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ABSTRACT 

More than 40% of the world’s population relies on the coastal zone for their habitats. Significantly, 

sea-level rise due to recent climate change is having a major impact on local and regional coastal 

communities and their infrastructure. Government authorities have a significant responsibility to their 

communities for managing the effects of sea-level rise. However, while most local authorities are not 

well engaged and have don't have a clear understanding of issues arising from sea level rise. This 

paper identifies some gaps in the legal and policy options available to local government when 

managing the effects of sea-level rise due to climate change, and outlines the challenges facing local 

government in adapting to sea-level rise and climate change. The present study suggests some 

initiatives are necessary to improve the “climatic resistance” against the impacts of sea-level rise. 

Making preparation against extreme climatic events like cyclones, tsunami storms and etc., which 

improving the social-economic of the coastal population.  From this, we concluded local plans 

provide a significant overarching tool for implementing strategies to deal with sea-level rise as part of 

overall growth management currently done for sustainable development. Analyzes the role of local 

people in coastal areas on how they can develop and practice sea-level rise adaptation in the context 

of policy framework with the recommendation of integrated planning for coastal events and climate 

resilience using grounded theory for the long-term sustainable development plan. 
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INTRODUCTION  

The coastal communities are highly 

dependent on the coastal ecosystem and its 

resources [1]. However, the coastal 

ecosystem is highly vulnerable to local sea-
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level rise and extreme climatic events.  The 

coastal ecosystem is also under pressure 

due to overpopulation, [2, 3, 4]. The 

inundation risk may lead to dislocation of 

the human population, damage of human 

settlements and coastal structures, and loss 

of agriculture and industrial production [5]. 

The coastal vulnerability by sea-level rise 

takes place mainly at the local level where 

people encounter the impact, build adaptive 

capacity, and respond at the local level [6]. 

A regional perspective is important 

irrespective of adaptation/mitigation to 

anticipate a range of potential issues, such 

as physical changes (interruption of 

sediment supply) or socioeconomic issues 

(the creation of environmental migrants 

and refugees) in the coastal regions. 

Policies that address the forces contributing 

to local sea-level rise should be framed and 

actions that reduce the vulnerability and 

consequences are implemented. The 

uncertainties of future sea-level rise are 

now recognized to be inevitable and the 

local planners must amend their singular 

traditional paradigm of planning to 

accommodate multiple scenarios. Such 

impacts of future uncertainties should be 

embraced by local decision-makers and 

policy planners in their short-term and 

long-term tasks. The coastal communities 

looking for solutions at the local level to 

minimize the specific challenges and 

circumstances, the impact of sea-level rise 

in each region. The community attitudes to 

under-adaptation, tolerance of economic 

opportunity costs, and tolerance of 

uncertainty seem to determine how 

aggressive a community will choose to be 

in developing responses to sea-level rise [7] 

and most localities have not overcome the 

political barriers to action. It’s 

recommended that an “Integrated Coastal 

Zone Management Plan” for the region 

towards increasing the resilience and 

adaptive capacity to ensure a long-term 

sustainable development in the regional 

coastal areas. 

 
Figure 1: Sea level hind casts and projections for different models calibrated with different temperature 

and sea level data, Source: Kemp et al., 2011 [41] 
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Making a Plan 

Adaptive planning is an ongoing process of 

coordination and collaboration between the 

local government and the local community.  

However, the “Community-based 

Adaptation” (CBA) plan is emerging as a 

new dimension to the adaptation of sea-

level rise [8]. A community-based 

adaptation process should empower the 

community to plan and cope with the 

impacts of the sea-level rise [9]. The local 

people have ‘the local practice and 

indigenous knowledge and networks’ to 

take effective resilience strategy to fight 

against the adverse situations of the risk in 

sea level rise [10]. The community-based 

adaptation plan has the resilience of 

livelihood to the local people, minimizes 

the impact of sea-level risk, strengthens the 

capacity of local civil society and 

government institutions, and advocacy and 

social mobilization to address the 

underlying causes of vulnerability [8]. 

These coping practices have an important 

role to accept adaptation strategies and 

enhance community participation [11, 12, 

13]. In this regard, the local leaders, 

voluntary agencies, and civil society 

organizations are working in coastal 

districts to train the local people for local 

adaptive options by the technique 

compatible with ecological, geographical, 

and unique lifestyles [6]. 

Most of the coastal protection areas are 

vulnerable to sea-level rise and high 

priority for public investment like industrial 

compounds, recreational facilities, and 

human settlements. “The Federal Council” 

is the local level executive council for 

planning and policymaking on regional 

coastal management for mitigation and 

adaptation needs of low-lying coastal 

protection areas. The council contains all 

levels of government, private sectors, non-

governmental agencies, and community 

leaders at the local areas with the local 

people. The prime role of the federal 

council is to develop and sustain adaptation 

strategies, evaluate potential alternatives, 

facilitate best practices, and build necessary 

capacity at the local level. The federal 

council will be relied upon by the 

government and the local people to develop 

and sustain collaboration and coordination 

mechanisms at the national and regional 

levels that will provide the funding and 

guidance for research, monitoring, model 

development, and implementation at the 

local level. The federal council brought 

together various experts, panelists, and the 

local people to discuss and deal with the 

community with sea-level rise and provide 

practical tools for local implementation. 

The Federal council will address the issues 

of sea-level rise to the local community and 

will vulnerability assessment and 
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adaptation plan local level and raise the 

issues in local wise with the federal 

government. Local plans provide a 

significant overarching tool for 

implementing strategies to deal with sea-

level rise as part of overall growth 

management currently done for sustainable 

development. 

 

 
Figure 2: China and India lead in Greening due to Human Activity 

Source: Adapted from [44] 

 

Develop Local adaptation strategies 

The developing countries lack capabilities 

to develop the adaptation strategies to 

reduce their vulnerability to sea-level rise 

due to lack of resources, technology, and 

finance.  In the coastal region, the 

adaptation strategies should be based on the 

aspiration of the adapting communities 

[14]. The local adaptation strategies derive 

practical with feasible to the local people to 

build climate resilience in their coastal 

region. The part of the adaptation 

strategies, disaster preparedness, hazard 

mapping, and warning of climate events in 

coastal regions must be practiced by the 

local communities. Conversation of high 

productive wetland and Planting mangroves 

and other vegetation in the coastal areas are 

to absorb water and adapt from coastal 

erosion [15]. The bio-diverse ecosystems 

induce the stability of the coastal ecosystem 

and also the coastal biodiversity: the 

wetlands, mangroves, coral reefs, and 

dunes all absorb water and energy that 

reduce the coastal impacts [16]. The best 

attempt on climate resilience is to provide 

alternative livelihood options to the local 

community and reduce the stress on the 

coastal infrastructure and both can 

minimize the impacts of extreme weather 

events in coastal regions (Table 1). 
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Table 1: Major physical impacts of sea-level rise and adaptation responses 

Natural System Effect Possible Adaptation Responses 
1 Inundation flood and 

(a) Surge (sea) storm damage 
(b) Backwater effect (river) 

Dikes/surge barriers, building codes/flood wise 
buildings, land use planning/hazard delineation 

2 Wetland loss (and change) Land use planning, managed realignment /forbid hard 
defenses, nourishment/sediment management 

3 Erosion (direct and indirect morphological 
changes) 

Cost defenses, nourishment, building setbacks 

4 Saltwater intrusion 
(a) Surface Water 

Saltwater intrusion barriers, change water abstraction 

(b) Ground Water Freshwater injection, change water abstraction 
5 Raising water table/impeded drainage Upgrade drainage system, polders, change land use, land 

use planning/hazard delineation 
Source: Adapted from [42] 

 

Adaptation against coastal disasters  

The frequency and magnitude of coastal 

disasters have been increasing in recent 

years which resulted in the loss of human 

lives, destroying coastal infrastructure, 

damaging ecological niches, diversifying 

coastal economies, and disrupting social 

networks. The local population will harbor 

knowledge, prepare and responsive 

institutions for disaster and climate 

resilience in the eco-fragile coastal region 

are more likely to be able to minimize the 

extreme weather events. The local people 

are living in the low-lying coastal region 

into the future planning and development 

process is necessary to frame integrated 

adaptation strategies for disasters and 

extreme weather events in coastal regions. 

The “Community Based Disaster 

Management” (CBDM) is the best 

adaptation plan to manage coastal disasters 

[17]. The plan has to enhance the local and 

regional governance systems, an early 

warning system for coastal disasters, and 

technological improvement for disaster 

management with the active participation 

of local people in the disaster-prone area 

will successfully adopt the coastal 

population from coastal disasters. The 

CBDM has to enhance the capacity and 

knowledge by multilevel governance 

systems to mobilize the resource to the 

resilience of various climate events in the 

coastal region.  Much cost-effective 

planning, location, design, and maintenance 

measures can be implemented to reduce the 

risk and vulnerability of roads and 

infrastructure [18]. Improvement of 

warning system for climate events in 

coastal areas and development or repair and 

maintenance of cyclone shelters to mitigate 

the impact in the coastal region. Implement 

post-disaster redevelopment planning is the 

post adaptation plan for coastal disasters 

like cyclones and storm surges.   

Local adaptation against coastal erosion  

The coasts are more sensitive to climate 

change impacts of sea-level rise. The 

projection of IPCC (2007) projected that 

the mean sea level will increase between 
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0.18 and 0.59m in 2100 (Figure 1) and 

32% of the current beaches are more 

vulnerable to shoreline erosion during that 

time. The sea-level rise exacerbates 

shoreline erosion, inundates coastal 

ecosystems, eliminates wetlands, and 

challenges the human-built structures. The 

shoreline erosion in general increases in the 

water depth above the coral reef which 

allows larger and more forceful waves to 

pass over them, reaching sandy beaches 

[19]. The beaches are more sensitive to sea-

level rise and up to 45% of total current 

beaches are directly impacted by shoreline 

erosion in 2100 [20]. The coastal 

infrastructure and its stocks are at 

increasing risk due to damage by shoreline 

erosion in low-lying coastal regions [21]. 

The potential response strategies like dune 

fixation, beach nourishment, and the 

building of seawalls to protect the 

vulnerable coastal urban and industrial 

regions. The coastal erosion zone has to 

develop a sustainable ecosystem by eco-

engineering techniques such as 

conservation, restoration, and mitigating 

coastal erosion [22]. The local government 

also motivates the people to cultivate the 

mangrove forest in the erosion zone to 

minimize the coastal impact. However, 

implementation of the Integrated Coastal 

Zone Management Plan for the coastal 

region with upgrading awareness and 

building regulation is the effective 

adaptation against coastal erosion in the 

ecologically fragile coastal regions. 

Local adaptation against coastal 

aquaculture  

The sea-level rise will increase the 

vulnerability of coastal areas and one of the 

major effects will be the loss of coastal 

habitat which provides nesting for sea 

animals. Global warming is a significant 

threat to the primary production in the 

marine environment which leads to affects 

fish production which in turn marine food 

chain and human consumption and also 

affect the economics of fisheries worldwide 

[23]. The future climate impact is predicted 

to have a huge stress on the morphological 

structure and geographical diversity of 

marine fishes [24]. According to the 

“Special Report on Emission Scenarios 

(SRES) A1B, the climate change impacts 

on marine fish production in 2050 decrease 

the supply of fish protein to the world 

population. Overall, 56 million people 

around the world depend on fishing for 

their livelihood, and fish production 

reduced by 4 percent globally. The low fish 

production in the river delta due to high 

saline water intrusion will adversely impact 

the fishing industry. There is a huge 

urgency to implement mitigation and 

adaptation strategies to enhance fish 

production and minimize the climate 

impact on fish production. Implement 

“ecosystem conservation policies” to the 
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vulnerable coastal region with the 

participation of the local fishermen 

community. The local government has to 

introduce salt-tolerant fish species in the 

coastal region based on the coastal nature 

for sustaining the coastal aquaculture.  

Local adaptation against agriculture  

In future decade, the agriculture production 

in the delta region has a huge impact by 

flood hazards, saline water incursion, and 

scarcity of groundwater table, prolonged 

water logging, rapid industrial and urban 

development and therefore will drastically 

reduce crops yields [25]. A relevant, robust, 

and easily operating adaptation framework 

with all crucial components in agriculture 

productions can be implemented by the 

local farmers, all stakeholders, 

practitioners, policymakers, and scientists. 

It is necessary to promote the farmers to 

simple adaptation strategies such as 

rainwater harvesting and drip irrigation 

model to the high saline region to 

agriculture. The water-saving irrigation 

practice increases the water use efficiency 

of crops and the economic advantage is 

marginal due to low-cost water. Encourage 

the local population to cultivate the crops 

sensitive to water deficit stress and low 

micro nutritional status of soil in the high 

saline coastal region [26]. The 

implementation options on adaptation in 

the coastal region are likely to have 

significant benefits under moderate climate 

impacts for some cropping systems. In the 

saline region to encourage the local farmers 

to cultivate to saline – tolerant crops for 

sustainable agriculture production [27]. The 

governmental sector can provide training 

and assistance to the local farmers in the 

saline coastal regions for soil fertility 

management practices and fertilizers usage 

[28]. In addition, train the local farmers to 

increase the climate adoptive capacity to 

agriculture production in the high saline 

regions and the adapt strategies on an early 

warning system, climate tolerant genotypes, 

crop insurance, and climate risk 

management. The adaptation strategies also 

included the issues on the climate change 

with other risk factors, such as climate 

variability, market risk, and other policy 

domains for sustainable development in the 

agriculture sector.  

Local adaptation against seawater 

intrusion  

The coastal regions are threatened by 

booming population growth and have water 

scarcity in coastal areas due to reduced 

precipitation and overexploitation of 

groundwater resources. In the low-lying 

coastal regions, the saltwater intrusion in 

groundwater bodies is higher than in other 

regions due to overexploitation of coastal 

aquifers [29]. The soil fertility will thus be 

diminished and soil nature also deteriorates 

due to seawater intrusion. In the mixing 

zone of fresh and saline water, the 
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freshwater is getting contaminated by 

saline intrusion [30]. In addition, the 

increased salinity in the coastal area will 

influence soil productivity and more 

challenging to irrigation of farmland which 

reduces food production [31]. The best 

mitigation plan is systematically 

maintaining the groundwater table levels in 

coastal areas that may help to reduce the 

hydrological gradient from seawater. 

Implementation of integrated water 

resource management plan in water scarcity 

regions by wastewater reuse and 

sustainable plan to avoid the seawater 

intrusion [32]. The simple adaptation model 

to motivate the local people for rainwater 

harvesting should be implemented by the 

local government. This practice can reduce 

the water scarcity in coastal areas, 

providing safe drinking water to coastal 

communities.  

Local adaptation against coastal 

infrastructure  

The coastal region mound on pressure by 

human settlement and infrastructure and the 

coastal areas have more to explore and 

invest for more infrastructures over the 

coming years [33]. The coastal 

infrastructure and industries are adversely 

impacted by flood and cyclones and 

therefore need an enhancing resilience of 

coastal settlement from the impacts of sea-

level rise and extreme climate events. 

Many coastal jurisdictions include climate 

change in local hazard mitigation plans; 

because the local people incorporating 

hazard reduction mechanisms in their land 

use plans experience less damage from a 

disasters [34]. As a stand-alone plan, there 

is no need for any legal prerequisite for 

implementation or compliance and local 

jurisdictions allowing, at times even 

incentivizing, planning in hazardous areas 

can increase a disasters damaging effects 

by making development in these areas less 

expensive through government hazard 

reduction subsidies [35]. Every county 

incorporated the coastal city is required to 

have a local comprehensive land-use plan 

to guide “the orderly and balanced future 

economic, social, physical, environmental, 

and fiscal development of the area”. Each 

plan should be consistent with the state 

comprehensive plan and appropriate 

regional policy plan on the sea-level rise 

when taken as a whole. The local coastal 

community includes a sea-level rise in their 

binding policy documents, the majority 

called for tentative planning in future 

community infrastructure, development 

regulations, land use amendments, or beach 

and inlet management for sustainability or 

adaptation plan.  
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Table 3: Strategies to adapt to an uncertain climate change 
Strategies to adapt to an uncertain climate change 

(i) Selecting “no-regret” strategies 
(ii) Favoring reversible and flexible options 
(iii) Buying “safety margins” in new investments 
(iv) Promoting soft adaptation strategies 
(v) Reducing decision time horizons 

Source: Adapted from [3] 

 

Facilitate best practices 

Understanding the public perception of risk 

in sea level rise and the factors that 

influence it has been established. It is 

crucial to generate support for response to 

sea-level rise. Moreover, such 

understanding is necessary for framing and 

communicating policies to the local people 

to ensure a proper inclusive public 

participation in critical emerging climatic 

issues [36]. Develop specific sea-level 

adaptation strategies for target groups 

which include decision-makers, community 

leaders, local people, recreation and 

tourism groups, media, and local non-

governmental agencies. The adaptation in 

sea level rise should know to make 

informed decisions and the local 

community should be familiar with flood 

maps, as well as inundation/hazard 

mapping. The local government should 

protect the coastal areas by hard 

engineering structures like sea walls to 

minimize the threat from high tides, rough 

waves, rogue waves, storm surges, and 

inundation at predictable water levels. The 

coastal polders' structure to reduce the risk 

of cyclone and storm surges has worsened 

the situation as the polders “de-linked the 

flood plains from the rivers [37]. The local 

house building specialists and other local 

stakeholders to build a local knowledge-

based house building design which includes 

raising foundations of the house structure 

and raising platforms within homes where 

people can take shelter during floods or 

cyclones and reducing the need to flee from 

their homes [38]. Facilitate cooperation 

between states and federal agencies and 

regional associations to the coastal 

properties and the coastal properties in 

vulnerable areas should be insured through 

long-term planning to minimize the risk in 

coastal settlements. The local government 

can able to mobilize a climate fund for 

local people to assist efforts in sea-level-

rise adaptation, and such revenues could 

use to minimize the coastal disasters and 

climate refugees [39]. Academic 

communities will be linked with scientific 

communities and government agencies to 

disseminate recent, credible, scientific 

information on coastal management to the 

local people. Create awareness to the local 

people on indigenous climate-allied health 

impacts and must improve by involving 
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local hospitals, primary health centers, 

voluntary agencies, and federal agencies in 

coastal regions. Increase awareness of sea-

level impacts through print and social 

media information campaigns, cooperation 

with schools, and collective activities by 

local civil societies [40-44]. Moreover, 

frequent campaigns of cleaning our 

coastlines are required to deal with climate 

mitigation, saving energy and reduction of 

greenhouse gas emissions, and 

conservation of coastal resources.  

CONCLUSION  

This paper focuse on impact assessment of 

the threat of rising sea levels to the 

developing countries and emphasizes 

community-based adaptation. From this, we 

identified that there is a huge gap between 

the government policies and strategies in 

decision-making for local sea level 

adaptation in developing countries such as 

India. Hence, we suggest some initiatives 

are necessary to practice for the future 

followed by. 1). Improve the “climate 

change resistance” against the current and 

predicted impacts of sea-level rise, 2). 

Making preparation against extreme 

climate events decreases the social-

economic cost of the community, 3). To 

reduce the threats from climate events we 

have to gather knowledge and adaptive 

practice from the local community. Local 

plans provide a significant overarching tool 

for implementing strategies to deal with 

sea-level rise as part of overall growth 

management currently done for sustainable 

development. 
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