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Introduction
Climate change and the associated rise in global mean 

temperature is projected to lead to accelerating global mean sea 
level rise (SLR) over the twenty-first century. Two major causes of 
SLR were identified. First one is the expansion of ocean water due 
to global warming induced thermal expansion, and the second is 
the addition of ice water on the ocean from the land through the 
melting of glacier ice sheets [1]. The combined impact of these two 
causes has increased global sea level by at least 0.6 m by the end of 
the century (for the period 2090-2099 relative to 1980-1999) [2]. 
Studies indicate that ice sheets from the Greenland and Antarctica  
could contribute an additional 0.3 m SLR by the end of the century  

 
[2,3]. The U.S. Global Change Research Program projected that by  
the year 2100, the average SLR would have been between 0.3m 
and 1.2m since the 2014 assessment [4]. The Intergovernmental 
Panel on Climate Change (IPCC) argued that the consequences of 
SLR will likely be greater for least developed countries and small 
island countries.

The Fifth Assessment Report (AR5) of the IPCC reported that, 
recent observations of global average SLR at a rate of 0.0032m 
per year and projected that if greenhouse gas emissions continue 
to keep up with the current rate, global average sea level could 
rise by nearly one-meter by 2100 [1]. World Bank [5] explains that 
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SLR is happening more rapidly than it was projected earlier. It is 
almost unavoidable to see a 0.5m rise in sea level by 2050 due to 
past greenhouse gas emissions. If the world community particu-
larly developed and industrialized countries could limit warming 
to 2°C, it may limit SLR to 0.7m by the end of this century. On the 
other hand, if greenhouse gas emission increases and global tem-
perature rises to 4°C by 2100, sea level projected to be rise one m 
and 1.10-1.15m near to the equator. However, most of the SLR re-
lated impact studies have focused only on the developed countries 
and provide limited data on developing and coastal countries [2].

An increasing trend in the global mean sea level (GMSL) has 
been observed under different climate change scenarios reported 
by the five IPCC reports (Figure1). The First Assessment Report 
(FAR) estimated an average GMSL rise of 1.2±0.3mm/year for the 

period of 1880-1982. The Second Assessment Report (SAR) es-
timated an average GMSL rise of 1.8±0.8mm/year over the 20th 
century. This range is slightly higher than the FAR estimates. The 
Third Assessment Report (TAR) estimated an average GMSL rise of 
1.8±0.1mm/year for the 20th century. The value is almost like SAR 
estimates but with reduced uncertainty. The Fourth Assessment 
Report (AR4) estimated an average GMSL rise of 1.8±0.5mm/
year for the period of 1961-2003. The AR5 estimated observed 
SLR rates based on geological data and instrumental record (tide 
gauge and satellite data). Records of tide gauge stations suggest 
that the long-term trend in GMSL rise is 1.7±0.2mm/year between 
1901 and 2010. From the high-precision satellite altimetry record 
of 1993-2012, a GMSL rate of 3.2±0.4mm/year and from 1993-
2003, a GMSL rate of 3.1±0.7mm/year have been observed.

Figure 1: Comparative value of observed global mean sea level (source: compiled from the IPCC assessment reports). Note: AR: 
Assessment Report; SAR: Second Assessment Report; TAR: Third Assessment Report. 

Table 1: The risk from sea level rise between 2010-2100 in South Asia.

SLR/Temperature Around 1.5°C (2030) Around 2°C (2040) Around 3°C (2060) Around 4°C (2080)

0.2 m in 2010

0.3m in 2040 0.3m in 2040 0.3m in 2040 0.3m in 2040

0.5m in 2070 0.5m in 2070 0.5m in 2060 0.5m in 2060

0.7m in 2080-2100 0.7m in 2080-2100 0.9m in 2080-2100 1.05m in 2080- 2100

Source: World Bank [5]. Note: SLR: Sea Level Rise

South Asia is more vulnerable to climate change as at 4°C 
global warming sea level is projected to be rise approximately 
0.9-1.05m by 2080-2100, monsoon rainfall to become more 
variable with greater frequency of devastating floods, as well as 
prolonged droughts. Glacier melting and snow cover loss could be 
severe, and unusual heat extremes in the summer months (June 
to August) are projected to affect 70% of the land area (Table 1).

The coastal zones of the world contain large human populations 
and significant socio-economic activities. Fertile coastal lowlands, 
abundant marine resources, water transportation, aesthetic 
beauty, and intrinsic values have long motivated coastal 
population. Coastal economies include commercial, recreational, 
and subsistence fisheries; ports and industrial facilities that rely 
on shipping; and tourism, agriculture, and forestry dependent 
on the coastal climate [6]. Based on the recent projections, it 
was observed that current and future climate change would be 
expected to have several impacts, particularly on coastal social-
ecological systems. The impacts are flooding, SLR, erosion, 
salinity, cyclone and storm surge, changes in surface water quality 

and groundwater characteristics, impacts on agriculture and 
aquaculture, coastal infrastructures which have direct impact on 
community in different forms like displacement of people, loss 
of livelihoods, and submergence of low-lying areas as well as the 
socio-economic costs [2,7]. 

Bangladesh, a low-lying country facing the Bay of Bengal, 
comprises of 19 coastal districts (among 12 districts are exposed 
to the sea and lower estuaries) consisting of 710km which 
make the country one of the most disaster-prone and climate-
vulnerable countries in the world [8,9]. The coastal area lies about 
1.5-11.8m above the mean sea level. The estuarine islands are 
constantly being changed shape and position due to river erosion 
and new alluvial deposition. These areas are subject to flooding 
in the monsoon season and waterlogging in parts of the basin 
areas in the dry season [10]. Scholars have analysed risks of SLR 
in Bangladesh from different perspectives like human security 
risk [11,12], adaptation, and mitigation [13], the involvement of 
local institutions (non-governmental organizations (NGOs), civil 
society organizations (CSOs) and community-based organizations 
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(CBOs)) [14,15], however, only a very few discussed the issue of 
SLR vulnerabilities and resilience strategies in the coastline of 
Bangladesh. 

Bangladesh is on the forefront for adaptation efforts among 
least developed countries, which has gained experience with 
‘community-based adaptation (CBA)’ approaches and could 
potentially serve as a role model for other countries. A CBA 
approach can be very effective in resilience building process as 
the climate change vulnerability takes place mainly at the local 
level where people encounter impacts, build adaptive capacity, 
and response [16]. The concept is considered most suitable to 
implement adaptation on the community level, according to actual 
needs and capabilities, to empower people to help themselves, and 
develop local ownership for adaptation, and avoid mal-adaptation. 
To fight against imminent SLR related risks several CBA initiatives 
have been undertaken by the donors, government, development 
partners, and local institutions along the coastal zones of 
Bangladesh. However, due to the lack of proper government 
initiatives and follow-up and highly centralized organizational 
setup, climate change adaptation and resilience projects failed to 
show their actual outputs [17]. Therefore, it is worth to investigate 
what are the impacts of SLR in the coastline of Bangladesh, how 
communities can adapt with the vulnerability and changes, what 
are the initiatives of government and local institutions, the role of 
indigenous knowledge and structural adaptation can contribute 
to resilience building process of the local vulnerable communities. 
This review study reviewed and analysed SLR related reports and 
project documents of government agencies, donors, NGOs, CSOs 
and CBOs, as well as scholarly articles on SLR, CBA, indigenous 
knowledge (IK)-based adaptation, structural adaptation and 
community resilience to climate change and SLR related 
issues in Bangladesh. Photographs of examples on SLR related 
adaptations (CBA, IK-based adaptation and structural adaptation) 
in Bangladesh also collected from internet searching with given 
proper citation. 

Sea level rise and its impacts on the coastline of Ban-
gladesh

The AR5 indicates that vast coastal communities living in 
the South Asian countries such as Bangladesh are becoming 
increasingly vulnerable to the imposing threat of SLR. Bangladesh 
located in the delta of three large river systems in the world ─ the 
Ganges, the Brahmaputra and Meghna. This unique geographical 
setting makes the country highly vulnerable to SLR as the coastal 
zone covering the country’s 32% of the total land mass where 28% 
of the total population (density 1,000/km2) living here [18]. More 
than half of the coastal zone (56.37%) in Bangladesh are currently 
threatened with cyclonic storm surges with around 45% area 
under threat from surges of more than one-meter [19]. Drainage 
congestion and water logging are already an alarming problem 
and likely to be exacerbated by SLR and increased river flooding. 
As a result of reduced upstream flow, the silt flocculates/deposit 
in the riverbed which restricts the removal of excess water from 

the countryside and causes drainage congestion [20].

Salinity intrusion in the coastal regions is one of the major 
effects of SLR, which is currently evident in not only the various 
existent freshwater sources but also in the soil, thus threatening 
drinking water security and crop production. The intrusion of sa-
line water will continue as the area under one-ppt salinity line is 
expected to increase by 18.22% and area under 5ppt salinity is 
expected to increase 24% by 2050 [21]. Due to increased SLR, al-
ready 53% of the coastal areas have been affected by salinity. This 
leads to decrease the agricultural productivity; increased food 
insecurity, along with increased salinity in drinking water sourc-
es by affecting groundwater. However, salinity limits the oppor-
tunity for supplemental irrigation of Aus. rice cultivation (sown 
in March-April, benefits from monsoon rains, and is harvested 
during July-August) in freshwater areas and damages the same 
crops by flooding during very high tides [22,23].

Based on global sea level data and modelling, Ericson et al. 
[24] have estimated that the SLR of the Bay of Bengal is the world’s 
highest, at 10mm/year. A 22 years tidal gauge data (1977-1998) 
found that the tidal level in Hiron Point, Char Changa and Cox’s 
Bazar coastal stations rose by 4.0, 6.0 and 7.8mm/year respectively 
[25]. In addition, the ground water level is sinking slightly because 
of tectonic movements that pushed up the average relative SLR 
[26]. Another study observed SLR at different tidal water level 
stations in Hiron Point, Moheshkhali, Sandwip and Cox’s Bazar 
and found the change in mean SLR was 5.5, 7.5, 5.05 and 7.04mm/
year respectively from the period of 1968-2002 [21]. United 
Kingdom’s Department for Environment, Food and Rural Affairs 
[27] calculated that the projected SLR ranged from 0.53-0.97m in 
37 coastal stations on the southern coast of Bangladesh for the 
year of 2100, where the predicted global SLR is 0.09-0.88m for 
2100. Finally, the Climate Change Cell of Bangladesh considered 
that the range of SLR on Bangladesh coast over the 30 years is 
6-21mm/year [20].

Furthermore, a World Bank [5] study also identified the fol-
lowing potential threats of SLR in the coastline of Bangladesh: 

a)	 some 1.5-1.54 million people would be affected by 2070 by 
one-meter SLR and permanent relocation of 13 million peo-
ple; 

b)	 about 20 million people are already affecting by salinity in-
trusion in their drinking water; 

c)	 contamination of drinking water by salinity intrusion may 
cause increasing diseases; 

d)	 extreme heat and more intense cyclone threatening food 
production and security, livelihoods and infrastructures, and 
slow down the poverty alleviation strategies; 

e)	 about 40% of the agricultural land will be lost by 0.0065 m 
SLR in 2040; 

f)	 by 2040, a 0.27 m SLR with storm surges could inundate an 
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area of more than  80% larger than the area inundated at 
present by a similar event.

Brecht et al. [28] reported that 1.5 million people in Dhaka, 
Chittagong and Khulna cities would be affected by one-meter SLR 
by 2070. Hanson et al. [29] estimated that only 0.5m SLR could be 
exposed to nearly 17 million people in Bangladesh. On the other 
hand, Yu et al. [30] calculated that rice production in Bangladesh 
will reduce approximately 80 million ton from 2005-2050 (loss 
of US$2.68 billion per year) which decline the 5.14% of national 
gross domestic product due to SLR and other climatic impacts.

An anthropogenic 0.45m SLR combined with other forms of 
anthropogenic stress on the Sundarbans the world’s largest nat-
ural mangrove forest could lead to the destruction of 75% of the 
Sundarbans mangroves [31]. This would not only affect coastal 
ecosystems but also thousands of poor households depending on 
the Sundarbans resources. It is evident that mangroves can miti-
gate or reduce the risk of natural disasters such as cyclones and 
tsunamis [32-34]. Furthermore, a meter SLR may cause complete 
losses of the Sundarbans resulting loss of heritage, biodiversity 
and fisheries resources. A 0.28m SLR will cause a decline of 96% 
iconic Royal Bengal Tigers (Panthera tigris tigris) habitat [35]. In 
addition, the distribution and habitat of the important cetaceans 
(aquatic mammals including such as dolphins) in Sundarbans, the 
Ganges river dolphin- (Platanista gangetica) preferring also to be 
affected due to SLR [36].

SLR along with high winds would allow saline water to over-
top the existing coastal protection embankments and submerge 
polders, which will affect crop yields and livelihood security. 
Salt water from the Bay of Bengal is reported to have penetrated 
100km or more along tributary channels during the dry season 
in past years. Approximately 1.02 million ha of arable lands have 
been affected to varying degrees by soil salinity, and vast areas of 
croplands in the lower estuary of the coast remain fallow during 
the dry (or rabi, winter cropping season) season due to high sa-
linity [37]. 

Adaptation and resilience strategy to sea level rise in 
Bangladesh 

Community-based adaptation approach

CBA to climate change identifies long-term adaptation knowl-
edge, transformed resilience, and adaptive capacity of vulnerable 
communities. CBA recognizes that environmental knowledge, 
vulnerability, and resilience to climatic impacts are embedded 
in societies and cultures. This means the focus is on empower-
ing communities to act based on their own decision-making pro-
cesses. Increased resilience to climate stresses can be achieved 
by enabling communities to enhance their capacity to cope with 
climate extreme. Ideally, CBA is a community-led and driven pro
cess— a partnership between institutions and communities— 
rather than something done for and imposed upon local peoples 
[38]. Although CBA is an emerging area, efforts are being made to 
develop participatory methodologies, raise awareness on climate 

change and foster adaptive capacity.

CBA is a community-led process, based on communities’ pri-
orities, needs, knowledge, and capacities, which should empower 
people to plan for and cope with the impacts of climate change 
[39]. In the light of increasing evidence that climate change is 
exerting on the lives and livelihoods of the poorest people in cli-
mate-vulnerable regions, and disappointment at the ‘top-down’ 
nature of much adaptation planning and investment that is failing 
to reach the most vulnerable, CBA projects and programmes are 
increasing in number and reach. However, despite this increase 
in attention to and practice of CBA, there remains a lack of par-
ticipatory, practical, replicable and relevant methodologies for 
measuring, monitoring and evaluating the results of adaptation in 
general, and CBA in particular [40].

Although community-based interventions are necessarily sit-
uated at the local level, it is crucial to recognise that CBA also de-
mands and promotes action at all other levels to achieve systemic 
and long-term change. CBA framework of CARE (a humanitarian 
organization) provides a holistic analytical approach for commu-
nities to plan adaptation actions that are informed by climate sci-
ence as well as by local observations of climate change. It builds 
the capacities of local and government institutions to better sup-
port communities’ adaptation efforts. It also addresses underlying 
causes of vulnerability, such as poor governance, gender-based 
inequality over resource use, or access to basic services, by influ-
encing the policy and enabling environment. The “CBA ‘flower’ 
diagram” (Figure 2) to emphasise the use of climate information, 
and the uncertain nature of climate risk, in guiding project/com-
munity decision-making as the critical distinguishing features of 
adaptation work [41].

Figure 2: The community-based adaptation ‘flower’ diagram 
(adapted from King [41]).

CBA has been recognized and promoted by the donor agencies 
in Bangladesh as a valid approach to coping with the adverse im-
pact of climate change. The development collaborates like Asian 
Development Bank (ADB), Japan International Cooperation Agen-
cy (JICA), United States Agency for International Development 
(USAID), Canadian International Development Agency (CIDA), 
Department for International Development (DFID), Food and Ag-
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riculture Organization of the United Nations (FAO), Swiss Agency 
for Development and Cooperation (SDC), Swedish International 
Development Cooperation Agency (SIDA), United Nations Devel-
opment Programme (UNDP) and World Bank are actively taking 
part in CBA to climate change in coastal Bangladesh. Different in-
ternational agencies supported from development partners like 
International Union for Conservation of Nature (IUCN), CARE, 
Practical Action, ActionAid, WaterAid, Islamic Relief Worldwide, 
Save the Children, Plan International, Oxfam, Concern World-
wide, Caritas, Christian Aid, World Fish, Bangladesh Centre for 
Advanced Studies (BCAS), and Action Research for Community 
Adaptation in Bangladesh (ARCAB) providing technical and finan-
cial support to local level NGOs for implementing CBA projects in 
vulnerable areas to address the imminent threat of SLR. All the 
CBA projects support the livelihood of a very high proportion of 
the country’s climate vulnerable population.

UNDP in Bangladesh emphasizes that the country needs to fo-
cus on CBA approach for water and agriculture sector to reduce 
the climate induced risks (i.e. SLR, salinity, flooding and water 
logging) and to protect its biodiversity and ecosystem [42]. With 
the growing emphasis on CBA approach, many national and inter-
national NGOs are working in Bangladesh to make the local peo-
ple accustomed to newer adaptive options and the technologies 
compatible to geographical, ecological and unique lifestyle [43]. 
Scholars argued that local people have the skills, experience, lo-
cal knowledge and networks to take effective resilience strategy 
to fight against adverse situation including climate change risks 
[44]. CBA, therefore, could be very effective for Bangladesh, since 
almost one-third (31.5%) of its population is living below the ex-
treme poverty line [45].

CBA initiatives in coastal Bangladesh can reach and benefit 
every single SLR affected community but need to be strategic at 
several levels. At the household level, it might be better to invest 
in ducks rather than chickens if flooding is becoming increasingly 
problematic. At the community level, it might make sense to cut 
losses and relocate a community if sea levels are rising and prob-
lems relating to seawater inundation are increasing, rather than 
investing in strengthening physical barriers to keep the sea at bay. 
While floating and hanging vegetable gardens have proved useful 
in coastal Bangladesh in the context of helping communities cope 
with the ever-increasing problems of water logging [46], hanging 
or floating roads or medical centres are not feasible [47].

‘The Local Disaster Risk Reduction Fund (LDRRF)’ in Ban-
gladesh is an example for the successful upscaling CBA project in 
the coastal areas. The LDRRF’s key objective was to support the 
implementation of risk reduction measures identified by vulner-
able communities through community risk assessment. LDRRF 
provides grants to NGOs and local governments, who implement 
risk reduction measures at the community level under the leader-
ship of local Disaster Management Committees. The project has 
provided funds for 699 small-scale risk reduction interventions 
across five districts and will eventually reach 40 vulnerable dis-

tricts to climate change [48].

Using radio and school curricula to communicate risks and 
empower communities with knowledge of risk preparedness, is 
another successful example of how expanding partnerships to 
work with other sectors, can enhance the reach of messages and 
information to communities, and scale-up CBA to protect health. 
The Climate Change and Health Promotion Unit (CCHPU) under 
the Ministry of Health and Family Welfare has been piloting sev-
eral health adaptation projects to translate national risk manage-
ment priorities to the community level. Mechanisms they have 
been using include: 

a)	 Community-based research on the sensitivity of health to cli-
matic conditions [49]; 

b)	 Community radio and ‘edutainment’ to communicate risks 
and transmit education about preparedness;

c)	 Empowerment of youth as local activists, risk communica-
tors and health advocates; 

d)	 Mainstreaming climate change risk awareness into school 
curricula to sensitise children to hazards and protective 
health behaviour; and 

e)	 CBA using public-private partnership (PPP) at vulnerable lo-
cations [50].

CCHPU in the coastal districts developed a school manual, 
‘Climate Change and Health Safety’, to create awareness of cli-
mate risks to health among parents, students, and teachers. The 
manual was based on two World Health Organization manuals 
for students and teachers (WHO- SEARO 2008) [51]. A range of 
stakeholders specialised in disease control and education, from 
government and civil society, came together with experts in cli-
mate change and education manual development in order to in-
corporate the manual into the National School Curriculum. The 
CCHPU and two local NGOs of two different coastal areas at Ka-
liganj, Shatkhira (Radio Nolta) and Shitakundu, Chittagong (Ra-
dio Sagorgiri) have jointly developed two-hour-long radio pro-
grammes broadcast daily. These radio shows are an ‘edutainment’ 
approach, using folk media and local languages to reach vulner-
able communities on increasing community awareness of health 
risks associated with climate change, the preventive actions they 
could take to stay healthy and how to understand and respond 
to various alerts issued by early warning systems for imminent 
threats of local floods and cyclones [50].

In the flood-prone haor (wetland) area of Bangladesh, vulner-
able people are now using floating garden (a floating garden is 
built using aquatic weeds mostly by water hyacinth with soil and 
compost as a base on which vegetables can be grown) technolo-
gy or locally known as baira during the flood and water logging 
(Figure 3), and found useful for improving nutritional security, 
income, employment, and land use capacity [52]. The size of the 
raft can be made to suit the circumstances of the user. Leafy vege-
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tables, ladies’ finger, gourd, bean, eggplant, radish, potato, pump-
kin, and spices including chili, onion, garlic, turmeric and mustard 
crops can produce and can move from one place to another. Af-
ter the end of the growing season, the rafts are used as compost 
[53]. During periods of flood and water logging, field crops often 
perish, but crops on baira can survive. It was found that the lo-

cal practice was improved with scientific and technological input 
by NGOs. This resulted in longer and stronger beds, cultivation of 
diversified vegetables and crops rotation, as well as people can 
meet their household food requirements and earn an additional 
income [54].

Figure 3: Floating garden agriculture in Bangladesh: 

a)	 Floating seedbeds in the submerged agri-field with newly seedlings (source: Wetland Resource Development Society); 

b)	 Integrated floating cage-aquaponics system (source: flickr/theworldfishcenter); 

c)	 A woman harvesting vegetables form her floating garden (source: www.saltwaterin.blogspot.com);

d)	 Freshwater cage aquaculture (source: www.inclusivebusiness.net)

Cage aquaculture (Figure 3), another promising CBA strate-
gy in Bangladesh to assist poor villager in developing small-scale 
cage culture practices to produce a range of freshwater fish spe-
cies which could provide food for home consumption and earn 
income. The choice of species included Tilapia (Oreochromis ni-
loticus), Chinese carps (Cyprinus carpio), catfish (Pangassius spp.), 
silver carp (Oreochromis niloticus), crab (Scylla serata) and the 
freshwater prawn. Cage culture has advantages over other aqua-
culture systems that are potentially important in terms of uptake 
by rural poor and landless people. This technique would be more 
promising during flood and water logging condition [17].

Likewise, in Noakhali, a coastal district of Bangladesh, raising 
and reinforcing homestead to cope with the flooding and cyclone 
is another example of a successful CBA which was implemented 
by IUCN. The project builds an IK-based building design which 
includes raising foundations of house structure and raising plat-
forms within homes where people can take shelter during flood or 
cyclone and reduce need to flee from their homes [55]. CIDA ini-
tiated a project called ‘Reducing Vulnerability to Climate Change’ 
for six coastal districts in Bangladesh which were implemented by 
CARE-Bangladesh. The goal of the project was to increase adap-
tive capacity and awareness of local communities to address the 
adverse impact of climate change, especially of SLR. The findings 
of the project were: improved the community understanding and 
responding capacity to climate change; local organizations were 
better able to manage the climate change impacts and acquired 
skills and knowledge to advocacy; local government organizations 

were sensitized to the need for strategic interventions to enhance 
the adaptive capacity of the communities [56].

In addition, to address the salinity problem in Sundarbans 
mangrove forest, villagers building their houses on a raised plat-
form and reserved rainwater in sealed containers, called Motki 
made by potter and buried into clay soil near houses. Similarly, 
they started shrimp farming as an alternative to rice cultivation 
[57]. Additionally, another study systematically explored the im-
portance of IK to climate change, CBA approach to adaptation and 
sustainable people’s development in the coastal areas of Bangla-
desh [58]. Furthermore, Rawlani and Sovacool [59] examine the 
drivers, benefits, and challenges to CBA in Bangladesh. They ex-
plored how the ‘Community-Based Adaptation to Climate Change 
through Coastal Afforestation (CBACC-CF)’ project builds various 
types of adaptive capacity in coastal areas and its implementation 
and what lessons offer it for other adaptation programmes. The 
study summarized that the technology by itself is only a partial 
element of successful adaptation efforts where cross-sectoral, in-
stitutional, and infrastructural dimensions are needed, to build 
effective resilience process.

‘Integrated Planning for Sustainable Water Management’ was 
another good example for successful project implementation 
where local communities were directly involved in the project 
planning and implementation. Bangladesh Water Development 
Board initiated the project in the southwestern coastal region 
with the assistance of the Dutch Government to manage water re-
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sources and related issues with meaningful local people’s partic-
ipation. The project ensured water management organizations of 
local communities with effective participating in planning and su-
pervision of construction which created a kind of sense of owner-
ship of the scheme among them [60]. All over, CBA projects in Ban-
gladesh shows that the rate of acceptance of adaptation strategies 
was very high where local communities were directly involved in 
projects implementation.

Practical Action implemented the ‘Strengthening Community 
Resilience in the Southwestern Coastal Area’ project after dev-
astating cyclone Aila (2009) to improve the resilience of coastal 
communities through strengthened ecosystem functions and 
protected livelihoods. The communities are now benefitting from 
improved aquaculture practices and reduced negative pressure 
on natural aquatic animals, thereby enhancing livelihood oppor-
tunities. 

Center for Natural Resource Studies (CNRS) — a national NGO 
of Bangladesh — implemented the ‘Piloting Climate-Resilient De-
velopment Initiatives (2011-2012)’ project in a riverine area in 
order to improve CBA capacity by piloting sustainable agriculture 
practices and promoting land conservation. Demonstration and 
promotion of saline-tolerant rice varieties, promotion of crab (S. 
serata) fattening and duck breeding, alternative crops, and crop 
intensification were improved agriculture production whilst re-
ducing the effect of climate-related risks. Additionally, the project 
increased the capacity for coping with natural weather hazards 
by rehabilitating, reforestation mangrove forests, and renovating 
house and boat structures.

Gram Bikash Shohayak Shangstha (GBSS)— a local NGO of 
Bangladesh— implemented the ‘Coping with Climate Risks by 
Empowering Women in Coastal Areas’ project to reduce the vul-

nerability of people living in Dashmina Upazila by establishing 
‘Women Resource Centers’ that fostered a community approach to 
climate change awareness and adaptation planning. Teams of 18-
20 women were responsible for establishing and operating seed 
banks, planting nurseries, building vegetable gardens, rearing 
livestock, and coordinating climate change awareness campaigns. 
By empowering marginalized women, this project increased their 
access to resources, diversified livelihood activities, health and 
sanitation needs, and agricultural production.

‘Community-based Adaptation in Vulnerable Coastal Areas 
of Bangladesh (2011-2013)’ another successful CBA project im-
plemented by Practical Action in order to mainstream climate 
change adaptation and disaster risk reduction in community-lev-
el planning and programming. The project improved community 
understanding and capacity on climate change and variability and 
improved preparedness measure, enhanced adaptive and risk re-
duction capacity of the vulnerable community with viable adap-
tation options (agriculture, aquaculture, low-cost service for safe 
drinking water, climate-resilient community shelter/homes, solar 
home systems, biogas plants and clean technology such as planta-
tion, improved kitchen, etc.).

Satkhira Unnayan Sangstha (SUS)— a local NGO of Bangla-
desh— has been implemented several CBA initiatives in the coast-
al areas such as reed (Cyperus tagetiformus) cultivation, promot-
ing local (indigenous) rice varieties and time management to cope 
with flood and drought, dyke cropping to cope with water logging 
and salinity, agriculture on raised mound and homestead garden-
ing, commercially production of salt tolerant grass, crab (S. serata) 
cultivation, rainwater storage for drinking, and demonstrate and 
promote flood-resistant houses, etc. The Figure 4 shows different 
types of CBA to sea level rise in the coastline of Bangladesh such 
as: 

Figure 4: Different types of community-based adaptation to sea level rise in the coastline of Bangladesh: 

a)	 Floating house concept is experimenting in the field (source: http.climateadapted.blogspot.com); 

b)	 Raised house for the coastal people to protect from flooding and water logging (source: www.climatechangenews.com); 

c)	 Boat school for children (source: educateachild.org);

d)	 Artificial aquifer tubewell to treat contaminated surface water for domestic use on the saline-prone area (source: practicalaction.org).
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a)	 Floating house concept is experimenting in the field; 

b)	 Raised house for the coastal people to protect from flooding 
and water logging; 

c)	 Boat school for children; 

d)	 Artificial aquifer tubewell to treat contaminated surface wa-
ter.

Social networks— bonding networks with family and rela-
tives, and bridging networks with neighbours and friends— an-
other form of CBA and play a significant role during and after 
disasters in the coastal areas. Studies argued that rural people de-
pend on their social network and knowledge sharing which has an 
important role to accept adaptation strategies and enhance com-
munity participation in decision-making [61-63]. Lack of aware-
ness about risks related to SLR and choosing associated adaptive 
options make coastal dwellers dependent on their social networks 
about what to do for coping with climate change vulnerabilities, 
for example, shifting to saline tolerant crops, taking shelter during 
the storm surge and choosing livelihood options. Moreover, it 
was found that women act as a powerful agent in the social net-
work. Other social actors like government and non-governmental 
agencies focus more on the needs of women for short-term and 
long-term support [9]. Other studies observed that lack of social 
network and capital tend to have less capacity to cope with di-
sasters, increased traumatic stress disorder like depression and 
other psychosocial symptoms of the affected people [64,65]. Most 
resilient communities are work together toward a common goal 
where social networks allow individuals to draw on community 
resources and increase the likelihood that such communities can 
effectively address their collective concerns [66].

Indigenous knowledge-based approach

Rural IK-based approaches play an important role to reduce 
climate change vulnerability from early warning to take action 
against climatic impacts as an immediate coping strategy, hence 
contributing to climate change adaptation. A few studies on local 
and IK-based adaptation to climate change have been pursued in 
Bangladesh, such as [67-72]. These studies have found that such 
knowledge is practised from generation to generation and assists 
the community in making informed decisions about how to re-
spond to environmental changes and about how to adapt and im-
prove the situation. Although the local knowledge is time-, place- 
and culture-specific it makes individual and community adaptive 
as well as increases resilience capacity towards climate variability 
and change.

Some other studies have identified remedies and practices of 
communities for overcoming the challenges of SLR-related vari-
ability and change. These include floating garden in water-logged 
conditions [73,74], construction of floating platform for cattle ref-
uge during floods [73], building earthen embankments supported 
by bamboo fences and grass planting to reduce flood erosion [75], 
implementing water drainage systems around homesteads to stop 

salinity intrusion in the soil [76], and shifting cultivation time to 
avoid floods [73]. The knowledge associated with native rice vari-
eties also indicates their potential to tolerate drought, salinity, tid-
al submergence and waterlogging expected under climate change 
regimes [77].

Practices of IK facilitate the reduction of project cost and in-
creasing production cost. For example, Bass and Ramasamy [78] 
referring a CBA project called ‘Livelihood Adaptation to Climate 
Change (LACC)’ initiated by FAO to promote livelihood adapta-
tion and reduce vulnerability to climate change in drought-prone 
and coastal regions of Bangladesh. Their study observed that the 
adoption of rainwater harvesting and supplemental irrigation 
during drought improved the rice yield by 23% and net profit by 
75%. Water saving irrigation practice increased the water use ef-
ficiency of rice by 20% but yield and economic advantage are mar-
ginal due to the low cost of water. Adoption of the improved stove 
at household level requires an investment of US$10/household, 
while it saves 30% fuel use and reduces 35% time for cooking.

Alam [70] evaluates how IK and preparatory activities re-
duce the impact of climate change hazards and natural disaster 
of coastal dwellers of Bangladesh. The study also argued that 
people could anticipate storm surge from a ‘sense of cold’ without 
noticing weather signal. These anticipations prompt them to take 
shelter in safer places before storm surge occurs and reduces ca-
sualty likely to emanate from the devastating storm surges. The 
study concluded that people’s approach is more viable than the 
migration of the disaster-impacted people. Another innovative IK-
based adaptation in the southwestern coastal region of Bangla-
desh is ‘Tidal River Management’. This is a unique IK-based river 
management by the local community through collective efforts, 
where a huge area of land being raised to solve the severe drain-
age congestion and water logging problem caused by deposition 
of sediments in the main rivers [79,80].

Integrated farming of crops, fish and livestock in the same 
field plays an important role in increasing food production and 
more income in the saline, waterlogged and drought-prone areas 
of Bangladesh. The system is better than monoculture in terms of 
resource utilization, diversity, productivity, and both the quality 
and quantity of the food produced [81]. Using the Cobb-Douglas 
production function model, Ahmed [82] shown that the high-
est average annual productivity of rice per hectare was found 
in integrated farming (10,178kg) followed by rice monoculture 
(9,691kg) and alternate farming (4,986kg). Moreover, in the sub-
merged land area, spanning partly or a whole year, duck rearing 
can be a good CBA to use water logging productively.

In addition, CBA in agriculture can build on a large pool of 
existing IK and scientific knowledge. FAO experience (project re-
ports 2008-2011) suggests that the value of local and traditional 
agricultural practices is essential to shape long-term adaptation. 
FAO projects have led to successful results when replicating in-
digenous and known local practices in areas where they were not 
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practised before, and by complementing them with other prac-
tices based on scientific knowledge. This included, for instance, 
the integrated testing of indigenous and research-based salt and 
submerge-tolerant rice varieties in Bangladesh [83]. FAO [84] 
also recognised the importance of cultural awareness raising pro-
gramme (such as posters, leaflets, videos, folk and drama) on cli-
mate change adaptation in agriculture implemented by the ‘LACC’ 
project in Bangladesh. The Figure 5 shows different types of IK-

based adaptation approaches in the coastline of Bangladesh as for 
example: 

a)	 Villagers rebuild an embankment; 

b)	 Women are preparing a climate change vulnerability map; 

c)	 Swimming learning training for the children; and 

d)	 Climate change awareness through ‘‘Pot song’ (Bangla folk 
music).

Structural adaptation
Rehabilitation of coastal embankment: The major adaptation 

measures against flooding in the coastal region of Bangladesh 
are the construction of earthen embankments along the rivers as 
well as parallel to the coastline. The embankments are designed 

primarily to prevent flooding during high astronomical tides and 
are found useful during cyclone-generated storm surge too. These 
embankments are mostly useful to agricultural productions and 
flood protection. Due to recent SLR trends, the government has 
increased the heights and strengthening by planting trees along 
its sloping faces under social forestry regime (Figure 6).

Figure 5: Different types of indigenous knowledge-based adaptation approaches in the coastline of Bangladesh: 

a)	 Villagers rebuild an embankment (source: www.gettyimages.co.uk); 

b)	 Women are preparing a climate change vulnerability map (source: www.care.org); 

c)	 Swimming learning training for the children (source: www.jessicamudditt.com); 

d)	 Climate change awareness through ‘Pot song’ (source: www.machizo.com).

Figure 6: Different types of structural adaptation to sea level rise in the coastline of Bangladesh: 

a)	 Newly built coastal flood protection embankment (source: www.manchester.ac.uk); 

b)	 Multipurpose cyclone shelter centre; 

c)	 Coastal mangrove afforestation (source: www.cdsp.org.bd).

Construction of multipurpose cyclone shelters: An important 
and widely acceptable disaster and flood management option in 
Bangladesh is the construction of multipurpose cyclone shelters. 
These shelters have the following facilities raised plinth height, 
installing toilets on raised ground, installing tubewells, food pres-

ervation place, separate washroom for male and female, separate 
room for livestock, etc. Each shelter is designed to serve approx-
imately 2,000 people and to function as schools for children and 
community clinic in some places (Figure 6).

http://dx.doi.org/10.19080/IJESNR.2019.18.555983
www.gettyimages.co.uk
www.care.org
www.jessicamudditt.com
www.machizo.com
www.manchester.ac.uk
www.cdsp.org.bd


How to cite this article: sirul H, M Habibur R, Dilara R. An Evaluation of Sea Level Rise Vulnerability and Resilience Strategy to Climate Change in the 
Coastline of Bangladesh. Int J Environ Sci Nat Res. 2019; 18(2): 555983. DOI: 10.19080/IJESNR.2019.18.555983065

International Journal of Environmental Sciences & Natural Resources

Bank protection works: In addition to soft measures, there are 
several hard measures including seawall and revetment to protect 
the coast from erosion. This kind of measures, however, is still few 
in the coastal areas as it takes a huge investment and long-term 
maintenance. Coastal afforestation: In recent years, plantations in 
the coastal area as well as along the embankments are being ex-
tensively conducted to enhance flood mitigation measures in the 
coastal zone by the Bangladesh Forest Department since 1960-
61. Up to 2010, approximately 190,000 ha of accreted lands have 
been brought under coastal mangrove plantations (Figure 6). 
Additionally, till 2013, a total of 1,92,395 ha mangrove, 8,690 ha 
non-mangrove, 2,873 ha goalpata (Nypa fruticans) and 12,127 km 
strip plantations have been raised in the coastal areas [85].

Increased surface water flow: The major initiatives to reduce 
salinity intrusion are the increasing surface water flows from up-
stream, and protection of agricultural lands by constructing dykes. 
‘The Gorai River Restoration Project’ is an example of increasing 
surface water flows through deviating water from the Ganges Riv-
er towards the southwest. The effectiveness of such measures is 
high, but feasibility is low because of the high cost. Possibilities 
for increased local storage of fresh surface and groundwater in the 
area itself are low as well.

Integration of community participation into main-
streaming adaptation

Mainstreaming adaptation process is the systematic coor-
dination and partnership across institutions, stakeholders and 
tiers, and integration of local to country level development plans 
to reduce the climate vulnerabilities and adapt to the change. The 

government of Bangladesh has taken the necessary steps to facili-
tate achieving mainstreaming across all sectors and at every level. 
Some of the basic prerequisites for mainstreaming are awareness, 
orientation, capacity building, and advocacy at different levels and 
spheres of operation.

Klein et al. [86] argued that mainstreaming adaptation 
through community participation is more sustainable, effective 
and efficient than designing and managing policies separately 
from ongoing activities. The government, multilateral and bilater-
al agencies, and non-government agencies were taking an interest 
in CBA and starting to implement larger scale CBA programmes at 
the grassroots level [87]. However, CBA is grounded in community 
values, implemented by local practitioners but insufficient atten-
tion was given to building up links with government and political 
structures [88].

Systematically mainstreaming local adaptation approaches 
into local, regional and national government structures, policies, 
laws and planning processes is usually the best way to support the 
wide-scale replication of local approaches and achieve impact at 
scale [89]. Bangladesh is stepping up to address climate change 
issues in national-level planning processes by mainstreaming cli-
mate change adaptation and mitigation as well as establishing cli-
mate financing mechanisms. Multi-sectoral involvement and coor-
dination at the national level, cascading into local-level planning 
processes, could have the potential to bring tangible benefits for 
the nation (Figure 7). Nevertheless, synergies between plans and 
programmes need to be strengthened to achieve pro-poor, envi-
ronment-friendly, and climate-resilient development [90].

Figure 7: Integration of community-based adaptation into disaster risk reduction planning processes in Bangladesh (adapted from King 
[41]).

However, the study suggests that local institutions— public 
or private— can make a bridge between community participation 
and national level planning through facilitating adaptive support 
to the most vulnerable and excluded group of the society. Reid 
and Huq [87] stated that many CBA practitioners are based in 
NGOs, and increasingly government agencies, where it is difficult 
to dedicate much time to publishing work in academic journals. 
This means that much of their knowledge and experience is not 
shared as widely as it could be. For this reason, there is a need for 
extensive research on how to integrate community participation 
into national level frameworks. Finally, community participation 
in mainstreaming adaptation must build on improved learning 
from older natural resource management disciplines such as com-

munity-based natural resource management, however, could help 
inform CBA practice and policy-making [90].

In response to climate change risk, community participation 
has also been criticized for the problem of ‘effectiveness and 
‘effectiveness and legitimacy’ or ‘too generally identified’ the 
vulnerability and limited scope for the local institution to 
implement adaptation. Involvement of local institutions in 
the development of adaptation strategies is crucial where 
humanitarian organizations could lead adaptation measures to 
protect communities against impending climate risks as decades 
of experience in working with local actors to support local 
stakeholders [91].
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Involvement of local communities in CBA projects, indeed, 
does not require a lot of money rather CBA practices aware local 
communities to climate change risks, empower them to take an 
emergency decision, connect to social networks for information 
and resources, and enable to take part in the decision-making 
process [92]. The decentralization model of ‘Integrated Planning 
for Sustainable Water Management’ project created scope for the 
community to assert ‘local authority’ in water management. The 
project has initiated a long prevailing centralized and top-down 
model of water management towards a bottom-up and inclusive 
model of successful adaptation option [60].

In evaluating LACC project’s success, Baas and Ramasamy 
[78] stress that for reducing vulnerability and ensuring resilience 
to climate change and effective community participation is cru-
cial, and thereby it is imperative to integrate it in the institutions 
where ‘top-down’ approach and policy process were used. Like-
wise, evaluation of CBACC-CF project, it was identified that there 
is a lack of proper implementation and participation of local com-
munities; even suggest that the project is not the most prioritized 
need for them to reduce vulnerability. As for example, in Noakhali 
district, the greatest vulnerability is ‘water logging and salinity in-
trusion’ but government facilitated polder development projects 
that reduce regular water flow [57].

Coastal zone management from sea level rise in Ban-
gladesh 

After the independence, with the support of development 
partners, Bangladesh invested over US$10 billion in making the 
vulnerable people resilient to climate change. The prioritized ar-
eas for investments in coastal zone include cyclone shelters, coast-
al embankment projects, coastal greenbelt project, Sundarbans 
Biodiversity Conservation Project, different disaster manage-
ment projects, and building embankments, develop polders and 
cyclone shelters [93]. Bangladesh formulated a National Coastal 
Zone Policy (CZP) in 2005 to ensure sustainable development of 
coastal communities and to cope with the future climate change 
events. The intention of this policy was to harmonize coastal zone 
policies across sectors, ministries, departments and agencies to 
coordinate their activities. CZP proposes an institutional frame-
work for monitoring SLR and formulating programs to augment 
adaptation to SLR related impacts. CZP suggested for protecting 
the coastline, soil erosion, floods and storm surge at the coastlines 
by sea facing embankment which is later adopted in the NAPA 
(National Adaptation Programme of Action) of Bangladesh [94]. 
Moreover, a project has been executed by the Water Resources 
Planning Organization (WARPO) to develop an ‘Integrated Coastal 
Zone Management Plan’ from 2002-2006. It was aimed at devel-
oping capabilities and priority actions for coastal development in 
Bangladesh [95].

Promoting adaptation to coastal crop agriculture to combat 
increased salinity, and coastal fisheries through a culture of salt 
tolerant fish species; reduction of climate change hazards through 

coastal afforestation with community participation; providing 
drinking water to coastal communities for reducing increased 
salinity impact caused by SLR; promoting research on saline tol-
erant crop varieties to facilitate further adaptation in the future; 

and enhancing the resilience of urban infrastructure and indus-
tries adversely impacted by climate change including floods and 
cyclone, etc. are prioritizes actions and adaptation needs identi-
fied by NAPA [96].

Similarly, development of climate-resilient cropping system 
and production technologies; local and indigenous adaptation 
against salinity; improvement of disaster warning system; repair 
and maintenance of cyclone shelters; repair and maintenance 
of existing infrastructures like coastal polders, dams, roads, cul-
verts and bridges; preparatory studies for adaptation against SLR 
and its impact; and coastal afforestation and reforestation pro-
gramme, etc. were prioritized activities identified by Bangladesh 
Climate Change Strategy and Action Plan (BCCSAP) [93].

Strategies for adaptation need to focus on the needs of the 
community and aim to reduce the impact of SLR in the local eco-
system. Valuing the local knowledge that is already using to cope 
with the SLR alongside science-based knowledge is key to devel-
oping sound adaptation strategies. New salt and flood tolerant 
agriculture technologies should be promoted at household and 
community level. Diversification of crop agriculture, the estab-
lishment of seed banks, increased alternative livelihood options 
such as homestead gardening, horticulture, floating gardens, and 
handicraft production, mass awareness raising, and information 
sharing, etc. are priority areas of community adaptation under 
coastal zone management.

IPCC defined three generic approaches to adapt to SLR and 
coastal zone management are: 

a)	 planned retreat, 

b)	 accommodation, and 

c)	 protection (Figure 8). 

Figure 8: Generic approaches to adapt to sea level rise in the 
coastline of Bangladesh (adapted from Church [97]).

Planned retreat involves pulling back from the cost using land 
use planning and development control. Accommodation involves 
adjusting the human use of the coastal zone using flood resilience, 
warning systems, and insurance. Protection involves engineering 

http://dx.doi.org/10.19080/IJESNR.2019.18.555983


How to cite this article: sirul H, M Habibur R, Dilara R. An Evaluation of Sea Level Rise Vulnerability and Resilience Strategy to Climate Change in the 
Coastline of Bangladesh. Int J Environ Sci Nat Res. 2019; 18(2): 555983. DOI: 10.19080/IJESNR.2019.18.555983067

International Journal of Environmental Sciences & Natural Resources

solutions reducing human impacts in the coastal zone otherwise 
impacted without protection. The most popular adaptation meth-
od used is the protection method because of its lower cost and 
feasibility [6].

Similarly, considering the SLR situation in Bangladesh, the 
Asian Disaster Preparedness Center recommended some hous-
ing structures for the flood-prone, water logging and saline prone 
coastal areas like: 

a)	 Stabilization of the typical earthen plinth can be carried out 
with a mixture of earth and cement; 

b)	 Brick perimeter wall around the typical earthen plinth; 

c)	 Brick-cement concrete flooring; 

d)	 Coating lower end of the bamboo/timber posts for protecting 
from dampness; 

e)	 Protection of bamboo/timber posts by supporting on con-
crete stumps embedded into the plinth or ground and con-
necting them by mild steel clamps; 

f)	 Reinforced concrete post, etc. [97,98].

Conclusion
Community participation in adaptation is recognized as a val-

id approach worldwide to reduce climate change vulnerabilities 
particularly SLR vulnerabilities and enhancing community resil-
ience capacity. Climate change impacts are experienced mainly at 
local level thus IK and adaptive practices are important for prop-
er resilience, and thereby most resilience programmes should be 
managed and implemented locally. The study identifies that there 
is a gap in government policies and strategies as very limited 
scope exist there for local communities to get involved in state-
run programs. Both NAPA and BCCSAP paid little attention to CBA 
priorities. In addition, where community participation integrates 
into programme formulation and implementation, their commu-
nity participation has not achieved its intended benefits due to 
improper identification of climate change ‘risk’ or for inappro-
priate ‘top-down’ decision-making approach. Institutionalization 
of local adaptation strategy into national level framework will, 
in turn, serve as an important impetus for implementing climate 
change adaptation programs. The following Table 2 shows the 
weaknesses of government strategies and given some suggestions 
for effective CBA to SLR in the Coastaline of Bangladesh.

Table 2: Summary of the governmental strategy to sea level rise mitigation and suggestions for the future.

Strategy Weakness Suggestion

-NAPA  2005                                                                                                   
-Coastal Zone 
Management 
Policy 2005

-BCCSAP 2009

-Top-down approach;
-Pre-defined adaptation option;

-Limited scope of community 
participation in planning and 

implementation;
-Limited scope to decision-

making by local communities

-Ensure all the needs/ priorities come from community through bottom-up approach; 
-Integrate CBA into governmental policies; Incorporate community participation to all 

adaptation programmes;
-Long-term non-cash benefits need to be complemented by more visible direct household 

benefits;
-Involve local communities in the decision-making process;

-Prioritize IK into adaptation;
-Involve local communities through legal activism in project planning, design and 

implementation;
-Boost government-NGO participation for effective CBA approach;

-Need extensive research on community participation and ways to integrate it into 
mainstreaming adaptation;

-Successful CBA project need to be scale-up;
-Ensure multi-sectoral engagement and collaboration between different sectors and 

ministries;

Community-based approaches are driven by local institutions 
(NGO, CSO and CBO) who work with their limited capacities and 
resources to boost the process of CBA to SLR alongside the gov-
ernment. However, their efforts are not properly recognized and 
reflected in national programmes and climate change policies. In 
addition, limitation of government bodies as lack of intra-govern-
ment and inter-government institutional coordination hinders 
the effectiveness of CBA projects. Institutionalization of local 
communities’ involvement into national level framework will, in 
turn, serve as an important impetus for implementing SLR adap-
tive programmes. SLR resilience strategy of Bangladesh should 
consider IK and learning from local communities and integrate 
that into wider national policies. Local communities should be in-
volved in project implementation through legal activism. Finally, 

to ensure pro-poor climate governance and effective resilience 
and adaptation to SLR, the government should respect local com-
munities and local institutions who work for them, heed their ad-
aptation priorities, and change the top-down approaches to bot-
tom-up approaches.
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