation Zone (CRZ) Notification, 2011 

and the Coastal Zone Management Plan (CZMP) are major frameworks that regulate human 
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activities along the coast. These policies classify coastal areas into different zones and restrict 

construction, sand mining, and industrial expansion in sensitive areas. Their goal is to promote 

sustainable coastal development while minimizing ecological damage. 

➢ Engineering Measures: Physical structures such as sea walls, groynes, and artificial reefs are 

commonly used to protect vulnerable shorelines from wave action and erosion. While these 

structures offer temporary protection, they must be designed carefully to avoid disrupting natural 

sediment movement. 

➢ Ecosystem-Based Approaches: Restoration of mangroves, coral reefs, and sand dunes provides 

long-term, nature-based protection. Mangrove forests act as natural buffers against storm surges, 

while coral reefs reduce wave energy and prevent beach erosion. 

➢ Early Warning and Preparedness: Developing early warning systems for cyclones, floods, and 

storm surges helps in minimizing human and economic losses. Community awareness and disaster 

preparedness programs further enhance resilience. 

➢ International Cooperation: India actively participates in global initiatives such as the IPCC 

(Intergovernmental Panel on Climate Change) and UNFCCC (United Nations Framework 

Convention on Climate Change). These platforms encourage international collaboration in research, 

funding, and sharing best practices for climate adaptation and mitigation in coastal regions. 

Role of Technology and Research 

Technological advancements and scientific research play a crucial role in understanding, monitoring, 

and managing coastal erosion and sea-level rise in India. Modern tools such as GIS (Geographic 

Information Systems), remote sensing, and predictive climate models have revolutionized coastal 

studies by providing accurate, real-time, and large-scale data for analysis and planning. 

1. GIS and Remote Sensing in Coastal Monitoring: GIS and remote sensing technologies are widely 

used to map shoreline changes, identify erosion-prone zones, and assess land-use patterns. Satellite 

imagery from platforms such as Landsat, Sentinel, and IRS (Indian Remote Sensing Satellites) 

helps researchers track coastal transformations over time. These tools allow policymakers to make 

data-driven decisions for coastal zone management and infrastructure planning. 

2. Satellite-Based Data for Erosion Mapping: High-resolution satellite data provide precise 

information about sediment movement, beach width variation, and tidal influences. Institutions like 

the Indian Space Research Organisation (ISRO) and the National Centre for Coastal Research 

(NCCR) use satellite monitoring to detect erosion hotspots along India’s coastline and assess the 

effectiveness of mitigation measures. 

3. Predictive Climate Models: Climate models simulate future scenarios of sea-level rise, storm 

surges, and temperature changes based on greenhouse gas emission patterns. These projections 

help in forecasting potential risks and preparing long-term coastal adaptation strategies. By 

integrating field observations, satellite data, and climate models, scientists can develop more reliable 

predictions for coastal resilience planning. 

Policy Framework and Government Initiatives 

India has developed several policy frameworks and government initiatives to address the growing 

challenges of coastal erosion and sea-level rise. The National Coastal Mission (NCM), launched under 

the National Action Plan on Climate Change (NAPCC), aims to conserve and protect coastal ecosystems 

through sustainable management, livelihood diversification, and community participation. It 

emphasizes ecosystem-based adaptation measures, such as mangrove restoration, coral reef protection, 

and the promotion of green infrastructure along vulnerable coastlines. 

The National Centre for Coastal Research (NCCR) under the Ministry of Earth Sciences plays a vital 

role in scientific monitoring and research on shoreline changes, sediment transport, and sea-level 

variations. The NCCR provides real-time data and technical inputs to both central and state governments 

for evidence-based coastal planning. The Integrated Coastal Zone Management (ICZM) Project, 

supported by the World Bank, focuses on balancing developmental activities with environmental 

conservation. It has been implemented in states like Gujarat, Odisha, and West Bengal to promote 

sustainable coastal development through better regulation, restoration of degraded ecosystems, and 

improved disaster management practices. 

At the state level, the enforcement of Coastal Regulation Zone (CRZ) norms ensures that 

developmental activities comply with environmental safeguards. States are encouraged to integrate 

community-based management strategies, involving local fishermen, NGOs, and coastal residents, 

in planning and implementation processes. Such participatory governance helps in enhancing local 
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resilience, promoting traditional knowledge systems, and ensuring long-term sustainability of India’s 

coastal regions. 

Future Challenges and Recommendations 

India’s vast coastline continues to face increasing threats from climate change, unplanned development, 

and population pressure. Addressing these challenges requires a forward-looking and integrated 

approach that balances development with environmental protection. 

One of the major future challenges is ensuring sustainable coastal development. Rapid urbanization, 

port expansion, and tourism infrastructure often come at the cost of natural habitats such as mangroves, 

sand dunes, and coral reefs. There is an urgent need to adopt eco-friendly construction practices, 

regulate sand mining, and promote renewable coastal livelihoods like sustainable fishing and eco-

tourism. Another critical issue is balancing economic activities with ecological conservation. Coastal 

regions are economic hubs that support industries, trade, and fisheries, yet their overexploitation leads 

to irreversible ecological loss. Policymakers must integrate environmental impact assessments (EIA) 

into all coastal projects and encourage green technologies that minimize pollution and habitat 

destruction. Public awareness and education are essential components for achieving long-term 

resilience. Coastal communities should be educated about climate risks, early warning systems, and 

sustainable resource use. Including coastal conservation topics in school and college curricula can help 

create a generation more sensitive to environmental concerns. Finally, strengthening local governance 

is key to effective coastal management. Empowering local bodies, Panchayati Raj institutions, and 

coastal community organizations to participate in planning and decision-making ensures better 

implementation of laws and policies. Transparent governance, backed by scientific data and local 

participation, can significantly enhance India’s preparedness against the growing impacts of coastal 

erosion and sea-level rise. 

Conclusion 

Coastal erosion and sea-level rise represent some of the most pressing environmental challenges for 

India in the 21st century. With over 7,500 km of coastline, millions of people depend directly on coastal 

ecosystems for their livelihood, housing, and food security. However, increasing sea levels, intensified 

cyclones, and human-induced alterations such as sand mining, urban expansion, and infrastructure 

development have severely destabilized India’s coastal zones (NCCR, 2022). The problem is not merely 

environmental but socio-economic, threatening biodiversity, displacing coastal populations, and 

endangering heritage sites. To safeguard both human and ecological systems, integrated coastal 

management is essential—combining policy measures, technological tools, community participation, 

and ecosystem-based approaches (MoEFCC, 2021). Strengthening the implementation of frameworks 

such as the Coastal Regulation Zone (CRZ) Notification and Integrated Coastal Zone Management 

(ICZM) Project can ensure a balance between development and conservation. 

Furthermore, addressing these issues demands a long-term and climate-resilient perspective. 

Investments in early warning systems, mangrove restoration, and climate research will help mitigate 

the future impacts of global warming and sea-level rise (IPCC, 2023). Ultimately, India must adopt a 

holistic strategy that integrates science, policy, and community action to ensure the sustainability and 

resilience of its coastal environments for generations to come. 
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