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Abstract  

Coastal zones are increasingly vulnerable to the adverse impacts of sea-level rise, which poses 

significant risks to ecosystems, infrastructure, and human settlements. Rising sea levels, 

accelerated by climate change and global warming, threaten low-lying coastal regions through 

erosion, saltwater intrusion, storm surges, and permanent inundation. This study emphasizes 

the importance of mapping risk and resilience as a tool for identifying hotspots of vulnerability 

and prioritizing adaptive strategies. By integrating geospatial techniques, socio-economic 

assessments, and climate modeling, the research highlights how exposure, sensitivity, and 

adaptive capacity vary across coastal communities. It further demonstrates that resilience 

depends not only on physical infrastructure but also on social preparedness, governance 

frameworks, and sustainable development planning. Understanding the spatial patterns of 

vulnerability allows policymakers, planners, and communities to develop context-specific 

strategies to mitigate risks and build resilience. This research underscores that proactive 

adaptation and risk-mapping are crucial for safeguarding coastal regions against the 

accelerating challenges of sea-level rise. 
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Introduction 

Coastal vulnerability to sea-level rise has emerged as one of the most urgent global concerns 

in the era of climate change, threatening not only fragile ecosystems but also the socio-

economic stability of millions of people who inhabit low-lying coastal regions. As global 

temperatures continue to rise due to anthropogenic greenhouse gas emissions, thermal 

expansion of oceans and accelerated melting of glaciers and ice sheets have contributed 

significantly to rising sea levels, with projections indicating an increase of up to one meter or 

more by the end of the century. Such changes have profound implications for coastal areas, 

which face intensified risks of permanent inundation, saline water intrusion into freshwater 

systems, coastal erosion, storm surges, and flooding, thereby jeopardizing agricultural 

productivity, fisheries, infrastructure, urban settlements, and cultural heritage sites. The 

vulnerability of coastal communities is not uniform, as it is shaped by a combination of physical 

exposure, ecological sensitivity, socio-economic conditions, and the adaptive capacity of 

institutions and communities to respond to these challenges. Densely populated delta regions, 

small island developing states, and urbanized coastal zones are particularly at risk, where high 

dependence on coastal resources and limited adaptive mechanisms exacerbate their 
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susceptibility. Mapping risk and resilience has therefore become a critical approach to 

understanding the spatial dimensions of vulnerability, allowing researchers and policymakers 

to identify hotspots, prioritize interventions, and design adaptive strategies that integrate 

engineering solutions with ecosystem-based approaches such as mangrove restoration and 

sustainable land-use planning. Moreover, resilience is increasingly recognized not just as the 

ability to withstand shocks but also as the capacity to adapt and transform in ways that reduce 

long-term vulnerability. In this context, coastal vulnerability to sea-level rise must be addressed 

through a multidisciplinary framework that integrates climate science, geospatial technology, 

social sciences, and governance mechanisms, ensuring that strategies are both scientifically 

informed and socially inclusive. Ultimately, the urgency of addressing coastal vulnerability lies 

not only in protecting natural environments and built infrastructure but also in safeguarding 

human lives, livelihoods, and the socio-cultural fabric of coastal societies, making it a global 

development and security priority. Sea-level rise represents one of the most pressing 

consequences of global climate change, posing profound threats to coastal systems that serve 

as hubs of biodiversity, economic activity, and human settlement. Coastal regions, which host 

nearly 40% of the world’s population, are increasingly exposed to hazards such as flooding, 

storm surges, shoreline retreat, and salinization of groundwater, with low-lying deltas, 

estuaries, and small island states facing existential risks. The Intergovernmental Panel on 

Climate Change (IPCC) projects accelerating sea-level rise over the 21st century, driven by 

melting polar ice sheets and oceanic thermal expansion, which will compound the vulnerability 

of already fragile socio-ecological systems. However, the impacts of sea-level rise are not 

evenly distributed, as marginalized communities, resource-dependent livelihoods, and 

developing countries often lack the infrastructure, institutional capacity, and financial resources 

to implement effective adaptation measures, creating climate justice concerns. Mapping risk 

and resilience has therefore become a vital tool for identifying geographic hotspots of 

vulnerability, assessing exposure of people and assets, and informing integrated adaptation 

policies. Geospatial technologies such as remote sensing, GIS, and climate modeling allow 

researchers to simulate inundation scenarios, quantify risks, and guide decision-making at 

local, national, and regional scales. At the same time, resilience frameworks emphasize the 

importance of combining engineered defenses—like sea walls and elevated infrastructure—

with ecosystem-based solutions such as mangrove restoration, coral reef protection, and 

wetland conservation, which provide sustainable and cost-effective buffers against sea-level 

rise. Moreover, community-based adaptation, participatory planning, and cross-border 

governance mechanisms are increasingly recognized as essential to ensure that adaptation 

strategies are inclusive, equitable, and socially acceptable. In this sense, coastal vulnerability 

is not merely a physical or environmental problem but a multidimensional challenge that 

intersects with poverty, urbanization, migration, and national security. Addressing it requires 

holistic approaches that integrate science, policy, and local knowledge while strengthening 

resilience capacities that enable communities not only to survive but to thrive amidst changing 

coastal dynamics. Thus, the study of coastal vulnerability to sea-level rise through the lens of 

risk and resilience mapping provides critical insights for designing adaptive pathways that 

secure both human well-being and ecological sustainability in an era of unprecedented 

environmental change. 
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Urban Coastal Risks 

Urban coastal regions stand at the frontline of climate change impacts, as rising sea levels, 

intensified storm surges, and frequent flooding pose severe risks to cities that are home to 

millions of people and critical infrastructure. Today, nearly two-thirds of the world’s 

megacities—such as Mumbai, Dhaka, Jakarta, New York, Shanghai, and Lagos—are located 

in low-lying coastal zones, making them highly vulnerable to inundation and erosion. The 

economic consequences are immense, as these cities serve as hubs of global trade, finance, and 

manufacturing, with vital assets such as ports, airports, power plants, and transportation 

networks concentrated along coastlines. Sea-level rise not only threatens physical 

infrastructure but also exacerbates housing insecurity, particularly in informal settlements 

where poor communities often occupy flood-prone areas with inadequate drainage and 

protective barriers. Health risks, including waterborne diseases, salinity intrusion into drinking 

water, and disruption of sanitation systems, further amplify vulnerabilities in densely populated 

coastal cities. Moreover, urbanization-driven land reclamation, subsidence from groundwater 

extraction, and unplanned development intensify exposure to sea-level rise, making some cities 

like Jakarta sink faster than global averages. As urban populations continue to grow, the 

resilience of coastal cities becomes a defining factor in global climate adaptation, requiring 

integrated approaches that combine engineering defenses such as sea walls and elevated 

infrastructure with nature-based solutions like mangrove belts and wetland restoration. 

Importantly, governance, planning, and equitable resource allocation play a critical role in 

ensuring that adaptation strategies protect not only economic assets but also marginalized 

populations who are often most at risk. Thus, urban coastal risks highlight the intersection of 

environmental change, social vulnerability, and economic sustainability, making them a central 

challenge in the broader discourse on climate resilience. 

 

Delta and Estuary Vulnerability 

Deltas and estuaries represent some of the most fertile and densely populated regions in the 

world, yet they are among the most vulnerable landscapes to the impacts of sea-level rise, 

subsidence, and climate change. Formed by the deposition of sediments carried by rivers, deltas 

such as the Ganga-Brahmaputra-Meghna in South Asia, the Mekong in Southeast Asia, and the 

Nile in Africa are critical for agriculture, fisheries, biodiversity, and human settlement, 

supporting hundreds of millions of people. However, their low elevation, flat terrain, and 

proximity to coasts make them highly susceptible to permanent inundation, saline water 

intrusion, and intensified flooding. Anthropogenic pressures—such as dam construction 

upstream that reduces sediment supply, groundwater extraction leading to land subsidence, and 

large-scale urban and industrial development—further weaken the natural resilience of deltas 

and estuaries, leaving them unable to naturally replenish and adapt to rising seas. Estuarine 

systems, which act as vital nurseries for marine species and buffers against storm surges, are 

also threatened by pollution, habitat destruction, and reduced freshwater inflows, leading to 

ecological degradation and loss of livelihoods. The vulnerability of these regions has cascading 

socio-economic consequences, as agricultural productivity declines due to soil salinization, 

freshwater resources become scarce, and millions face displacement from coastal flooding. 

Moreover, many deltas and estuaries are transboundary in nature, creating additional 
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geopolitical challenges in terms of water and resource management. Addressing these risks 

requires integrated strategies that combine sediment management, ecosystem restoration, 

controlled flooding, and sustainable land-use planning while strengthening adaptive capacity 

at community and governance levels. Thus, the vulnerability of deltas and estuaries to sea-level 

rise underscores their position as climate hotspots, where environmental, economic, and social 

risks converge, demanding urgent global and regional responses to secure resilience and long-

term sustainability. 

 

Small Island Developing States (SIDS) 

Small Island Developing States (SIDS) are among the most threatened regions in the world 

when it comes to sea-level rise, as their limited land area, low elevation, and heavy reliance on 

coastal ecosystems make them exceptionally vulnerable to even minor increases in ocean 

levels. Countries such as the Maldives, Tuvalu, Kiribati, and the Marshall Islands face the 

existential threat of large-scale inundation, where entire communities could be displaced and, 

in extreme cases, entire nations rendered uninhabitable within the century. Rising seas 

exacerbate storm surges, coastal erosion, and flooding, placing critical infrastructure—airports, 

ports, and freshwater reservoirs—at severe risk. For many SIDS, tourism and fisheries are the 

backbone of national economies, yet these sectors are highly sensitive to environmental 

degradation caused by climate change. Compounding this vulnerability is the limited adaptive 

capacity of SIDS, as most have small economies, scarce resources, and high dependency on 

international aid and cooperation. Climate-induced displacement and the potential for “climate 

refugees” raise serious questions of sovereignty, identity, and international law, as populations 

may be forced to relocate beyond their territorial boundaries. For these reasons, SIDS have 

been vocal advocates in global climate negotiations, emphasizing the urgency of limiting global 

warming and securing financial and technical assistance for adaptation. Protecting SIDS 

requires not only engineering solutions but also ecosystem-based approaches such as coral reef 

and mangrove restoration, combined with regional and global solidarity to ensure that these 

nations are not left behind in the face of climate-driven transformations. 

 

Saltwater Intrusion & Food Security 

Saltwater intrusion, a direct consequence of rising sea levels and excessive groundwater 

extraction in coastal regions, poses a severe threat to freshwater availability, agricultural 

productivity, and ultimately food security. As saline water penetrates rivers, aquifers, and soils, 

the quality of drinking water deteriorates, leading to public health challenges, while fertile 

agricultural land becomes unsuitable for traditional crops due to increased salinity. This 

phenomenon is particularly acute in densely populated coastal deltas such as the Ganga-

Brahmaputra-Meghna, Mekong, and Nile, where millions rely on irrigated agriculture for 

subsistence and livelihoods. Reduced crop yields, declining fisheries, and contamination of 

freshwater ponds undermine both local economies and national food supply chains, making 

vulnerable populations highly dependent on external support. Moreover, saltwater intrusion has 

long-term ecological consequences, degrading wetlands, mangroves, and biodiversity-rich 

ecosystems that act as natural buffers against coastal hazards. In many developing countries, 

where adaptive capacities are limited, communities often lack the resources to shift to salt-
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tolerant crops, invest in desalination, or develop alternative livelihoods, thereby deepening 

cycles of poverty and vulnerability. With climate change intensifying storm surges and altering 

river flows, the risk of saline intrusion is expected to worsen, making food security a critical 

dimension of coastal vulnerability. Addressing this challenge requires integrated solutions such 

as sustainable groundwater management, salt-resistant crop varieties, community-based 

adaptation practices, and regional cooperation to safeguard both agricultural systems and 

human well-being. Thus, saltwater intrusion represents not just an environmental concern but 

a profound socio-economic and humanitarian issue directly tied to the resilience of coastal 

populations in an era of rising seas. 

 

Migration and Security Dimensions 

Sea-level rise is increasingly recognized as not only an environmental and developmental 

challenge but also a catalyst for large-scale human migration and a driver of security concerns 

at national, regional, and global levels. As coastal communities face recurrent flooding, land 

loss, saltwater intrusion, and declining agricultural productivity, millions of people—especially 

in vulnerable deltas, small islands, and densely populated coastal megacities—may be forced 

to relocate permanently, giving rise to “climate-induced displacement.” Low-lying nations such 

as Bangladesh and the Maldives, as well as regions like the Mekong and Nile deltas, are 

projected to witness significant population shifts as rising seas make traditional livelihoods 

unsustainable. Such migration is not merely a humanitarian concern but also a geopolitical one, 

as the influx of displaced populations places stress on urban infrastructure, social services, and 

labor markets, potentially leading to social tensions and conflict. In extreme cases, entire 

communities may lose habitable land, raising unprecedented legal and ethical questions 

regarding sovereignty, citizenship, and the status of “climate refugees,” which existing 

international refugee frameworks do not adequately address. Security implications extend 

beyond migration, as resource scarcity, contested land, and declining fisheries could exacerbate 

regional disputes, trigger competition over freshwater, and destabilize fragile states. Moreover, 

unplanned migration may lead to rapid urbanization in already overstressed cities, heightening 

risks of inequality, poverty, and political instability. Addressing these challenges requires 

proactive planning, including managed retreat strategies, resilient urban development, and 

international cooperation to recognize and protect displaced populations. Thus, the migration 

and security dimensions of sea-level rise highlight the interconnection between environmental 

change, human survival, and geopolitical stability, underscoring the need for comprehensive 

strategies that combine adaptation, humanitarian protection, and global governance reform. 

 

Conclusion 

Coastal vulnerability to sea-level rise is no longer a distant environmental issue but an 

immediate reality with profound implications for ecosystems, human societies, and global 

security. The risks facing urban centers, deltas, estuaries, small island developing states, and 

food systems highlight that the impacts of rising seas cut across environmental, socio-

economic, and geopolitical dimensions. Mapping risk and resilience offers a critical framework 

for understanding not only where vulnerabilities are concentrated but also how resilience can 

be built through proactive adaptation strategies that blend technological, ecological, and 
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community-based solutions. However, the challenge is deeply uneven, with marginalized 

populations, resource-dependent livelihoods, and developing nations bearing the heaviest 

burdens while having the least adaptive capacity, raising urgent questions of equity and climate 

justice. Strengthening resilience therefore requires an integrated approach that goes beyond 

engineering solutions, incorporating nature-based strategies such as mangrove restoration, 

coral reef protection, and wetland conservation alongside institutional reforms, inclusive 

governance, and cross-border cooperation. Equally important is the recognition of migration 

and security implications, which demand innovative legal frameworks, humanitarian 

protections, and international solidarity to address the plight of climate-displaced populations. 

Ultimately, building resilience to sea-level rise is not merely about defending coastlines but 

about safeguarding lives, livelihoods, cultural heritage, and the socio-political stability of 

nations. The urgency of this challenge demands coordinated global action, sustained financial 

commitments, and adaptive governance systems that can evolve in response to uncertainty. By 

framing coastal vulnerability through the dual lens of risk and resilience, this study underscores 

the need for holistic, forward-looking strategies that secure a sustainable and equitable future 

for coastal societies in the face of accelerating climate change. 
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