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Abstract  

The thesis work has studied mainly autonomous adaptation measures used by local 

communities against natural hazards. In course of time the climate change will make these 

hazards frequent and severe challenging peoples capacity to cope with them. The work is 

conducted as a case study in nine coastal agro-ecological zones of Bangladesh. Coastal zones 

have socio-economical potential but are at the same time vulnerable to destructive effects of 

climate change in agriculture, human settlements, health, ecosystem and security.  

In collaboration with the Department of Environmental sciences in Jahangirnagar University, 

Bangladesh, adaptation measures practiced at study areas have been gathered and then 

evaluated using a rated set of eleven criteria which has been derived from principles of 

sustainable adaptation.  

As a result of this study several adaptation measures show high sustainability, some medium 

but most of them with a low sustainability in terms of effectiveness, efficiency and 

implementation ability. The conclusion is to enhance local adaptive capacity in terms of its 

hazards context and to modify adaptation measures to be more sustainable.   
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Chapter 1 : Introduction 

1.1 Overview 

Historically, Bangladesh is a play ground country of frequently stirring natural disasters. 

Almost every year it faces disasters in one sort or another – such as flooding, tropical cyclone, 

storm surges, droughts and coastal erosions. The frequently occurring natural disasters are 

responsible for claiming millions of peoples and destroying vast property and damaging all 

development gains. But now Bangladesh is widely recognized to be one of the most climate 

vulnerable countries in the world. A number of hydro-geological and socio-economic factors 

of Bangladesh also enhance its vulnerability highly to climate change (Ahmed, 2004 & 2006). 

These factors include: its unique geographical location in South Asia (position in the cone of 

Bay of Bengal); its flat plain topography crossed by thousands rivers, mainly the delta of the 

Ganges and Brahmaputra rivers and with very low elevation (below 10 meters above sea 

level) (Ahmed, 2006); and its disadvantageous biophysical characteristics; e.g. its extreme 

climate variability that is governed by monsoon and which results in acute water distribution 

over space and time. These risks augment by its extreme weather events: national and 

regional dimensions. Its higher population density, over 1100 per square km (Chowdhury, 

2009), ranking seventh in the world (World Bank, 2006) and its widespread poverty 

incidence, inadequate financial resources and social inequity add to its vulnerability highly. 

Its poor institutional capacity: policy, human resources, technology also boost up its 

vulnerability to adoption to deal with extreme climate events (Ahmed, 2006). 

Bangladesh experiences frequent natural disasters. So the people and society system have 

high level of knowledge and experience to coping effects in some degree and extent. But 

frequent and severe conducting natural disasters make people more vulnerable to do 

something in the great extent of disaster due to climate change. 

Climate change is a world-wide problem to the world people and also omni-discussed issues. 

The effects of climate are disadvantaged not only the developing countries but also to the 

developed countries. There are also several environmental impacts due to climate change on 

all over Bangladesh. The most significant may be on the coastal zone by sea-level rise. The 

main threats are likely to increased flooding, drainage congestion, decrease of fresh water 

availability, disturbance of morphological processes, salinity intrusion, frequent cyclone and 

storm surge flooding. Most vulnerable socio-economic resource and sectors are coastal 
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resources, water resources, agriculture, human health and ecosystem/biodiversity (Ahmed, 

2006). 

In the climate change, adaptation is important to relating the assessment of impacts and 

vulnerabilities and also the development and evaluation of response options (IPCC, 2001). 

There are autonomous adaptation and planned adaptation. It is necessary to develop planned 

adaptation measures that a sound knowledge base incorporating long term climate change 

impacts and running autonomous adaptations (Rahman et al 2009).  

Over the whole Bangladesh, there are different adaptation activities including technological 

measures, behavioral approach, managerial advances and policy. Technological measures are 

constructed embankment, bridge, sluice gate to control flood and river erosion; cyclone 

centre, coastal embankment for cyclone and storm surges; and irrigation method for drought. 

There are also practiced some managerial advances which are proved very effective for facing 

climate change impacts. In the coastal zone, most of them are adopted as community based 

adaptation from this region. These adaptation measures include: floating gardens for cropping 

and vegetables, cage culture, community based rich-fish farm in the low lands; cultivation of 

saline resistant varieties of rice and other crops to improve productivity and nutritional 

security; e.g. cultivation of mele reed (Rahman et al 2009).  

All aspects of sustainable development are necessary to amalgamate into adaptation. 

Adaptation must fulfill the criteria to gain sustainable development and also must be 

evaluated based on mainly effectiveness in risk reducing, economic feasibility and social 

acceptance.  

1.2 Rationale of the study 

In recent year, there have been conducted many studies on climate change issues by many 

organizations in national and international levels in all over Bangladesh. Future impacts 

scenarios due to climate change enhanced by global warming are also well established for 

many sectors in different regional views. Adaptation options e.g. measures, strategies and 

technologies are being developed by many institutes under Government of Bangladesh (GoB) 

and other international organizations. It is necessary to evaluate these different adaptations for 

different sectors in the coastal zone.   
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1.3 Objectives 

The main objective of the study is to analyze the sustainability views of adaptation measures 

to the potential impacts due to climate change in the coastal zone of Bangladesh. The 

objectives are 

• To find out adaptation measures in affected socio-economic sectors in the study area  

• To develop the principles of sustainable adaptation in climate change and criteria for 

evaluation of measures and  

• Finally, to analyze the adaptation measures in the study area in the socio-economic 

sectors.  

1.4 Study area 

Bangladesh, a flood plain delta, is a land of rivers and canals. It has a sloping gently land 

from the north to the south, meeting the Bay of Bengal at the southern end. It has three 

distinctive features: Alluvial flat plain (broad plain governed by frequent flooding); Barind 

tract (older plain) and Hilly region (small area with flashy rivers) (UNDP, 2001). 

According to ICZM (2004) the coastal zone is divided into exposed and interior coast on 

depending by the treated of sea. The land that face the coast or river estuary is treated as 

exposed coastal zone. These are 48 upazillas in 12 districts. The interior coasts are located 

behind the exposed coast. These are total of 99 upazillas. The exposed coast embraces the sea 

directly and is more vulnerable due to the anticipated climate change (Sarwar, 2005). The 

coastal zone covers 32 percent of total landmass (about 47,201 square kilometer) (Islam, 

2004). Water area covers 370.4 km (200 nautical miles) from the coastline, estuaries and the 

internal river water (Sarwar, 2005). 

On the context of Agro-ecological zone (on basis of hydrology, physiography, soil types, tidal 

activity, cropping patterns, and seasons), there are thirty AEZ´s in Bangladesh. The coastal 

areas comprises the Ganges flood plain (AEZ 11, 14 and 17), Meghna flood plain (AEZ 17, 

18 and 19); Ganges tidal flood plain (AEZ- 13), Chittagong Coastal plain (AEZ-23) and St. 

Martin Island (AEZ-24) (Figure-1.1). 
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Figure 1.1: Locations of Agro-ecological Zones (BARC-GIS Project, BGD/95/2000cited in BUET, 2008) 

1.5 Outputs of the study  

The outputs of the study are: 

i. Review of the climate change and its scenarios in Bangladesh. 

ii. Documentation of frequent and severe environmental impacts and adaptation options 

for affected socio-economic sectors in the coastal zone. 

iii. Development of sustainability criteria in climate change adaptation 

iv. Analysis of the findings from the perspectives of sustainability.  

v. Recommendations to fulfill the lacking or ways to ensure sustainable development.  
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Chapter 2 : Literature Reviews 

This literature reviews focus the documents in the research area to support the ideas and 

arguments of the researcher by summarizing and synthesizing that of others. It will act as a 

stepping stone to continue the research work. In this literature reviews, there are two sections. 

First section have been discussed the climate change phenomenon, its impacts and adaptation. 

The second part shows the principals of sustainable development, its evaluation criteria and 

its connection to climate change. 

2.1 Climate change: scenarios, impacts and adaptation  

Climate change refers to the displacement of the mean state of climate or in its variability, 

remaining for an extended period (decades or longer) (Enzler, 2007). It may be extended to a 

specific region or across to the whole earth. It is due to the changing of the factors that control 

the climate includes solar radiation, deviations in the Earth´s orbit, mountain building, 

continental drift and changing the concentration of green house gases.  It may be due to 

natural changes or to persistent anthropogenic changes in the composition of the atmosphere 

or in land use (IPCC, 2001). 

There are evidences of climate change in the past history from ice age to the 18th century. The 

instrumental data are available only from the mid 1800s. The previous changes of records are 

evidenced from ice cores, pollen analysis, insects, vegetation, sea level regression and 

succession, and also glacial (IPCC, 2001). The earth’s average surface temperature has risen 

by around 0.74°C over the last century (1906 – 2005). There has the warming greater over 

land regions than over the oceans. The rate of warming averaged over the last half century is 

nearly twice the rate for the last century. The late 1990`s and the early 21th century have 

featured the warmest years since modern records began (Ahmed, 2006). 

2.1.1 Climate change scenarios 

There are evidences that climate changes are occurring all over the world. Many research 

works is being done all over the world. Many national and international institutes, universities 

are involved in research. Bangladesh is the worst facing country of climate change. This is 

revealed from the reports of various research institute and past experience. 

Scenarios of Temperature and precipitation 

Generally, there are two approaches to determine future climate change: a) Projection based 

on observed historical data, and b) Using available regional climate models.  
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Observed data: 

Over the past 100 years, Bangladesh has warmed by about 0.5 °C (Karim and Mimura, 2008). 

Rahman and Alam (2003) observed historical data to project future climate change. They 

revealed that temperature is generally increasing in the monsoon season (June, July and 

August). Average monsoon maximum and minimum temperatures show an annually 

increasing trend at the rate of 0.05°C and 0.03°C respectively. On the other hand, average 

winter (December, January and February) maximum and minimum temperatures show 

annually decreasing and increasing trends at the rate of 0.001° and 0.016°C respectively. It is 

also revealed that the trend has regional variation (Rahman and Alam, 2003). 

There are another important historical data studied by SAARC Meteorological Research 

Centre (SMRC). It is resulted from the study that there are an increasing trend of mean 

maximum and minimum temperature in some seasons and decreasing trend in some others. 

There is a significant increase over the period (1961-90) of the overall trend of the annual 

mean maximum temperature (Rahman and Alam, 2003). 

Regional climate model: 

By using available General Circulation Model (GCM), here are several attempts made to 

generate climate change scenarios in early 1999s for Bangladesh. In the beginning of the 

scenarios studies, BUP-CEARS-CRU (1994) reported 0.5ºC to 0.0ºC rise in temperature by 

the year 2030 under the ‘business as usual’ scenario of IPCC. Then ADB (1994) also studied 

climate scenarios using four GCMs. This study resulted that temperature would rise by 0.3°C 

and 1.5°C for 2010 and 2070 respectively.  

Agarwala et. al. (2003) has carried out an ensemble of dozens GCMs. These were driven by 

MAGICC model using SCENGEN database for Bangladesh to assess changes in average 

temperature and precipitation. Finally, GoB (2005) has prepared National Adaptation 

Programme of Action (NAPA) for Bangladesh by compiling the existing model outputs for 

assessing future impacts and vulnerabilities. Table: 2.1 shows the future climate scenarios 

used for preparing NAPA. 

Table 2.1 : Future changes in climate and sea level rise (GoB, 2005) 

Year  Temperature change in °C  
Mean (Standard deviation) 

Precipitation change (%) 
Mean (Standard deviation) 

Sea level 
rise ( cm) 

Annual  DJF JJA Annual DJF JJA  

 2030 1.0 1.1 0.8 5 -2 6 14 
2050 1.4 1.6 1.1 6 -5 8 32 

2100 2.4 2.7 1.9 10 -10 12 88 
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Scenarios for Sea Level Rise 

There is very limited factual information regarding the trend of sea level rise in Bangladesh. 

The mostly agreed scenarios are so largely on speculative but not assessed by modeling 

(CEGIS, 2008a). In the Southwestern Khulna region 5.18-mm/year sea level rises is recorded 

which may goes up to 85 cm by 2050 (Doha, 2006). 

Department of Environment under GoB, (1993) mentioned a potential future sea level rise for 

Bangladesh is 30‐50 cm by 2050. An increasing tendency in sea level rise from west to east 

along the coast has also been observed (CEGIS, 2008a). Ahmed and Alam (1998) studied the 

SLR value by using general circulation models (GCM) for the year 2030 and 2050. The result 

was superimposed on long‐term climatic patterns over ten locations in Bangladesh. Their 

estimate was 100 cm change of sea level (90 cm sea level rise and 10 cm local rise due to 

subsidence) by the middle of 21st century (CEGIS, 2008b). 

The SMRC has also carried out a study on sea level rise in the coastal zone of Bangladesh. 

The study was done based on tidal data for the period of 1977-98 (22 years) at three coastal 

stations i.e. Hiron point, Char Changa and Cox´s Bazar (SMRC, 2003). It reveals that the rate 

of sea level rise during the last 22 years is many times higher than the global rate of 1.0-2.0 

mm / yr in the last century. Variations among the stations were also found (GoB, 2005). 

The impact of sea level rise in Bangladesh was viewed by UNEP (1989) at the first time. It 

speculated that 1.5 m SLR by 2030 would be affected 16 % of land area (22,000 Sq. km) with 

15 % of total population (17 million people).  

 
Figure 2.1 : Impacts of 1.5 meter sea level rise on Bangladesh (UNEP-GRID-Arendal, 2001)) 
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Due to uncertainty in UNEP study, the impacts of SLR have been needed to modify.  World Bank 

(2000) has also studied on that. It speculated that 10 cm, 25cm and 1 m rise in sea level by 

2020, 2050 and 2100; affecting 2%, 4% and 17.5% of total land mass respectively. 

Scenarios of Cyclones and storm surges 

There are very limited studies on scenarios of cyclones intensity along the coastal zone and 

also a large uncertainty in cyclone frequency. It is shown that the changes in frequency of 

storms simulated by models are often smaller than those due to natural variability (Karim and 

Mimura, 2008). The BCAS-RA-Approtech (1994) study focused on net increase in 10% 

intensity in cyclone activities. Ali (1999) commented that an increase in 2°C is SST would 

likely cause a significant increase in the probability of formation of cyclones from a mere 

depression. It is concluded from IPCC (2007) that the results of GCM experiments on storm 

frequencies are inconclusive. For cyclone intensity, an increase in SST will be accompanied 

by a corresponding increase in cyclone intensity (Karim and Mimura, 2008). There has been a 

significant increasing trend in the cyclone frequency over the Bay of Bengal at the main 

months for cyclone (November and May) (SMRC, 2003). 

2.1.2 Climate change impacts 

Climate change is the whole encompassing global environmental changes to the world, likely 

to have deleterious effects on various systems, e.g. natural and human systems, economies 

and infrastructure. Local people are experiencing local changes and impacts due to changing 

climatic conditions. It is observed from the British Columbian coast to the Kalahari Desert to 

the English countryside and to the Himalayan Mountains (Salick and Ross, 2009). 

The Intergovernmental Panel on Climate Change (IPCC) (2007) has projected about 0.2°C 

per decade of warming resulting in trigger some effects on climatic phenomenon for the next 

several decades. These effects include: fading out snow cover and sea ice; more frequent 

extremes e.g. heat waves and heavy precipitation events; more intense tropical cyclones 

(typhoons and hurricanes), and also sea level rise of as much as 59 centimeters by 2100 

(IPCC, 2007). 

There are also evidences the adverse impacts of global warming and climate change in 

Bangladesh. The following impacts have been observed: Seasonal variation e.g. hotter 

summer, irregular monsoon, untimely rainfall, heavy and little rainfall; Increased frequency, 

intensity and recurrence of natural hazards e.g. floods, drought, cyclone; scarcity of potable 

water due to salinity intrusion; coastal erosion, riverbank erosion, deaths due to extreme heat 
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and extreme cold, and also outbreak of dengue, malaria, cholera and diarrhea, etc. (Ahmed, 

2006). 

2.1.3 Climate change adaptation  

In terms of climate change, there are two fundamental response strategies: mitigation and 

adaptation. Mitigation involves stopping or limiting climate change by reducing the emissions 

of GHG and by enhancing ‘sink’ opportunities. Adaptation is as adjustment in different 

systems (ecological, social, or economic) in response to actual or expected climatic influences 

and their effects or impacts (Fussel and Klein, 2002). It is learning to cope with the 

temperature increases, floods and higher sea levels associated with climate change (Huq and 

Reid, 2007).  

There are many forms and characteristics to define adaptation in terms of a suite of attributes. 

There may be such as captive (random or planned), timing (reactive, concurrent or 

anticipatory), temporal range (short- versus long-term) or spatial magnitude (localized or 

widespread) (Bradshaw, et al., 2004). The objectives are also different in different views. 

These include increasing robustness, increasing flexibility, enhancing natural adaptability and 

reversing veers that enhance vulnerability (figure 2.4) (Klein and Tol 1997). 

Table 2.2: Bases of characterizing adaptation to climate change   (Smit, et al 1999) 

Concept / 
attribute 

Examples of terms used 

Purposefulness Autonomous                                          Planned 
Spontaneous                                          Purposeful 
Automatic                                              Intentional 
Passive                                                  Active  
                                                              Strategic 

Timing Anticipatory                                          Responsive 
Proactive                                               Reactive 
Ex ante                                                  ex post 

Temporal scope Short term                                             Long term 
Tactical                                                 Strategic 
Instantaneous                                         Cumulative 

Spatial scope Localized                                          Widespread 
Function / effects Retreat - Accommodate - Protect 

Prevent - Tolerate - Spread - Change - Restore 
Form Structural - Legal - Institutional - Regulatory - Financial - 

Technological 
performance Cost - Effectiveness - Efficiency – Implement ability - Equity 
 

Adaptation depends on the exaggerated system region or community to cope with climate 

change impacts by how these are adaptive. The adaptive capacity of communities is 

determined by their socioeconomic characteristics. These characteristics include sensitivity, 
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vulnerability, susceptibility, coping range, adaptive capacity, stability, robustness, resilience, 

and flexibility (IPCC, 2001). These terms and explanations are discussed on the table 2.5.  

Table 2.3 : Determinants of adaptation (Smit et al 1999) 

Determinant  Explanations 
Sensitivity Degree to which a system is affected by or responsive to climate stimuli 
Susceptibility Degree to which a system is open, liable, or sensitive to climate stimuli  
Vulnerability Degree to which a system is susceptible to injury, damage, or harm  
Impact 
Potential 

Degree to which a system is sensitive or susceptible to climate stimuli  

Stability Degree to which a system is not easily moved or modified 
Robustness Degree to which a system is not given to influence 
Resilience Degree to which a system rebounds or recovers from a stimulus 
Resistance Degree to which a system opposes or prevents an effect of a stimulus 
Flexibility Degree to which a system is pliable or compliant  
Coping Ability Degree to which a system can successfully grapple with a stimulus  
Responsiveness Degree to which a system reacts to stimuli  
Adaptive 
Capacity 

The potential or capability of a system to adapt to (to alter to better suit) 
climatic stimuli or their effects or impacts 

 

Top-down and Bottom–up Approach: 

The 2001 IPCC guidelines have been outlined the standard approach based on climate change 

scenarios. It also concentrates the future climate change impacts, variability and vulnerability 

to these. This approach is known as “Top down Approach” stating the starting point is to 

understand how dangerous future climate change will be. In contrast, bottom-up approach 

starts with the climate vulnerabilities in level where are exposed at community. It 

acknowledges that people have adapted to climate variability in the past and continue to do so 

(Huq and Reid, 2004). To deal with the new challenge of climate change, it is necessary to 

combine many of the traditional coping practices. Native people are the keen beholders of 

climate change, therefore, they are also actively trying to adapt to the changing conditions  

Different adaptation Activities 

According to Huq and Reid (2007), climate change adaptations can be defined as “actions to 

reduce the vulnerability of a system (such as a city) or population (such as a coastal village) 

to the negative impacts of anticipated human-induced climate change”. Climate Change 

adaptation aims to support human development in economic, ecological and cultural 

improvement in sustainable ways. It also relates severity and frequency sustainability in the 

face of climate change. When climate related disasters occur, it props up community to 
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prevail over impacts by coping strategies (Huq and Reid, 2007). There are different 

adaptation activities including   

i. Technological measures e.g. constructing sea wall to defense SLR  

ii. Behavioral approach e.g. changing choice of food and recreation 

iii. Managerial advances e.g. applying new cultivation process and  

iv. Policy e.g. regulations for planning (Huq and Reid, 2007). 

Retreat Accommodate Protect (RAP) Approach: 

There are three strategies: ‘retreat, accommodation and protection’ in response to the effects 

of climate change in the coastal zone (Burton et.al. 1998). Retreat is the process of resettling 

the inhabitants elsewhere. Accommodation are compromising with the risk by people 

continue to live in vulnerable areas e.g. greater flooding and converting their farms to 

fishponds. Protection are defending process in the vulnerable areas e.g. towns and villages, 

economic activities and natural resources etc. For examples, building dykes, embankments 

and sea walls are to protect coastal areas (Burton et. al. 1998). 

Comprehensive adaptation Approach (CAA) 

Adaptations  can be described based on individuals’ choice options as well, including  bear 

losses, share losses, modify threats, prevent effects, change use, and change location. 

Adaptation strategies are discussed in the table. 

Table 2.4 : Classification of adaptation options and its measures (modified from Burton, 1996 and Pender; 

2008) 

No Adaptation 
measures 

Brief description of measures 

1 doing nothing Due to lack of adaptive capacity 
2 sharing losses Sharing the full cost of the effects of climate change e.g. 

insurance schemes 
3 modifying threats Changing cropping pattern e.g. in agriculture 
4 preventing effects It needs pre-planning and investments e.g. embankment 

construction  
5 changing use A different use of resources e.g. aquaculture in submerged areas 
6 changing location Moving to safer areas e.g. moving homes or businesses.  
7 restoration Restoring an area to its previous condition  
 

Community based adaptation (CBA) 

“Climate change is a global challenge but impacts, therefore, solutions must be local and 

regional” (UNDP, 2007). On basis of this concept, there has been risen a new proposal for 
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doing adaptation so called “Community-based Adaptation” (CBA). It aims to build the 

capacity of local people to develop under, and adapt to, a changing climate. CBA is a 

community driven adaptation from the grass roots component to respond locally specific 

needs and develop lessons for global challenges. Thereby, it generates adaptive strategies 

through participatory processes, building on existing cultural norms, and also addressing local 

development issues that make people vulnerable to the impacts of climate change in the first 

place (Huq et. al. 2009). 

Bangladesh is the pioneer one to initiate the CBA in practicing from different projects to build 

local capacity in the regional level. Now there are ten countries implementing CBA including 

Bangladesh, Bolivia, Guatemala, Jamaica, Kazakhstan, Morocco, Niger, Namibia, Samoa and 

Vietnam (Huq et.al 2009). 

2.2 Sustainability views 

2.2.1 Sustainable development: concept  

The World Commission on Environment and Development (1987) addressed the problem of 

conflicts between environment and development goals by formulating a definition of 

sustainable development as “development that meets which meets the needs of the present 

without compromising the ability of future generations to meet their own needs”. Such a 

development has three interdependent dimensions (figure 2.2). 

 
Figure 2.2 : Three pillars of sustainability (Adams, 2006) 

Ecological sustainability demands the long-term sustenance of all human life-supporting 

systems, including air, water, soil, biodiversity etc. (Jacobsson, 2004). It may be achieved by 

keeping off more exploitation of renewable resources and consuming non-renewable 

resources in an adequate way.  
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Social sustainability maintains a dynamical society with the stable long-term perspective and 

with also the potential to coping with basic human needs (Jacobsson, 2004). It should be 

achieved by facilitating adequate social services e.g. health and education, gender equity, and 

local people participation.  

Economic sustainability demands the long term economy with views of human as well as 

material resource (Jacobsson, 2004). 

Sustainability: 

Sustainability has very broad scope addressing all aspects of the society but extends decades 

to the future. Therefore, it is not easy to define. There is no single definition that agreed 

universally (Tibbs, 1999). Simply, it can be defined as ‘the process of balance between the 

improving of the quality of human life and also getting support from eco-system within 

carrying capacity’.  

Sustainability is a multifaceted concern. There have been emerged a vast number of 

sustainability indicators regarding many situations and context over time and space from local 

level to the global scale from the perspectives of specific disciplines (Tibbs, 1999). These are 

indicators, metrics, benchmarks, reporting procedure and audits. These measures have been 

widely being practiced into environmental, social and economic measures separately or 

together with them (Brown, Dillard and Marshall, 2006). Mostly used sustainability measures 

are sustainability reporting, triple Bottom line accounting  and Environmental Sustainability 

index and Environmental performance index for sustainability governance for individual 

countries. 

Triple Bottom line accounting (TBL) 

The “triple bottom line” is a reporting technique that applies the bottom line metaphor to the 

social and environmental aspects of a business organization. It describes the goal of 

sustainability by three pillars: “People”, “plane” and “profit”. “People” concerns to do 

business practices for fair and benefit in a corporation. “Planet” refers to sustainable 

environmental practices through as much as possible or at the least does no harm and curtails 

environmental impact. “Profit” is the economic value created by the organization after 

deducting the cost of all inputs, including the cost of the capital tied up (Brown, Dillard and 

Marshall, 2006).  

Environmental Performance Index (EPI)  

Environmental Performance Index is a method of quantifying and numerically benchmarking 

the environmental performance of a country's policies. This index was developed from the 
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Pilot Environmental Performance Index, first published in 2002, and designed to supplement 

the environmental targets set forth in the U.N. Millennium Development Goals (Appendix # 

2) ( Yale, 2008). 

 

Environmental Sustainability Index (ESI) 

Environmental Sustainability Index bench marks the ability of nations to protect the 

environment over the next several decades. It is a composite index tracking 21 elements of 

environmental sustainability. It does so by integrating 76 data sets of environmental issues. It 

focuses endowment of natural resource, level of pollution in the past and present, and 

environmental management efforts. It also contributes to protect the global commons and 

improves the capacity of the society over time for environmental performance (Yale, 2005). 

The ESI Building block, indicators and variables are given in Appendix # 3. 

The ESI was aimed to evaluate environmental sustainability relative to the paths of other 

countries. Between 1999 and 2005, it was published by Central for Environmental Law and 

Policy, Yale University in collaboration with Center for International Earth Science 

Information Network (CIESIN), Columbia University and the World Economic Forum (Yale, 

2005). 

2.2.2 Climate change and sustainable development 

Climate change and sustainable development has different views with significant differences 

policy issues. Climate change has been primarily science-driven, but sustainable development 

is more human-behavior centered (TERI, 2009). There are several integrations of climate 

change and sustainable development. Generally, they interact with each other in often non-

linear but circular fashion. Human induced climate change poses a potential threat to the 

accomplishment of MDGs. These have hurtful effects on agricultural and hydrological 

systems, forests, fisheries, and human health; economies and infrastructure, resulting in 

increases in the frequency and magnitude of extreme events, thereby exacerbating the vicious 

cycle. In turn, alternative development pathways will determine GHG emission levels that 

will affect future climate change and future capacity to adopt mitigation and adaptation 

measures.  There are also wider development goals that can enhance the capacity to cope and 

adopt climate variability and change.  These goals include institutional improvement to deal 

current socio-economic and environmental problems; technological advance of promotion of 

environmentally friendly technologies and development of disaster-resistant varieties of crops 

(TERI, 2009).  
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Chapter 3 Methodology 

The study was conducted in the coastal zone of Bangladesh. There are two steps to carry the 

study: data collection and data analysis. In data collection, there are used types of data: 

secondary and primary. The problems are discussed on the basis of secondary data and the 

possible adaptation measures are gathered by field survey. Finally, a set of criteria from the 

principles of sustainable adaptation are developed and ranked them on the basis of scale (low, 

medium and high). 

3.1 Data collection:  

Secondary data:  

The states of the art of the problems are discussed on the basis of available secondary sources. 

The problems are discussed on Expected climate changes, consequences for Bangladesh, e.g. 

sea level rise, its most vulnerable climate change-induced impacts, especially in the coastal 

zones. Most of the data informational are collected from the departments of Environment, 

Disaster and Policy of Ministry of BD, and from Bangladesh Meteorological Board. Others 

sources include books, government reports, international reports, scientific journals, maps and 

news articles that painted sea level rise issues in coastal regions. Some studies of the same 

field in other parts of the globe were also reviewed. The study tries to seek various projects 

implementing in the coastal regions by Integrated Coastal Zone Management (ICZM), 

Bangladesh and also some projects by Government of Bangladesh. 

Primary data:  

For adaptation measures, field level data were collected with the collaboration with the 

projects entitled “Climate Change Adaptation Practices in thirty Agro-ecological Zones 

(AEZs) of Bangladesh” under the Department of Environmental Sciences, Jahangirnagar 

University, Bangladesh. The project was facilitated by Oxfam International, Bangladesh.  

Mainly participatory approach is followed for the field research work of the thesis. These 

methods include Focus Group Discussion, Personal Interview, etc. 

Focus Group Discussion (FGD) 

There were three FGD groups in each AEZ to conduct the study. In each FGD, there were 

planned to take at least five interviews.  

Interviewing Techniques 
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The discussion period was not too long and too short but in an appropriate level. In interview 

period, it was in keen attention in the process of listening, paraphrasing, probing, and note 

taking. The questionnaire is given in appendix # 1 as short version of main Bengali form. 

Data Compilation 

After completing FGD and interview, there are nine set of reports from nine AEZ´s in the 

coastal zone. These were segregated and compiled. 

3.2 Data analysis:  

To analyze the adaptation measures in the coastal zone, there have been developed principles 

of sustainable adaptation and a set of criteria with a scale to rank them.  

Sustainability principles 

There are dynamic contexts on social, economical, technological, biophysical and political in 

adaptation to climate change. These contexts vary over time, location, and sector. This 

complex mix of conditions is considered for determination of the capacity of systems to 

adapt. But enhancement of adaptive capacity is not simple way that implies “spurts of growth 

inter-dispersed with periods of consolidation, refocusing and redirection”.  The process of 

enhancing adaptive capacity interprets a practical means of coping with changes and 

uncertainties in climate. In this way, enhancement of adaptive capacity reduces vulnerabilities 

and promotes sustainable development (IPCC, 2001). These principles are as follows:  

Social principles of sustainable adaptation: 

 Promoting basic need for people e.g. food security, safe water and health care, shelter 

and access to other resources and education.  

 Participating local people and accumulating their experience  

  Incorporating cultural diversity in adaptation  

Economic principles of sustainable adaptation: 

 Accounting cost in adaptation  

Biophysical principles of sustainable adaptation: 

 Improving access to local resources  

 Improving infrastructure 

 Improving institutional capacity and efficiency  

Technical principles of sustainable adaptation: 

 Assuring technical support   
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Selected Criteria and Evaluation 

From the above principals of sustainable adaptation, we can draw some criteria for adaptation 

measures to analyze the sustainability views of them, (IPCC, 2001 and FAO, 2007): 

1. Effectiveness for potential mitigation  

2. Implement ability for the present need 

3. Feasibility 

4. Relevance to vulnerable community 

5. Suitability for future climate scenarios ‘ 

6. Applicability to multiple sectors 

7. Economic viability 

8. Local people Participation 

9. Environmental friendliness 

10. Ecosystem connectivity  

11. Cultural acceptability 

The criteria’s of adaptation are rated using the scale of Low, Medium, and High.  
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Chapter 4 : Study Area and affected by CC and its adaptation 

Geographically and geo-morphologically, the coastal regions are the prone areas of natural 

disasters. These regions are characterized by crisscrossed networks of rivers and discharging 

huge sediments by rivers.  The potential impacts of natural hazards are being enhanced by the 

geo-physical conditions including northwardly islands in between the channels and rivers; a 

very shallow area all along the coast, particularly in the central region, and also a submarine 

canyon in the western region (Ali, 2000). Due to climate change, this zone is becoming more 

vulnerable. 

4.1 Features of coastal zone  

The country has a coastline of 710 km along the Bay of Bengal, forming the largest beach of 

the world. It is a mixture of very old settlements and new land developments (ICZM, 2004). 

There are three distinct coastal zones namely, the eastern, central and western, with diverse 

geomorphic characteristics.  

The Eastern Region 

The eastern region covers from the big Feni Rivers to Badar Mokam. It classified as “Pacific 

type” coast covered by the young folded hilly areas in parallel. It is more stable, regular and 

unbroken. It is protected by mud flows and submerged sands. It has a long beach about 145 

km by a continuous strip of sand. Chakaria mangrove forests signs up the coastal ecosystem 

(GoB, undated) 

The Central Region 

This region begins from the Tetulia River to the big Feni river estuary. It is irregular, most 

active and consists of a series of islands, where the rivers are continuously changing their 

courses by constant process of accretion and erosion. Thereby, this zone is characterized by 

heavy sediment load and one of the most complex tropical estuarine ecosystems of the world 

(GoB, undated). 

The Western Region 

The western zone is very flat and low. It covers the coastline westward from the Tetulia River 

to the international boundary (India). It is cress-crossed by numerous rivers and deeply 

scoured tidal channels. The famous mangrove forests named the Sundarbans are located in 

this region (GoB, undated) 
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Figure 4.1: Map of coastal zone of Bangladesh (ICZM, 2004) 

Table 4.1 : Coastal regions and AEZ´s of Bangladesh (modified from BUET, 2008 and ICZM, 2004) 

AEZ Region Districts 
AEZ-11, 12, 
14, 17 & 19 

Interior Coast  Jossore, Narail, Pirojpur, Barisal, Gopalgong, Shariatpur, 
Chadpur 

AEZ-13 Western Satkhira, Khulna, Bagerhat, Borguna, Jhalkhati, Potuakhali,  
AEZ-18 Central Noakhali, Bhola, Feni, Laxmipur 
AEZ-23 Eastern Chittagong, Cox´s bazar 
AEZ-24 Eastern (In 

the sea) 
Cox´s bazaar, St: Martin Island 

 

4.1.1 Socio-economic features: 

Population  

The total population in the coastal regions is amounts to 35.08 million (male 7.9 million and 

female 17.1 million). They are more than one fourth (28%) of the total population. The 

average density of population per sq km (about 743) is below the national average (839). 

About 1/3rd of the total coastal population live in the exposed coast. The population density 

in the exposed coast (482) is considerably lower and that of the interior coast (1,012) is much 

higher than the national average (Sarwar, 2005). 
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Economy: 

In economical point of views, the coastal zone is very important providing various types of 

economical activities of the people of this region. The economical activities are fishing, 

agriculture, shrimp farming, salt farming and tourism. These zones are a large house of 

marine and coastal fisheries. It plays important role in transportation of inland and marine 

system (Sarwar, 2005). Two sea ports, namely Chittagong and Mongla are located in this 

region. It has sites for Export Processing Zones, harbors, airports, land ports and tourism 

complexes and opportunity for other industries. There are also ship-breaking industries in the 

zone at Fauzderhat, 20 km South-west to Chittagong district, extending 16 km long sea beach. 

The industry is the second largest ship breaking facilities in the world, supporting livelihood 

to about 100,000 people (Sarwar, 2005).  

Gross Domestic Production (GDP) 

Sixteen of 19 coastal districts have lower than national average per capita GDP. Only districts 

of Chittagong, Jessore and Khulna have higher GDP per capita. Noakhali, Lakshmipur, 

Chandpur, Shariatpur, Gopalganj and Jhalkathi have a much lower GDP per capita (BUET, 

2008). 

Infrastructure 

In the coastal zone, there are 35,712 km of roads, including the rural earthen ways. Because of 

the river network of this zone, there are some remote areas still inaccessible by road transport. 

Water transport systems are the main transportation mode to connect all small and big cities 

of eastern and central coastal zone with the capital Dhaka (BUET, 2008).  

Education 

The national literacy rate is 33.7%.  The average literacy rate (both sexes) is highest in Dhaka 

(59%) followed by Pirojpur (54%). There are also significant higher literacy rate in the 

coastal district (BUET, 2008).  

Other silent features: 

 Poverty is high; 52 percent are poor and 24 percent extreme poor. Fourteen of 19 

coastal districts have higher extreme poverty than the country average. 

 54 percent of rural households in the coastal zone are functionally landless. 

 Access to basic services including health and sanitation is limited. 

Marine ecosystem and Sundarbans 

The coast also contains several ecosystems that have important conservation values. These are 

quite distinct and tropical in nature. UNESCO (1997) has declared the part of Sundarbans, the 
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world’s largest mangrove ecosystem as a World Heritage site. The Sundarban mangrove area 

is a big source of the country's economy. Main economical activities including fisheries, 

wood collection and honey collection provide almost 10 million people for their subsistence 

(Islam & Haque, 2004). In addition, the news print mill was established based on the basic 

raw materials drawn from the Sundarbans (Sarwar, 2005). Coral ecosystems are also found 

around St Martin’s Island (SDNP, 2004). About 475 species of fishes are found in this 

renewable habitat, along with 16 species of marine shrimps. In addition, several species of 

crabs and 31 species of turtles and tortoises, of which 24 live in coastal fresh-water 

environment, are also found (SDNP, 2004). There are some environmentally protected areas 

e.g. reserve forest, one national park, ecological critical areas, two world heritage sites, one 

marine reserve and one fish sanctuaries in the coastal zone (Islam, 2004). 

4.1.2 Potentials of the coast: 

The coastal zone of Bangladesh is comprehended as a zone of multiple vulnerabilities. 

Therefore, it has already identified the zone as ‘agro-ecologically disadvantaged region’ and 

as one of the three ‘neglected regions’. But it has much potentials and opportunities (WARPO, 

2006).   

Shrimp culture, marine fish and other products 

Shrimp is the second largest export item of Bangladesh. Shrimp culture is practiced mainly in 

Cox’s Bazar, Khulna, Bagerhat and Satkhira, and now is expanding in other districts too. This 

can favors the economy but it has also harm to ecosystem due to aquaculture (WARPO, 2006).  

Shutki (dry fish) is also an exportable commodity in the world market. Fish drying is mainly 

concentrated in Cox’s Bazar, Chittagong and Khulna. There are also some other related 

opportunities, including shell collection, crab tattering, natural and artificial pearl culture, 

turtle culture, crocodile farming, production of fish feed and sea weeds (WARPO, 2006).  

Bangladesh has Exclusive Economic Zone (EEZ) stretching for 714 km along the coastline, 

comprising 164,000 sq. km. Total annual marine fisheries catch in 2005-06 was estimated at 

0.48 million ton, which is around 20.6 percent of all fish produced in that year (BBS, 2008). 

Gas and oil 

The coastal belts and deep sea are well known for potential extraction of gas and oil. It is 

estimated that about 20 trillion cubic feet of gas can be extracted from the Bay of Bengal 

(WARPO, 2006).   

Mineral resources 

 It has revealed the existence of deposits of 17 economically viable minerals from a number of 

radiometric survey and subsequent lab analysis. These include monazite, limenite, rutile, 
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zircon and cesium with an estimated reserve of 1.76 million tons. Additionally there are also 

peat reserves in Gopalganj and Khulna (158 million tons), limestone in Cox’s Bazar (2.8 

million tons) and hard rock/engineering stone in Chittagong (1.0 million m3) (WARPO, 2006). 

Renewable energy 

There exists opportunities to tap wind and tidal energy in remote coastal areas. Pilot 

demonstrations have revealed their potential use and application at Sandwip and other places 

(WARPO, 2006) 

Ports and surrounding industrial belt  

In Bangladesh, bulk of the external trade is carried through two seaports: Chittagong and 

Mongla. It is estimated that there will be rise the trade for the Chittagong port from 19.0 

million tons in 2000 to 43.1 million tons in 2016. This potential will be manifold if agreement 

is reached for cargo handling for landlocked countries like Nepal and Bhutan. Bangladesh has 

being actively considered “Setting up a deep seaport” that will manifold the opportunities for 

further industrial development (WARPO, 2006). 

Tourism 

There are also vast potential areas in the coastal area for tourism from west to east in the 

whole country. Major tourist spots are Khulna, Kuakata, Potenga, Cox´s Bazar, and St. 

Martin´s Island. These are significant source of revenue (GoB, undated) 

4.2 Impacts on Natural Disasters  

The coastal zone is usually being exposed with sea level rise, salinity intrusion, cyclone and 

storm surges, coastal inundation and drainage congestion (ICZM, 2004). These are not new to 

people of Bangladesh, but due to climate change, there are changes in frequency, magnitude 

and the timing of occurrence (GoB, 2007). Based on secondary sources, the following sub-

sections provide brief understanding on natural disasters occurring in the coastal zone of the 

country.  

Flood and water logging 

Flood in Bangladesh is an annual phenomenon, the most common water related natural 

hazards.  Statistically, about fourth of its area is inundated by flood in an average hydrological 

year during monsoon , about two fifth  in a moderate flood year, and more than half  in a 

major flood year (Salehin et al., 2007 cited in BUET, 2008). Normal floods are considered a 

blessing for Bangladesh-providing vital moisture and fertility to the soil through the alluvial 

silt deposition. From the historical view, only minor but very high intensity floods have 
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occurred since 1970´s. At the intervals of about 7-10 years, there are occurring Severe floods 

causing extensive damages to crops and some damage to property and at intervals of 20-50 

years or more, Catastrophic floods almost totally destroy crops in adjoining floodplains, and 

also cause considerable damages to houses, roads and other infrastructure. The 1988 and 1998 

floods are considered as 50-100 year events (BUET, 2008) 

A broad strip of land adjacent to the major river system is inundated by river flood.  

Sometimes high intensity run off and long duration rainfalls results rainfall floods. The 

coastal areas are inundated by tidal floods twice a day due to astronomical tide from the Bay 

of Bengal.  These areas are also prone to storm surge floods due to tropical cyclones (BUET, 

2008). Sea level rise accelerates risk of flooding and water logging in the coastal areas. This is 

due to there are no defense mechanism to protect coastal plain land and rising sea level in the 

contour line (Doha and Chowdhury, 2007). 

  

 
Figure 4.2: Polder at risk inundation (CEGIS, 2006) 

According to the CEGIS (2006), there is more problem with water logging in the coastal areas 

due to back water effect than flooding. It results into retardation of discharge flow at the 

confluence points, upshot high intensity floods with long duration. This favors to saline water 
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to flood protecting embankments (CEGIS, 2006).  The above figure: 4.3 show the inundation 

of Polders at risk three southwestern Districts.   

Doha and Chowdhury (2007) studied that the unplanned dam/embankment construction are 

also responsible for flood and water logging problem and also hindering siltation resulting the 

aggravation of severity of sea level rise. 

Drought 

Drought is a common hazard for the agricultural production in Bangladesh.  There were 24 

times of drought occurred in the period of 1949 to 1991.It experience long spells of dry 

weather and moderate to severe droughts are spread over a region of north western part of the 

country and the central (Ahmed, 2006) and also a small area of southeast districts ( figure: 4.4 

) (FAO, 2007).  

 
Figure 4.3 : Drought prone areas during Rabi season (BARC, undated cited in FAO, 2007) 
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It usually occurs during both the Kharif (June-October) and pre-Kharif (January-May) 

seasons. Kharif drought  affects the critical reproductive stages of transplanted Aman crops 

and Pre-kharif/rabi droughts affect all the Rabi crops, such as HYV Boro, Aus, wheat, pulses 

and potatoes (BUET, 2008). Apart from loss to agriculture, droughts have significant effect on 

land degradation, livestock population, employment and health (FAO, 2009). 

Cyclone and storm surge 

Tropical cyclones are one of the major disasters in Bangladesh. The entire coastal zone is 

prone to tropical cyclone accompanied by storm surge during pre-monsoon and post monsoon 

season. There are about 5.5% cyclonic storms produced in the Bay of Bengal but Bangladesh 

face about 1% cyclonic storms of the global total hit (Ali, 2000).  

There are reported approximately 45 damaging cyclones occurred in Bangladesh from 1793 to 

May 1997.  Since 1820, 1 million people were killed by cyclone in Bangladesh (Doha and 

Chowdhury, 2007). The last devastation cyclones hit in the coastal zone were occurred 

respectively 12 November 1970, 29 April 1991 and 15 November 2007 (Table: 4.2). 

Table 4.2 : Major cyclones that caused great damage 

(Karim and Mimura, 2008; Doha and Chowdhury, 2007) 

Incident  Region  Wind speed 
(Km/h) 

Surge height 
(m)  

Death Financial loss 
(USD) 

12 Nov, 1970 Chittagong 222 10.6 300,000 86.4 million 
29 Apr 1991 Chittagong 225 4.6 138,000 2.4- 4.0 million 
15 Nov, 2007 Borguna, 

potuakhali 
220-250 6.0 3,500 3 billion 

 

Coastal zone of Bangladesh is known as a geographical “death trap”. When cyclone is 

associated with tidal waves, it causes great problems of lives and property. The physiology, 

morphology and other natural conditions have made it vulnerable to disaster, cyclonic storms 

and floods which are very devastating and cause immense suffering and damage to people, 

property and the environment (Doha, 2006). 

Erosion 

There are some other important secondary consequences of climatic hazards e.g. riverbank, 

and coastal erosion. These are localized on natural processes, but become more severe during 

times of floods and cyclones (BUET, 2008). The riverbanks are susceptible to erosion by river 

current and wave action. River erosion includes shifting channel, creating new channels and 

bank slumping. Sudden changes are common during floods that cause rapid bank erosion. In 
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lower deltaic areas, river bank erosion is caused by tidal currents and storm surges from the 

sea (Ahmed, 2006). Coastal erosion has also been causing serious problems in the coastal 

region. These are caused by high monsoonal wind waves and currents, high river discharge 

currents, strong tidal actions and storm surges (Ali, 2000). 

The coastal zones are controlled by natural process such as, tides, wave action wind flow and 

sea level fluctuation (GoB, undated). Land erosion and accretion are responsible for rapid 

change in their morphological structure. Due to two phenomenons, there are observed 

massive changes in the coastal zone of Bangladesh over the last two centuries. It is most 

severe in the Meghna estuary, mostly islands like Bhola, Sandwip, Hatia ,Kutubdia (Doha 

and Chowdhury, 2007).  

 

 Figure 4.4 : Islands in the coastal zone that are at risk of eroding (Doha, 2006) 

According to another research work, Bhola has suffered more. It has lost about 227 sq. km in 

the last 50 years. Hatiya became 21 sq km from 1000 sq km over 250 yrs and Sandwip has 

lost 180 sq km in the last century. There are several factors that increase the problem, 

including cultivation of aquaculture reducing mangrove forest and unplanned and damaged 

embankment and liking highways (Doha, 2006). 

Salinity 

The coastal areas of Bangladesh have already been facing salinity problem like other coastal 

zone of the world. Saline water intrusion is highly seasonal. In dry season, the reduction of 
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upstream flows causes the saline water goes up to 240 kilometers inside the country, which 

also reaches to Magura district (Doha and Chowdhury, 2007). 

A recent study shows the salinity intrusion trend for different sea level rise scenarios. Here is 

used the BAU scenario resulting that the area under salinity level of 5 ppt is rising. The 5 ppt 

line move from lower tip of Sundarbans to the point of lower Meghna River at Chandpur  in 

about 100 year ( by 2100 under 88 cm SLR), which is moving about 60 km to the north in the 

Tetulia river, the only fresh water pocket in the estuary)  (GoB, 2005). 

 
Figure 4.5 : 5 ppt line for sea level rise scenarios (IWM, 2005) 

Drainage congestion 

Drainage congestion may become a serious threat due to climate change. It is being a grave 

problem due to the combined effect of siltation, subsidence, and poor maintenance of the 

drainage channel networks in many parts of the coastal zone. It is aggravated by reducing 

natural drainage capacity (World Bank, 2000). 

IWM (2005) has studied the change of the tidal characteristics of coastal surrounding rivers 

due to SLR and its impacts on inundation of polder area. This shows that tidal high water 

level at the surrounding rivers of polders increases in the range of 30-80 cm for sea level rise 

of 32 cm and 88 cm respectively (IWM, 2005).  

The study also shows that SLR will deteriorate drainage conditions to a large extent. 17 

polders out of 35 will be facing acute drainage congestion where present performance of these 

polders is satisfactory (figure: 4.7). 
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Figure 4.6 : Drainage congestion effects due to SLR (IWM, 2005) 

4.3 Impacts on Socio-economic sectors 

Most potential impacted sectors are likely to be agriculture, water resource, human settlement, 

health, bio-diversity, infrastructure and industries. 

Impacts on agriculture 

The anticipated sea level rise cause salinity impacts in three ways: surface water, groundwater 

and soil. On the other hand, during the dry season there is low water flow to the Gorai 

distributaries that accelerated the surface water salinity in the southwest region (GoB, 

undated). Due to soil salinity reaching at Khulna, some parts of coastal zone are not being 

used for crop cultivation. It causes problems to normal agricultural practices, resulting in 

reduce of food grain production (Doha and Chowdhury, 2007).  

World Bank (2000) studies that about 0.5 million metric tons of rice production will be 

reduced due to increasing salinity resulting from a 0.3 meter SRL. According to ICZM 

(2004), there are 70% of the 2.35 million hectares in the coastal zone affected by different 

degree of soil salinity. Due to soil salinity and concerting of rice fields into aquaculture 

ponds, rice production is decreasing, enhanced by reducing rice field. A study by Islam 
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(2004) shows that in the fiscal year (FY) 1997-1998, rice production area was decreased 

compared to FY (1993-94) by 1 % and also decreases 26 % of rice production in this period.  

Ali (2005) studied on land use change in southwestern region taking a village of Satkhira 

district. He wrote a report on “Rice to shrimp: Land use/ land cover changes and soil 

degradation in Southwestern Bangladesh” that rice production in 2003 was 1,151 metric tons 

less than the year 1985, corresponding to a loss of 69 per cent. It was calculated that 23 % Out 

of the total decreased production was due to yield loss and 77 %  was because of conversion 

of rice field into shrimp pond ( table:4.3). 

Table 4.2 : Rice production decreasing due to soil degradation (Ali, 2005) 

                                       Year 1985 1990 1995 2003
Area & months under 
rice & shrimp farming 
in ha (% crop land)  

HYV Aman 
July-Nov. 

345.5
(100)

344.6
(100)

332.4 
(97.0) 

314
(91.9)

HYV Boro  
Dec.-May 

200.4
(58)

269.6
(78.2)

122.4 
(32.8) 

58.2
(17)

One Shrimp Cycle
Dec.- Jan. 

36.5
(10.6)

75.0
(21.8)

210.0 
(67.2) 

255.8
(91.0)

Two Shrimp Cycle
Dec.- Nov. 

0 0 20.6 
(3.0) 

55.0
(8.0)

Expected total rice production 1373 1689 1679 1673
Observed total rice production 1265 1260 745 522
Decline in rice 
production due to loss 
of 

Area  108 221 670 890
Yield  - 208 264 261

Total loss of rice production 108 429 934 1151
 

According to Sarwar (2005), there are some other effects on Agriculture, such as 

 Salinezation will cause a reduction of wheat production equivalent to US$ 586.75 

million (BARC, 1999 cited in Islam, 2004). 

 There is very lack of specific grazing field for cattle. Generally, it is collected from 

their rice field. Due to decreasing rice production, it is decreasing fodder production.  

 Fodder shortage is the cause for a declining livestock population from 630 in 1985 to 

168 in 2003 in a small village in Satkhira district (Ali, 2005). 

 Decreasing agriculture production in the coastal zone will cause decreased GDP.  

 Decreased food production will cause food shortage leading to health hazards or even 

famine.  

Impact on ecosystem 

There are potential risks to the coastal ecosystem in Bangladesh. The Sundarbans mangrove 

forest would be a severe threat of SLR. If 45cm SRL by the year 2050, it could be inundated 

75 % (Qureshi and Hobbie, 1994 cited in World Bank, 2000).   It would be the worst victim 
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of climate change due to increase salinity (soil and water) resulting from the combination of 

high evapo-transpiration and low flow in winter. As a result, it will severely affect the growth 

of freshwater-loving specie. It would cause eventually the replacement of the species offering 

canopy cover by the non-woody shrubs and bushes. Thereby, the overall production of forest 

would be radically declined. It may cause the degradation of forest quality and results a 

gradual depletion of the rich diversity of the forest flora and fauna in the mangrove forest 

(World Bank, 2000). On the other hand, the top dying disease is increasing due to climate 

change, mainly increasing soil salinity. 

Most of the protected areas in Bangladesh are at risk of inundation by 1 m SLR. Protected 

areas at Himchari, Sitakunda, Chunati, and Teknaf will be unaffected due to being higher than 

other areas (Sarwar, 2005). Table 4.4 shows the protected areas, their description and impacts 

due to 1 m SRL in the coastal zone.  

Table 4.3 : Impacts of climate change on coastal ecosystem (Rahman and Alam, 2003) 

              Impact of 
 
 Ecosystem  
 

Cyclone 
and 
storm 
surge 

Saline 
water 
intrusion 

Flooding 
and water 
logging 

Drainage 
congestion  

Erosion Drought 
 

Mangrove   
 

Sundarbans XX X   XX X 
Chokoria 
sundarbans 

X X   X  

Coastal 
plantation 

XX X     

Wetlands Coastal 
chars 

X X   X  

Aquatic 
ecosystem 

Estuaries  X X   X  

Marine 
waters 

X X     

coastal Mud flats X X     

beach X X   X  
 

The only highly productive coral island at St. Martin´s Island is in threat due to decrease the 

growth of corals. Due to SLR there is lack of light for corals that affect photosynthesis 

process, thereby, decreasing the growth of corals and also reproduction (Ahmed, 2006).  

Impacts on health 

There is also health impacts related to climate change. Climate variability is strongly related 

with pathogens growth and activity (World Bank, 2000). Climate change has effects on 

human health by i) altered the distribution of some infectious disease vectors, ii) altered the 

seasonal distribution of some allergenic pollen species; and iii) increased heat wave-related 
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deaths (IPCC, 2007). There are also some cases in Bangladesh to increase malaria and dengue 

incidence with rising temperature that favor to grow parasites e.g. mosquitoes (Agarwala 

et.al. 2003). 

There are direct and indirect effects on human health. Sometimes people are being exposed 

directly to climate change by temperature, precipitation, sea level rise and more frequent 

extreme events.  On the other hand, they are also affected indirectly due to changes in the 

quality of environments e.g. air, water and also food. Both exposures can cause death, 

disability and suffering (Rahman, 2007). 

SLR can cause to spread up various diseases e.g. cholera, diarrhea, malnutrition and skin 

disease. Coastal flooding would enhance these diseases in alarmingly (Rahman, 2007). 

Increasing concentration Salinity and wide spreading out to the coastal zone due to climate 

can be the breeding and nursery ground of cholera agents e.g. Vibrio cholerae. That is why 

the coastal zone is more vulnerable of Cholera (Sarwar, 2005). 

Salinity increasing can cause scarcity of safe drinking water. This enforces people to take 

contaminated water, being victim of water borne disease and malnutrition in the coastal zone.  

Impact on tourism  

There are numerous tourism infrastructures in the coastal zone. All facilities will be in great 

trouble by SLR directly or indirectly. Kuakata is very close to shore line and can be affected 

mostly than others. The other spots in the coastal zone are also suffered more by storm surges, 

coastal flooding and cyclones (Sarwar, 2005) 

Impact on security 

The associated decline in crop production, losses of assets and lower employment 

opportunities contributed to increased household food insecurity. Food consumption fell, 

along with household ability to meet food needs on a sustainable basis. Vegetables and many 

other pulses are in short supply during drought (FAO, 2007). According to Sarwar (2005), 

climate change can cause dangerous situation for people living in the coastal zone. It hampers 

the basic needs of human being by scarcity of drinking water, destroying shelter, reducing rice 

production, eroding land mass and infrastructure. 

4.4 Possible Adaptations measures 

The history of the adaptation practices in Bangladesh was not so good. People of Bangladesh 

are fighting against the risk of climate change from their past experiences. They have 
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knowledge to prevent themselves from the victim of natural disaster in short extent but these 

practices are not overcome when the disasters magnitude and frequency is high. Due to lack 

of financial support, technological adaptation options are not being well infra-structured. 

There are known three adaptation options: retreat, accommodation and protection. But 

considering the high population density, future population projections, and shortage of land, 

retreat is not being utilized. The rest two options are have being used since 1950s. There are 

constructed embankment, bridge, sluice gate to control flood and river erosion; cyclone 

centre, coastal embankment for cyclone and storm surges; and irrigation method for drought.  

Some adaptations measures are being used to adopt climate change in Bangladesh shown in 

the following sections.  

Cyclone and storm surge 

The existing Multi-pupose shelters and Killas are provided some of the popultaion. 

Bangladesh government under The National Water Management Plan (NWMP) has proposed 

775 multi-purpose shelters for 1.72 million people and 1,369 killas (raised earth mounds) for 

livestock over the next 15 years (WARPO, 2001). These specially built shelters will be used as 

shelters for human beings, animals, and property during cyclonic periods and as community 

centers, schools, and so forth during normal times. The number of shelters necessary has been 

calculated on the basis of storm surge heights at the coast and the inland intrusion of surge 

water (Ali, 1999). The allocation needs to be based on minimizing the risk to the population 

who are not covered by existing shelters. It should be able to account for socio-economic 

vulnerability, preference to the disadvantaged sections of the society who usually live in the 

areas close to the coast and have the right to community facility since shelters are also 

intended for multi-purpose use as school and community center (BUET, 2008) 

Construction of embankments can be another adaptation and protection measure in the coastal 

area. Embankments will obstruct the penetration of surge water (Ali, 1999). 

The people of the coastal region are easily victim of cyclones and associated tidal surges. 

Cyclone structures were constructed in the 1960s to provide safer shelter for the people in 

these regions.  Shelters are constructed not only to provide refuge but also to use multi-

purpose e.g. school and community center.  There are a little over 2,100 shelters (ICZM, 

2004) in 15 of the 19 coastal districts that can accommodate only 27% of the people at risk. 

The distribution of shelters among the coastal districts is shown in table. 
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Table 4.4 : Distribution of cyclone centers in the coastal region (ICZM, 2004) 

District name  Number of cyclone 
centers 

% of the 
population 
coverage 

Bagherhat 82 11 

Borguna 70 17 

Barisal  57 5 

Bhola 208 24 

Chadpur 5  

Chittagong 492 15 

Cox´s bazar 455 32 

Feni 106 18 

Jhalkathi 26 8 

Khulna 54 3 

Lakshmipur 110 15 

potuakhali 202 16 

perojpur 196 27 

Satkhira 52 8 

Shariyatpur 48 5 

Total 2133  

 

Flooding and water logging 

Since mid 1960s in Bangladesh, there has been a continuous growth of food control and 

drainage project. These projects were undertaken in order to prevent agricultural floodplains, 

and also towns besides networks of rivers. There are four major types: FC (Flood Control) 

projects; FCD (Flood Control and Drainage) projects; FCDI (Flood Control, Drainage and 

Irrigation) projects; and D (Drainage) projects (BUET, 2008).  

In FCD projects, Drainage provisions are mainly managed by regulators and sluices in order 

to evacuate the unwanted rain water from behind the embankment or from within the poldered 

area. There have been 241 FCD projects constructed by BWDB covering 2.36 Mha areas. The 

biggest FCD project in the coastal area is the Coastal Embankment Project (CEP) comprising 

141 polders over approximately 1.05 Mha areas (BUET, 2008). In FCDI projects, drainage is 

done mostly by gravity flow in smaller projects, or by pumps in bigger selected projects, to 

prevent inundation to cropland by riverine floods and tidal floods in the earthen embankments 



Sustainability views of adaptation measures to the potential impacts due to climate change 

35 
 

around the periphery of the project area (polders). No new schemes have commenced since 

1995 (BUET, 2008). 

During floods, seed beds can be made on floating waters individually and in some areas, seed 

beds can be made on the roofs of houses , known as the 'Dapoj" system. The floating garden 

is an adaptation technology on flooded area.  

 
Figure 4.7 : Floating garden and floating seed beds ( IISD, 2007) 

A floating garden is built to allow farmers to grow food. It is a floating raft constructed by 

using water hyacinth, covering with soil and cow dung, where vegetables can be planted. It is 

adventurous that it can be moved from place to place. It is a suitable alternative for those who 

lost temporarily or permanently their homes and land.  It has a drawback that it needs a new 

raft to build every year, but the old one can be used as fertilizer during the dry season (IISD, 

2007) Farmers are re-introducing rice varitites that can adopt in water logging and flooded 

areas.  

In Bangladesh, some farmers are organized in cooperatives to use the flooded plains for fish 

culture as well as to build structures to control the flood level to protect their rice and other 

crops during flooding. 

Salinization: 

To deal with salinity, Changing of crop practices can be applied in the coastal zones. New rice 

varities with higher salinity and higher temperature tolerant can be developed and grown 

during the non-cyclonic period (Ali, 1999). Recently, BRRI (Bangladesh Rice Research 

Institute) has developed a new HYV variety that require that can grow in saline prone areas.  
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It is very important for farmres to grow saline tolerant varieties and new varieties that can 

adapt to salinity through participatory breeding. Farmers can also intrduce saline tolerant non-

rice crops : chili, mustard, maize, and potato (CEGIS, 2008a) 

Drainage congestion: 

To solve the drainage congestion problem, there are several process practiced in this region. 

River channelization helps to unload the recharge water from the upper stream to the Bay of 

Bengal quickly, which remove drainage congestion. Dredging is also done in some cases but 

it is so costly.  

Drought 

To reduce drought risks, the common methods of irrigation were introduced in early sixties. 

These are powered by pumps from surface and ground water. It was introduced by shallow 

deep wells. Then to meet the demand of water, it followed through deep water wells. 

Unfortunately, due to salinity in the extreme south region, groundwater irrigation is also 

constrained (BUET, 2008). The summary of irrigation by different modes is shown in the 

following Table : 

Table 4.5 : Summery of irrigation of different modes (BADC, 2007 cited in BUET, 2008) 

 Mode of irrigation  No of 
equipments 

Area 
irrigated ( 
ha) 

% of total 
irrigated 
area 

Area irrigated 
per equipment 
(ha) 

 A. Ground water irrigation     
1 Deep tube well irrigation 29177 725258 14,85 24,86 
2 Shallow tube well irrigation 1202728 3196127 65,46 2,66 
3 Manual traditional method, 

artesian irrigation (don, dug 
well, treadle pump, rower, 
hand tube well, etc.) 

 14403 0,29  

 Sub total 1231905 3935788 80,00  
 B. Surface water irrigation      
5 Low lift pump irrigation 107293 810027 16,59 7,55 
6 Gravity flow irrigation - 137064 2,81 - 
 Sub total 107293 947091 19,40  
 Grand total 1339198 4882879 100  
 

In some part of the country, irrigation projects were mainly implemented under BWDB by 

carried out by gravitational flow through major irrigation projects. Most of these are FCDI 

schemes facilating FCD as well as irrigation supply. There are some big FCDI projects e.g. 

Pabna Irrigation Project, Chandpur Irrigation Project and Bhola Irrigation Project. There are 
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also some other schemes under BADC; LGED and private sector, apart from the BWDB 

schemes (BUET, 2008). 

Drought can be adopted by dry seedbed method for some rice varieties, re-excavation of 

traditional ponds, khari canals and other water conveyance structures, building of water 

control structures; check dams across the water ways and Construction of mini-ponds, 

shallow and deep tube wells (FAO, 2007). Demonstration of treadle pump and other simple 

technologies for Irrigation can also be adopted (CEGIS, 2008a). Farmers are trying to identify 

drought resistant rice varieties. Farmers are also cultivating rice varieties that require less 

irrigated water.  During the drought season people are planting droght torlerant crops: water 

melon, groundnuts and also cash crops like tobacco (CEGIS, 2008a ). 

 
Figure 4.8 Building of mini-ponds and water conveyance structure (FAO, 2006) 

 
Figure 4.9 : Home stead cultivation (IISD_2007) 

Erosion: 

To solve river erosion, thare are made embankment along the river course. There are also 

dredging to increase rever depth that can load large volume of discharge.   
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Chapter 5 : Case study Analysis:   

In the coastal area of Bangladesh, there are two parts: exposed and interior.  To know the 

indigenous adaptation measures in the coast, there are nine AEZs (Interior coast: AEZ-11, 12, 

14, 17 & 19 and exposed coast: AEZ -13, 18, 23 & 24). A list of study areas covered in the 

coastal region is given in table (5.1).  

Table 5.1: Study areas in the coastal region 

No AEZ Region Study area 
1 AEZ -11 Interior coast Gangni of Meherpur, Magura Sadar of Magura and 

Keshobpur, Monirumpur of Jessore district 
2 AEZ -12 Interior coast Lohagara (Kalna, Manikgonj. Kamthana) of Narial 

District, Harirampur upozilla, 
Manikgang district 

3 AEZ-13 Exposed Coast 
(western) 

Dumuria and Dacope of Khulna, Shamnagar and Vomra of 
Sathkhira and  
Morolganj and Sarankhola of Bagherhat,  
Barguna Sadar Upazila, Amtali Upazila, Patharghata 
Upazila and Betagi Upazila in Barguna district, and 
Kalapara Upazila in Patuakhali district 

4 AEZ -14 Interior coast Mukhsedpur of Gopalganj 
5 AEZ-17 Interior coast Faridganj, Raipur 
6 AEZ-18 Interior coast Hatiya, Nizum Dwip, Char Kurimukri 
7 AEZ- 19 Exposed 

Coast 
Suhilpur, Borail, Bijoynagar, Talimachia 

8 AEZ-23 Exposed Coast 
( Eastern) 

Komira, Mohammadpur, Delpara, Kachubonia, Dakchori, 
Fokiramora, Light House area (Cox’s Bazar) 

9 AEZ-24 Exposed Coast 
(Eastern) 

St. Martin’s Island 

 

5.1 AEZ: 11 - Higher Ganges Floodplain 

Geophysical and Social context of the study area 

High Ganges River Floodplain (13,205 sq km) region includes the western part of the Ganges 

river floodplain which is predominantly highland and medium highland. Most areas have a 

complex relief of broad and narrow ridges and inter-ridge depressions (Rahman et al, 2009). 

Most of the people depend on agriculture to live their lives and most of them are agricultural 

labor. Some people are carpenter and construction workers. Some live their lives by business, 

services etc. They use tube well water for their drinking purposes. Usually they collect 

firewood, straw and cow dung as their domestic energy source. Maximum houses are made of 

brick and some are built of half brick.  
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Main problems:  

A number of hazards have been noticed during field visits by the teams. The common natural 

disasters are flooding and water logging in the low agricultural land and long durable land, 

River erosion, Storm and storm surge. There are also observed heavy rain fall, heavy fog and 

attack of rats and pests. The changes pattern of their frequency, magnitude and timing of 

occurrence are also ranked.   

Table 5.2 : Changes pattern of natural events in AEZ- 11 

No Events Frequency Magnitude Timing of 
occurrence 

Rank

1 Cyclone and storm surge ++ + ++ 2 
2 Saline water intrusion + - - 6 
3 Flooding and water logging +++ +++ +++ 1 
4 Drainage congestion + + + 4 
5 Erosion + + + 3 
6 Drought - - - 7 
7 Others: heavy fog, attack 

rat  
   5 

 

There are used for the following table the same indicator that are +++ denotes high, ++ 

denotes moderate, + denotes low and – denotes no impacts. 

Effected Socio-economic sectors:  

From the field data, there are several consequences by natural disasters due to climate change 

on the socio-economic sectors of the study area. The following table shows the summery of 

the impacts and effected sectors in AEZ - 11: 

Table 5.3 : Intensity of impacts on different sectors in AEZ-11 

      Events 
 
Socio- 
Economic 
Sectors 

Cyclone 
and 
storm 
surge 

Saline 
water 
intrusion 

Flooding 
and 
water 
logging 

Drainage 
congestion 

Erosion Drought  
 

Other 
Heavy 
fog  

Agriculture  + + +++ + ++ - + 
Health  - - +   -  
Human 
settlement  

+ - +++ + + -  

Ecosystem + + ++  + - + 
Security + + + + + -  
 

In addition, Heavy fog (decreasing the production of wheat, mustard, etc) and attack of rats 

and pests in the crop fields are also blamed to human security in lack of crop production. 
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 Adaptation measures  

Agriculture: 

Floating Agriculture: Traditionally “Baira” (hydroponics) have been used by some 

communities in this AEZ. Recently this technology has been introduced in other wetland area. 

Elevated basement of house: People elevated basement of their houses to keep safe from flood 

water. 

Bill Dhan: there are introduced “Bill Dhan” (local name of rice which grow in lakes) which 

grow with increasing flood level.  

Dari tana: It is used to remove insects from crop field people travel long rope over the crops. 

Crop diversification: it is being introduced rice in place of jute, vegetables in place of mustard 

oil etc. 

Integrated firming: In the water logged/ low land area integrated firming is found where fish, 

rice, vegetables and poultry simultaneous produced. 

Plantation of flood tolerant trees: People plant flood tolerant trees and plants around their 

houses and homesteads to protect them from flood impacts and erosion. 

Shrimp culture in place of rice: In case of saline water intrusion by tidal surge people culture 

shrimp. 

Make support for the birds: To kill insects in the crop field, people use shelter for bird which 

ate insects. 

Human settlement  

Temporary shifting: People are shifting temporally for Shelter in school & college buildings 

and nearby high lands or flood shelters during tidal surge and flood. 

Communication through boat: Communication is done through boat in the water logged area 

also people collect drinking water from long distance by boat during flood. 

Migration to urban areas: In case of river erosion when there is no alternative and somebody 

become landless, he permanently migrated to urban area with his family. 

Earthen house: Tana and pela is given by bamboo to strengthen house against storm. 

Security 

Filtered pond water: During flood people drinks filtered pond water. 

Materials preserve in plastic bag: During flood people preserve valuable goods under soil in 

sealed plastic bags. 
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Others 

Rat killing devices: people are used a local devices. These include using of kakra  ( a wooden 

device) in the hole of rat; nursing cat at home; using of poison mixed dry fish near rat holes; 

using of box Kol ( rest from mustard oil) to catch rat; using cane needle to kill rat; using of 

banana tree leaves which seem like snake keep away rat. 

Protect Fog: People spry water, pesticides to make smoke above ground level. Generally used 

for flowered mango trees. 

5.2 AEZ: 12 - Lower Ganges River Floodplain 

Geophysical and Social context of the study area 

Lower Ganges River Floodplain (7,968 sq km) region comprises the eastern half of the 

Ganges river floodplain which is low-lying. The area has a typical meander floodplain 

landscape of broad ridges and basins. Soils of this region are silt loams and silty clay loams 

on the ridges and silty clay loam to heavy clays on lower sites. General soil types 

predominantly include calcareous dark grey and calcareous brown floodplain soils. General 

fertility level is medium (Rahman et al, 2009). 

Most of the people depend on agriculture to live their lives and most of them are agricultural 

labor. Some are fisher man and business man. Maximum houses are made of corrugated iron 

sheet. 

Main problems:  

The natural hazards observed in the AEZ include severe river erosion, flood (due to siltation 

in the river and unplanned road networks), Storm (Irregular), fog (reduce productivity of 

mango, mustard, etc.).  Other problems associated to climate change are severe rat attack in 

agricultural fields, arsenic in drinking water, salinity, lose of fish species and skin diseases. 

The changes pattern of their frequency, magnitude and timing of occurrence are also ranked. 

Table 5.4 : Changes pattern of natural events in AEZ- 12 

No Events Frequency Magnitude Timing of occurrence Rank
1 Cyclone and storm surge +++ + + 2 
2 Saline water intrusion +++ + +++ 1 
3 Flooding and water logging ++ + ++ 3 
4 Drainage congestion + +  5 
5 Erosion - - - 7 
6 Drought + + ++ 4 
7 Others: insect attack +   6 



Sustainability views of adaptation measures to the potential impacts due to climate change 

43 
 

Effected Socio-economic sectors:  

Most problems are reducing crop production, reducing productivity of mango; mustard, kalai 

etc. lose of fish species and skin diseases. The following table shows the summery of the 

impacts and effected sectors in AEZ-12: 

Table 5.5 : Intensity of impacts on different sectors in AEZ-12 

      Events 
 
Socio- 
Economic 
Sectors 

Cyclone 
and 
storm 
surge 

Saline 
water 
intrusion 

Flooding 
and 
water 
logging 

Drainage 
congestion 

Erosion Drought  
 

Other 
Insects
attack 

Agriculture  +++ +++ ++ + + ++ ++ 
Health  + +++ ++ + - -  
Human 
settlement  

+++ - ++ + + -  

Ecosystem +++ +++ ++ - - ++ + 
Security ++ + + + + + ++ 

Adaptation measures  

Agriculture: 

Crop diversification : Crop cultivation during drought, Instead of Aman, Aus, Jute,  now IRRI 

28, 29 , Mustard, Potato, Onion, Teel, Sugar cane, Wheat, Vegetables etc.  

Water spray in mango flower: In case of heavy fog. People spray napthaline with fertilizer to 

protect from insect. 

Fish preservation in natural environment: Local fisherman preserve fish up to 2 to 3 days in a 

shallow hole beside tube well if necessary before marketing as live fish costs high. 

Human settlement  

Shifting of house: Shifting of house at a safe distance from river in case of Moderate River 

erosion. 

Migration: Permanent migration of the nearby community in case of severe erosion. 

Temporary shelter: Temporary residence in nearby elevated schools during flood. 

Elevated house: Basement of house is made at certain level to safe life and wealth from flood. 

Tong or Maccha: There are also constructed houses at higher level (building in the high place) 

during flood and save property. 
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Security 

Food preservation: Preservation of dry food for flood and extreme weather period. 

Homestead gardening: Various types of vegetables are producing which increase their income 

and also plantation around house to save houses from storms. 

Others 

Using of Deep tube well: Bringing deep tube well water for drinking purpose from long 

distance to avoid arsenic, but salinity remains. 

5.3 AEZ: 13 - Ganges Tidal Floodplain 

Geophysical and Social context of the study area 

Ganges Tidal Floodplain (17,066 sq km) region occupies an extensive area of tidal floodplain 

land in the southwest of the country. The greater part of this region has smooth relief having 

large areas of salinity. Riverbanks generally stand about a meter or less above the level of 

adjoining basins (Rahman et al, 2009).  

Most of the people depend on agriculture and fishery to live their lives and most of them are 

agricultural labor. Some are business man. Most of the houses are made of straw, wood. 

Usually they collect firewood, straw, cow dung, agricultural residue as their domestic energy 

source.  

Main problems:  

A number of hazards have been noticed during field visits. The changes pattern of their 

frequency, magnitude and timing of occurrence are also ranked. 

Table 5.6 : Changes pattern of natural events in AEZ- 13 

No Events Frequency Magnitude Timing of occurrence Rank
1 Cyclone and storm surge +++ + + 2 
2 Saline water intrusion +++ + +++ 1 
3 Flooding and water logging ++ + ++ 3 
4 Drainage congestion + +  5 
5 Erosion - - - 7 
6 Drought + + ++ 4 
7 Others: insect attack +   6 
 

Effected Socio-economic sectors:  

The summery of the impacts and effected sectors in AEZ- 13 are given in the following table 

( 5.7): 
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Table 5.7 : Intensity of impacts on different sectors in AEZ-13 

      Events 
 
Socio- 
Economic 
Sectors 

Cyclone 
and 
storm 
surge 

Saline 
water 
intrusion 

Flooding 
and 
water 
logging 

Drainage 
congestion 

Erosion Drought  
 

Other 
Insects
attack 

Agriculture  +++ +++ ++ + - ++ ++ 
Health  + +++ ++ + - -  
Human 
settlement  

+++ - ++ + - -  

Ecosystem +++ +++ ++ - - ++ + 

Security ++ + + + + + ++ 
 

Adaptation measures  

Agriculture: 

Crop diversification: Rice in place of jute, vegetables in place of mustard etc., saline tolerant 

variety of rice. 

Shrimp culture: Shrimp culture increased significantly in the previous years where rice fields 

are degraded due to salinity intrusion. 

The ‘Kandi-paya Ber’ cultivation practice: it is very common in the region. In this method, 

the land is artificially undulated. Farmer creates successive high and low structure made of 

soil. The higher part is called ‘Kandi-paya’ and between two successive ‘Kandi-paya’, the 

lower part is called ‘Ber’. In ‘Kandi-paya’, farmers cultivate banana, tomato etc. 

Human settlement  

Rescue shelter: During cyclone and tidal surge people generally take shelter in the cyclone 

shelters or nearby school buildings. 

Earthen house: Tana and pela is given by bamboo to strengthen house against storm. 

Plantation around house: To save houses from storms. 

Maintain and increase forest cover in the upstream: In case of tidal surge and cyclone, forest 

cover reduces the strength of storms. 

Security 

Food preservation: Preservation of dry food for flood and extreme weather period. 

Materials preserve in plastic bag: During flood people preserve valuable goods under soil in 

sealed plastic bags. 
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5.4 AEZ: 14 - Gopalganj-Khulna Beels 

Geophysical and Social context of the study area 

Gopalganj-Khulna Beels (2,247 sq km) region occupies extensive low-lying areas between 

the Ganges river floodplain and the Ganges tidal floodplain (Rahman et al, 2009).  

Most of the people depend on agriculture and fishing to live their lives and most of them are 

agricultural labor. Some are business man. Most of the houses are made of tin. Main crops are 

paddy, wheat, mustered, vegetable, tobacco and Mango, coconut are common trees. 

Main problems:  

Due to changes in climatic variables like rainfall pattern change and increased temperature 

and humidity, a number of impacts were noticed during field visits. These are severe and 

regular flood; storm; water logging due sedimentation of the river and canals; and heavy fog. 

The changes pattern of their frequency, magnitude and timing of occurrence are also ranked. 

Table 5.8 : Changes pattern of natural events in AEZ- 14 

No Events Frequency Magnitude Timing of occurrence Rank
1 Cyclone and storm surge ++ ++ + 2 
2 Saline water intrusion - - -  
3 Flooding and water logging ++ + +++ 1 
4 Drainage congestion + + ++ 3 
5 Erosion - - -  
6 Drought - - -  
7 Others: insect attack, 

Heavy fog 
+ + + 4 

 

Effected Socio-economic sectors:  

The following table shows the summery of the impacts and effected sectors in AEZ-14: 

Table 5.9 : Intensity of impacts on different sectors in AEZ-14 

      Events 
 
Socio- 
Economic 
Sectors 

Cyclone 
and 
storm 
surge 

Saline 
water 
intrusion 

Flooding 
and 
water 
logging 

Drainage 
congestion 

Erosion Drought  
 

Other 
Insects
attack 

Agriculture  ++ - +++ +   + 
Health    +     
Human 
settlement  

++  +++ +    

Ecosystem +  ++    + 
Security ++  +++ +   + 



Sustainability views of adaptation measures to the potential impacts due to climate change 

47 
 

Adaptation measures  

Agriculture: 

Sula and Dhanicha plantation: People start Sula and Dhanicha plantation before flood come. 

This sula save them from wave and tide. 

Human settlement  

Gatua: there are observed two types of Gatua in this AEZ ( Gopalgonj-Khulan Beel area). 

These are made save domestic animals from flood. Sometimes they are also used for human 

shelter and small scale agricultural practice.  

Making Final: It is a one type of floating fence made by water hyacinth and long bamboo. It is 

prepared around the flood affected house to reduce wave strength.  Thereby, it can save 

houses from erosion. 

Macha (elevated platform made by wood and bamboo): Maccha is made inside the room-to 

save life and goods from flood. 

Elevated house: Saves house from flood damage. 

One and half floored house: There are also found one and half floored house in this zone. 

Valuable goods are preserved in the upper half floor spaces that reduce flood damage. 

Security 

Using of deep tube well:  Deep tube well to avoid saline and arsenic water 

Others 

Local rat trapping devices: There are practiced poison-trap and Bakso Kol (a wooden rat 

catcher box) catch and kill rat. 

5.5 AEZ: 17 - Lower Meghna River Floodplain 

Geophysical and Social context of the study area 

Lower Meghna River Floodplain is 909 sq km. This area occupies the transitional area 

between the middle Meghna river floodplain and the young Meghna estuarine floodplain. 

This zone is very close to Bay of Bengal and mouth of river Meghna (Rahman et al, 2009). 

Main problems:  

Common hazards are river flooding and river bank erosion. The changes pattern of their 

frequency, magnitude and timing of occurrence are also ranked. 
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Table 5.10 : Changes pattern of natural events in AEZ- 17 

No Events Frequency Magnitude Timing of occurrence Rank
1 Cyclone and storm surge ++ + ++ 3 
2 Saline water intrusion +  + 5 
3 Flooding and water logging +++ ++ +++ 1 
4 Drainage congestion + + + 4 
5 Erosion +++ ++ +++ 2 
6 Drought    7 
7 Others: insect attack +   6 

Effected Socio-economic sectors:  

The summery of the impacts and effected sectors in AEZ-17 is given in the table (Table 5.11): 

Table 5.11 : Intensity of impacts on different sectors in AEZ-17 

      Events 
 
Socio- 
Economic 
Sectors 

Cyclone 
and 
storm 
surge 

Saline 
water 
intrusion 

Flooding 
and 
water 
logging 

Drainage 
congestion 

Erosion Drought  
 

Other 
Arsenic 
problem

Agriculture  +  +++  +++  ++ 
Health    ++    +++ 
Human 
settlement  

+  +++  +++   

Ecosystem +  ++  ++   
Security   +++  +  ++ 

Adaptation measures  

Agriculture: 

Change Cropping Pattern: in this flood affected AEZ; people have been introduced new crop.  

The newly crops are maize, high yielding variety rice, some commercial crop, etc.  

Fish cultivation in small pond: For domestic demand and also for increasing fish production 

they often cultivate fish in small pond. As the local species fish production goes in a 

vulnerable condition.  

Human settlement  

Polder is constructed for the protection from river erosion and embankment for flood 

protection. 

Security  

Rainwater harvesting: The practice is done for safe drinking water where other sources are 

very scarce. During the monsoon there has a potential to supplement the demand for drinking 

water supply in all the arsenic affected areas. It is most likely an appropriate option in coastal 

areas where both the surface water and groundwater are saline. 
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Small Ponds: Ponds are used for surface water storage all the year in this zone. Every house 

has one or more pond for their domestic use they also cultivate fish at small scale for own 

need. 

Dug well: Digging well is the oldest method of drinking water supply in rural. The supply 

source is the surface water stored in the upper layer underneath ground surface that renews 

annually through flood and rainfall. 

5.6 AEZ: 18 - Young Meghna Estuarine Floodplain 

Geophysical and Social context of the study area 

This zone comprises Noakhali and Bhola districts. Morphologically the area has smooth relief 

mainly flood plain except riverbanks and embankment. Major River is Meghna and some 

tributaries and distributaries of Meghna (Rahman et al, 2009).  

Main professions of the people are agriculture, fishing and small business. Most of the house 

and other domestic structures are made by local materials for example wood, bamboo, 

coconut leaf, etc. but some people now using corrugated tin, brick and concrete. Presently 

road communications are developing; roads are metal or semi metal, wider and high enough 

to survive from flood. 

Main problems:  

The main problems in this AEZ include Flood, Storm, and Cyclone and salinity intrusion. The 

frequency of flood has decreased but the intensity increased in a significant manner. From the 

field data, there is also observed drought due to low rainfall in Pre monsoon and heavy fog 

during winter. The changes pattern of their frequency, magnitude and timing of occurrence 

are also ranked (Table 5.12). 

Table 5.12 : Changes pattern of natural events in AEZ- 18 

No Events Frequency Magnitude Timing of occurrence Rank
1 Cyclone and storm surge +++ + + 2 
2 Saline water intrusion +++ + +++ 3 
3 Flooding and water logging +++ +++ ++ 1 
4 Drainage congestion - -  7 
5 Erosion + - + 6 
6 Drought + + ++ 4 
7 Others: heavy fog + ++  5 
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Effected Socio-economic sectors:  

From the field data, there are several consequences by natural disasters due to climate change 

on the socio-economic sectors of the study area. These cause low soil productivity and 

increase Pest problem due to IRRI cultivation and also fish diseases. The temperature has 

increased significantly over past 30 years. The duration of winter season is also reduced. 

Although the coldness in winter decreased, the density of fog increased here. This change 

causes various adverse effects in agriculture in this area (Rahman et al, 2009).  

Wheat production is disturbed due to this change. Heavy fog causes diseases of potato called 

‘Late Blite’. The raise in temperature also causes the increment of diseases caused by fungus. 

Another disease called ‘Neck Blast’ of rice also increases due to temperature rise. The 

following table shows the summery of the impacts and effected sectors: 

Table 5.13 : Intensity of impacts on different sectors in AEZ-18 

      Events 
 
Socio- 
Economic 
Sectors 

Cyclone 
and 
storm 
surge 

Saline 
water 
intrusion 

Flooding 
and 
water 
logging 

Drainage 
congestion 

Erosion Drought  
 

Other 
Insects
attack 

Agriculture  +++ +++ ++ + - ++ ++ 
Health  + +++ ++ + - -  
Human 
settlement  

+++ - ++ + - -  

Ecosystem +++ +++ ++ - - ++ + 
Security ++ + + + + + ++ 

Adaptation measures  

Agriculture: 

Cropping Pattern changing: During heavy fog during winter, Robi crops cultivation are 

replaced by IRRI and water friendly crops for excessive rain fall in late monsoon.  

Seed preservation: Farmers are using earthen jar or sack. After collecting the best quality 

seed, it is dried under the sun light and put it into the jar with earthen plate and finally it is 

sealed with cow dung or clay. When the use sack, they just put the seeds inside and sewing 

the sack. 

Supplying water: In low rainfall of pre monsoon, people are supplying water in their paddy 

field from nearby canals and rivers by pumps. Alternative crop cultivations are practiced i.e. 

IRRI instead of Aus. 
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Human settlement  

Shifting temporary: During the flood time people taking their cattle and goats into the nearby 

high lands or embankments or road side, but recently people are making small high area in 

front of their house for this purposes. 

Improving Housing pattern: people are improved housing pattern by increasing their house 

base above the maximum flood level. 

Increasing strength of the house: The people tie their tin shed house with trees by using rope. 

Strong fencing is developed around the house through plantation of timber tree against the 

cyclone.  

Security 

Trap pond management: it is a process to keep the wild species of fishes during the flood. 

People are using tree branches and bushes to make shelter for fishes because tree and bushes 

are providing food by creating algae but when water level is going down people give the 

current net fencing around the pond and trap the fishes. 

Using organic fertilizer: People are using organic fertilizer to increase the soil fertility. Few 

changes have been made in cropping pattern. A new variety of paddy locally called ‘Lum’ is 

cultivated along with Aush and Aman in the same land. Another variety HYV is also 

cultivated here. 

5.7 AEZ: 19 - Old Meghna Estuarine Floodplain 

Geophysical and Social context of the study area 

The Old Meghna Estuarine Floodplain (7,740 sq km) region occupies a large area, mainly 

low-lying land between the south of the Surma-Kushiara floodplain and the northern edge of 

the young Meghna estuarine floodplain (Rahman et al, 2009). 

It was found that there were different types of natural phenomenon/events in this region from 

the last 30 years. Once some events was helpful for the environment because it was not in 

extreme condition just was systematic but now extreme heat and cold affects upon the 

environment because of climate changes. 

Main problems:  

Natural calamity such as: flood, cyclone, draught, tornado etc. is as usual for the people of 

these areas. Extreme heat, low rainfall and the short duration of cold season are the main 
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problem for this area. The changes pattern of their frequency, magnitude and timing of 

occurrence are also ranked. 

Table 5.14 : Changes pattern of natural events in AEZ- 19 

No Events Frequency Magnitude Timing of occurrence Rank
1 Cyclone and storm surge ++ ++ +++ 3 
2 Saline water intrusion     
3 Flooding and water logging +++ +++ +++ 1 
4 Drainage congestion - - -  
5 Erosion + + + 6 
6 Drought +++ ++ +++ 2 
7 Others: mouce attack ++ + + 4 

Effected Socio-economic sectors:  

From the field data, there are several consequences by natural disasters due to climate change 

on the socio-economic sectors of the study area. One of the main problems of this area is 

mouse attack in crop field. As a result, every year a large amount of crops were destroyed. 

The duration of rainy and winter seasons were changed in this zone. For the same reason, now 

dense fog is seen in winter season which affects the production of crops (Potato) and fruits 

(mango). The following table shows the summery of the impacts and effected sectors in this 

AEZ -19: 

Table 5.15 : Intensity of impacts on different sectors in AEZ-19 

      Events 
 
Socio- 
Economic 
Sectors 

Cyclone 
and 
storm 
surge 

Saline 
water 
intrusion 

Flooding 
and 
water 
logging 

Drainage 
congestion 

Erosion Drought  
 

Other 
mouse
attack

Agriculture  +++ - +++ -  +++  
Health  + - + -    
Human 
settlement  

++ - ++ -    

Ecosystem + - ++ -  ++  
Security ++ - ++ -  +++  

Adaptation measures  

Sometimes the dwellers lose their lives, property and their crops. When they lose their crops it 

will enforce negatively in the national food security. They practice some life supporting 

techniques against natural calamities which depends upon the type of the calamity (intensity, 

duration). 
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Agriculture: 

Crop diversification: People are practicing with some new crops as a result of climate change. 

Also they have changed some crop pattern (now a day’s jute is not cultivated).  

Due to low rainfall, farmer of this region used straw (local name ‘NARA’) in their fields 

which keep the soil moisture for a longer time. 

Human settlement  

Because of their survival the people are practicing with some techniques for adaptation 

against floods. As for example - they increase the height of their houses about 1.5 to 3 feet. 

5.8 AEZ: 23 - Chittagong Coastal Plain 

Geophysical and Social context of the study area 

Chittagong Coastal Plain occurs in the west of Chittagong hills sloping down to the sea coast. 

This area resembles the Northern and Eastern Piedmont Plain except that the area has no 

medium lowland and lowland which seasonally remains deeply inundated but on the other 

hand, the whole area is exposed to cyclone and the low-lying coastal areas are subject to 

saline storm surges. The area is highly susceptible to flash floods. Soils are mostly sandy in 

the sloping foot hills often with deposits of Kaolin sands or silica sands, a meter or so below 

the surface. Soils in the lower sites away from the foothills are mostly clayey. Most of the 

cultivated soils have compact plough-pan which prevents or restricts cultivation of dry lands 

rabi crops, and have low moisture holding capacity (Rahman et al, 2009).  

Main problems:  

Most common hazards of this area are hilly flood, cyclone, storm surge and saline water 

intrusion. The changes pattern of their frequency, magnitude and timing of occurrence are 

also ranked (Table 5.16). 

Table 5.16 : Changes pattern of natural events in AEZ- 23 

No Events Frequency Magnitude Timing of occurrence Rank
1 Cyclone and storm surge +++ ++ +++ 1 
2 Saline water intrusion ++ + ++ 3 
3 Flooding and water logging ++ + +++ 2 
4 Drainage congestion + +  6 
5 Erosion - - - 4 
6 Drought + + ++ 7 
7 Others: insect attack +   5 
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Effected Socio-economic sectors:  

From the field data, there are several consequences by natural disasters due to climate change 

on the socio-economic sectors of the study area. Water logging is another problem of the city 

dweller; Insects and pest (Rat) attack agricultural product and twisting of paddy leaves when 

crop is in progressing and it reduces production rate. Other insects also attack during warmer 

weather. During summer water crisis occur here due to insufficient deep tube well. The 

following table shows the summery of the impacts and effected sectors: 

Table 5.17 : Intensity of impacts on different sectors in AEZ-23 

      Events 
 
Socio- 
Economic 
Sectors 

Cyclone 
and 
storm 
surge 

Saline 
water 
intrusion 

Flooding 
and 
water 
logging 

Drainage 
congestion 

Erosion Drought  
 

Other 
Insects
attack 

Agriculture  +++ +++ +++ - + - ++ 
Health  + + ++ + - -  
Human 
settlement  

+++ - +++ + - -  

Ecosystem +++ +++ ++ - - ++ + 
Security ++ ++ ++ - + + ++ 
 

Adaptation measures  

Agriculture 

Insect control tree planting: There are some indigenous practices here. One is planting Boroi 

dal in paddy field. They hit paddy leaves softly in the whole field and insects are injured/die 

by spike of boroi dal. Another is that farmers also plant one kind of herb/shrub plant which is 

locally named as ‘Jelmoni’ to check/removal of insects of paddy field. They plant one/more 

‘Jelmoni” plant few feet interval in each raw in the whole paddy field and they said that this is 

very effective that check these types of insects. Farmers also use insecticides named Mapsin 

(powder). 

Human settlement  

Short Height House: In this AEZ, there are found an interesting adaptation measure that 

people build their house at short height with in the coastal embankment, therefore, violent 

wind cannot destroy the house. The height of the house equivalent to the embankment height 

that is why wind passes over the roof of the house, But all the time they do not get rid of the 

violent nature. 
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Avoiding hill foots: People do not make house in the foot hills because of risk of land slide 

during rainy season. Very few poor people make home in the foot hills and these people and 

other people whose house are weak and vulnerable to damage shift to other’s people’s house 

when ceaseless precipitation occurs and before hilly flood (flash flood). 

Security 

Farmers harvest their cultivated crops before intense rainy season occurs. People who gains 

capacity, make stronger house later for the protection of further high intensities’ cyclonic 

event.  

Poor people with weak house system and nearest to beach in this area go to cyclone shelter 

when cyclone signal is 10. Signal up to 8-9, people stay in their own home. 

5.9 AEZ: 24 - St Martin's Island 

Geophysical and Social context of the study area 

St Martin's Island (8 sq km) is the smallest but distinctive region occupies the whole of St. 

Martin’s in the extreme south of the country. St. Martin’s Coral Island has a smooth 

landscape of old and young ridges and inters ridge depressions. Soil materials are calcareous. 

They have originated from broken coral sediments. The higher sites have older sediments and 

are moderately well drained. Lower sites are tidally flooded and have grey sandy materials 

(Rahman et al, 2009). 

Socioeconomic condition of people of this island is not good. Most of the people of this island 

are fishermen. Rests are small businessmen (dry fish), day labors and farmers. 

Main problems:  

Cyclone and saline water intrusion are the main problem in this AEZ. The changes pattern of 

their frequency, magnitude and timing of occurrence are also ranked ( Table 5.18). 

Table 5.18 : Changes pattern of natural events in AEZ- 24 

No Events Frequency Magnitude Timing of occurrence Rank
1 Cyclone and storm surge +++ +++ +++ 1 
2 Saline water intrusion +++ + +++ 2 
3 Flooding and water logging - - +- 3 
4 Drainage congestion - -  7 
5 Erosion + + + 5 
6 Drought - - - 6 
7 Others: insect attack +   4 
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Effected Socio-economic sectors: 

The summery of the impacts and effected sectors in this AEZ is geven in the table (Table 

5.19): 

Table 5.19 : Intensity of impacts on different sectors in AEZ-24 

      Events 
 
Socio- 
Economic 
Sectors 

Cyclone 
and 
storm 
surge 

Saline 
water 
intrusion 

Flooding 
and 
water 
logging 

Drainage 
congestion 

Erosion Drought  
 

Other 
Insects
attack 

Agriculture  +++ +++ + - - ++ ++ 
Health  + + + - - -  
Human 
settlement  

+++ - + + - -  

Ecosystem +++ +++ + - - ++ + 
Security ++ + + + + + ++ 
 

Mainly human activities as well as natural calamity e.g. Cyclone are causing serious 

interruption in this natural habitat of corals and making it vulnerable for them. So, GoB has 

already declared this island as an Ecologically Critical Area (ECA).   

Adaptation measures  

People make shallow ditch or mud hole in crop field where fresh water stores slowly from 

surrounding shallow water table which is used in crop field.  

In normal cyclonic condition they don’t get fear. If meteorological department declares No. 3 

or 4 ranked Signal, fishermen don’t go to sea for hunting of fish. If cyclonic event become 

severe in rank e.g. above 7, people of weak houses go to cyclone shelter for the safety of their 

lives. In general, below no. 7 ranked cyclone signal all people stay at their own home and they 

keep their children at close of them. Nobody goes outside of house during cyclone and storm 

until ends at this condition. People who gains capacity, make stronger house later for the 

protection of further high intensities’ cyclonic event. 
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Chapter 6 : Results and discussion 

6.1 General outputs  

There are two type of coast: interior coast and exposed coast. These face different type of 

hazards and affected in different way on the socio-economic sectors of the coastal zone. The 

people also gather different experience and they also adopt in different ways in the 

agriculture, human settlement and their own security.  

6.1.1 Main Problem 

The interior coast: 

In the interior coast, there are been noticed a number of climatic hazards including flooding 

and water logging, river erosion, storm and tidal surge. Flooding is the most one due to 

siltation in the river and also unplanned road networks. The frequency of flood has decreased 

but the intensity increased in a significant manner. Water logging is due to sedimentation of 

the rivers and canals and also unplanned sluice gate. River erosion is also most responsible for 

loss of human settlement. In some part of this zone, drought is also privileged.  

Due to changes in climatic variables like rainfall pattern change and increased temperature 

and humidity, there are also observed heavy rain fall and heavy fog. Other problems 

associated to climate change are severe rats and pests attack in agricultural fields. Arsenic in 

drinking is also another problem in the interior coast due to accelerating huge amount of 

ground water for agriculture and domestic uses.  

The exposed coast 

In the exposed coast, there are also found that three regions of coast are facing climate change 

in different way due to difference in its hydrology, and morphology. In the eastern region, 

cyclone and storm surge are the main hazards which are being increasing with its magnitude 

and frequency. In the central region, coastal erosion and flooding are the main hazards. In the 

western region, cyclone and storm surge and sea water intrusion are the main hazards. Salinity 

intrusion is being the next hazardous events. There are also little drought and drainage 

congestion in the exposed zone of these areas.   

6.1.2 Effected Socio economic sectors 

In the interior coast, agriculture and human settlement are most affected by flooding and river 

erosion. In the interior coast, there are also caused low soil productivity and increase pest 

problem. Wheat production is disturbed due to this change. In addition, Heavy fog 
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(decreasing the production of wheat, mustard, etc) and attack of rats and pests in the crop 

fields are also blamed to human security in lack of crop production. 

In the exposed coast, saline water encroaches by shrimp farmer and the shrimp farming land 

become out-of-cultivation. Insects and pest (Rat) attack agricultural product.  

6.1.3 Adaptation measures:  

Sometimes the dwellers lose their lives, property and their crops. When they lose their crops it 

will enforce negatively in the national food security. They practice some life supporting 

techniques against natural calamities which depends upon the type of the calamity (intensity, 

duration). 

Agriculture:   

 Crop diversification: In this region, there are introduced the change in cropping 

pattern. The people introduced new crop in their flood or drought affected area. The newly 

crops are maize, high yielding variety rice, some commercial crop, etc. Rice in place of jute, 

vegetables in place of mustard etc. Corn cultivation during drought, Instead of Aman, Aus, 

Jute, IRRI 28, 29 , Mustard, Potato, Onion, Sugar cane, Wheat, Vegetables etc. People start 

Sula and Dhanicha plantation before flood come. This sula save them from wave and tide. In 

low rainfall people are supplying water in their paddy field from nearby canals and rivers by 

pumps. Alternative crop cultivations are practiced i.e. IRRI instead of Aus. 

 Floating Agriculture: it is widely used in the coastal zone. 

 Bill Dhan: there are introduced of “Bill Dhan” which grows with increasing flood 

level.  

 Seed preservation: For seed preservation, farmers are using earthen jar or sack. After 

collecting the best quality seed, it is dried under the sun light and put it into the jar with 

earthen plate and finally it is sealed with cow dung or clay. When the use sack, they just put 

the seeds inside and sewing the sack. 

 Integrated firming: In the water logged/ low land area integrated firming is found 

where fish, rice, vegetables and poultry simultaneous produced. 

 Plantation of hazards tolerant trees: People plant hazard tolerant trees e.g. coconuts 

and plants around their houses and homesteads to protect them from flood impacts and 

erosion and also deep rooted tress that protect from violent wind speed by cyclone.  

 Fish preservation: In natural environment, local fisherman preserve fish up to 2 to 3 

days in a shallow hole beside tube well if necessary before marketing as live fish costs high. 

For domestic demand, they often cultivate fish in small pond. As the local species fish 

production goes in a vulnerable condition.  
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 The ‘Kandi-paya Ber ’ cultivation: it is very common in the region.  

 Shrimp culture: Shrimp culture increased significantly in the previous years where 

rice fields are degraded due to salinity intrusion. 

 Trap pond management: it is used to keep the wild species of fishes during the flood. 

Human settlement 

 Rescue shelter: During cyclone and tidal surge people generally take shelter in the 

cyclone shelters or nearby school buildings. 

 Elevated house : Basement of house is made at certain level to safe life and wealth 

from flood. 

 Tong or Maccha:  During flood, extremely poor people usually make Tong or 

Maccha in safer zone and stay upon them with their property. 

 Temporary shifting: Shelter in school & college buildings and nearby high lands or 

flood shelters during tidal surge and flood and river erosion. 

 Migration to urban areas: In case of river erosion when there is no alternative and 

somebody become landless, he permanently migrated to urban area with his family. 

 Communication through boat: Communication is done through boat. 

 Making “Final”: One type of floating fence made by water hyacinth and long 

bamboo is prepared around the flood affected house to reduce wave strength and thereby save 

houses from erosion. 

 One and half (1.5) floored house: One and half floored house found at this zone, 

valuable goods are preserved in the upper half floor space. Reduce flood damage. 

 Short Height House: there are also used short height house inside the embankment 

that protect a certain limit. The height of the house equivalent to the embankment height that 

is why wind passes over the roof of the house.  

 Avoiding foot hills: People do not make house in the foot hills because of risk of land 

slide during rainy season. 

Security 

 Filtered pond water: During flood people drinks filtered pond water. 

 Materials preserve in plastic bag: During flood people preserve valuable goods 

under soil in sealed plastic bags. 

 Food preservation: Preservation of dry food for flood and extreme weather period. 

 Homestead gardening: Various types of vegetables are producing which increase 

their income. 
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 Rainwater harvesting: The practice is done for safe drinking water where other 

sources are very scarce. It is most likely an appropriate option in coastal areas where both the 

surface water and groundwater are saline. 

 Plantation around house: To save houses from storms. 

 Small Ponds: Ponds are used for surface water storage all the year in this zone. Every 

house has one or more pond for their domestic use they also cultivate fish at small scale for 

own need. 

Others 

 Rat killing devices: there are various practices in the coastal zone to control rat. 

These include: nursing cat at home; use of poison mixed dry fish near rat holes; using cane 

needle to kill rat and also using of banana tree leaves which seem like snake keep away rat. 

 Facing Mites: people use of kerosine or saline water in the hole; and to spray 

poisons. 

 Movable stove: there are used sof movable stove during heavy rain and flood to cook 

food. 

 Insect control: There are some indigenous practices here. One is to plant insect 

control trees in the field.  

 Pesticides: there are used different pesticides for various pest.   

6.2 Sustainability views 

The criteria adopted from the principles of sustainable adaptation are numbered as 1 to 11 and 

then the measures gathered from the field survey for agriculture, human settlement, security 

and others are evaluated using the scale: high, medium and low.  

Table 6.1 Evaluation criteria and rating in scale 

No Evaluation Criteria  Scale 
1 Effectiveness for potential mitigation  High (H) 

Medium (M) 
Low (L) 

2 Implement ability for the present need 
3 Feasibility 
4 Relevance to vulnerable community 
5 Suitability for future climate scenarios 
6 Applicability to multiple events 
7 Economic viability 
8 Local people Participation 
9 Environmental friendliness 
10 Ecosystem connectivity  
11 Cultural acceptability 
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From the field survey analysis and in some cases own views are used to evaluate these 

measures.  

Agriculture: 

The adaptation measures for agriculture in the coastal zone are evaluated in the following 

table:  

Table 6.2 Sustainability of adaptation in agricultures 

No Adaptation  
measures 

1 2 3 4 5 6 7 8 9 10 11 

1 Crop diversification H H M H H M H H M H M 

2 Floating Agriculture M M H H M L H L H M M 

3  Bill Dhan H M M L M L H M M M M 

4 Seed preservation   M H L H H H L M M M 

5 Integrated firming H H M M H L H H H M M 

6 Planting  hazards  tolerant 
tree 

M
H 

M M M M 
H 

M 
H 

M M 

7 Fish preservation M M H M M L H M M L M 

8 Kandi paya ber M H M M M L H M H L M 

9 Shrimp culture L H L L H L H  H  L L H 

10  Trap pond management  M M M M H L H L L L H 

 

Human settlement: 

The adaptation measures for human settlements are evaluated on sustainability views in table 

(table-6.3). 

Table 6.3 Sustainability of adaptation in Human Settlement  

 

No Adaptation  
measures 

1 2 3 4 5 6 7 8 9 10 11 

1 Rescue center  H H H H H H M  H H M  H 

2 Elevated house  M M M H H H H M M M M 

3 Tong or Maccha M M M H H H H M M M M 

4 Temporary shifting:  M M L M  H H M L L L  M 

5 Migration to urban 
areas 

M M 
H H H H 

M M  
L 

L M 

6  Communication 
through boat  

H H 
M M L L  

H H H H H 

7 Making “Final” M M M L L L M L M M L  



Sustainability views of adaptation measures to the potential impacts due to climate change 

62 
 

8 One and half (1.5) 
floored house 

M M M L L L 
H 

M M L 
M 

9 Short height houses M M M M M L H L L L H 

10 Avoid foot hills H H H H H L H M H H M 

 

Security: 

The adaptation measures for security are evaluated on sustainability views in table (table- 

6.4). 

Table 6.4 Sustainability of adaptation in security 

 

No Adaptation  
measures 

1 2 3 4 5 6 7 8 9 10 11 

1 Filtered pond water:  H H H H H H M H H M   M 

2 Materials preserve in 
plastic bag  

M M M M M M 
H 

M L L M 

3 Food preservation:  H H H M H H M M M M M 

4 Homestead 
gardening 

M M 
H H H H H 

M 
H H 

M 

5 Rainwater harvesting  M M M M L L H M L L M 

6 Small Ponds M M M M L L H M L L M 

7 Plantation around the 
house 

M M M M M 
H H 

M 
H H 

M 

 

Others: 

The adaptation measures for other issues are evaluated on sustainability views in table (table-

6.5 ). 

Table 6.5  Sustainability of adaptation in other issues 

 

No Adaptation  
measures 

1 2 3 4 5 6 7 8 9 10 11 

1 Rat killing devices: M M M M L L M M L L M 

2 Facing mites  H H M M L L L  M L L M 

3 Movable stove H H H M M M H M L L M 

4 Insect control H H H M L L L M L L M 

5 Pesticide H H M H M L H M L L M 
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Chapter 7 : Conclusion 

7.1 Conclusion 

Climate Change 

The literature reviews and filed survey evidence that climate is changing in Bangladesh and 

the most vulnerable zone is coastal zone. The frequency and magnitude of the natural hazards 

are also increasing with climate change; therefore, the impacts on socio-economic sectors are 

being more affected.  

Climate Change Adaptation 

The people of the coastal zone have been suffering from climatic events for long time and 

they are trying to adjust with changing climate through different coping mechanisms. It is 

evidence that climate change varies among the nine coastal AEZs and the impacts also varies 

in the interior and exposed coast. Therefore, the coping mechanisms are also observed 

different in the nine AEZs.  

In the interior coast, Flooding, water logging and erosion are the main problems. That are 

why, the adaptation measures are developed coped from them. The adaptation measures 

include crop diversification, integrating farming, home stead farming, flood tolerance verities 

cultivation for agriculture; shifting, height house,  rescue center, plantation around house for 

human settlement; home stead gardening, filtered water for security. In the exposed coast, 

cyclone and storm surge are the main hazards. Salinity intrusion is being the next hazardous 

events. The adaptation measures include shrimp culture, saline tolerance verities cultivation 

for agriculture; avoiding hill foots, short height house, one and half house for human 

settlement; and home stead gardening, harvesting water for security.  

Sustainability views  

Agriculture 

There is being diversified crops in agriculture practices. This shows high sustainability in 

criteria of effectiveness, implement ability, relevance, suitability, economic. This also show 

medium sustainability due to four criteria: low feasibility, not applicable for multiple events 

and friendliness high to relevant environment, low to another environmental and low social 

acceptance. Others measures:  integrating farming, shrimp culture are medium to high 
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sustainable in terms of present need, single applicability, economic viability but low 

sustainable in terms of local participation and multiple sector applicability.  

Human settlement 

Rescue center, elevated house, shifting and avoiding hill foots are medium to high sustainable 

for efficiency, effectiveness, implement ability and relevance but low for local participation, 

economic viability, and environmental connectivity. 

Security  

Using filtered water, material preserve in plastic bag, food preservation for risk time and rain 

water harvesting show high to medium sustainability in terms of present need, single 

applicability and economical viability. But they show low for local participation and multiple 

sector applicability. These are restrained time limited and event related hazards. Home stead 

gardening and plantation around the house show long term sustainability views for multiple 

hazards events.  

7.2 Recommendation 

There are uncertainty in prediction of climate change and formulation of its impacts due to 

nature and also the uncertainty in policy taking by the countries of the whole world to reduce 

green house gases. It is necessary to re-predict the climate and its potential impacts by 

analyzing the present available data. Then, it will be well said to analyze the sustainability of 

adaptation measures taken in various sectors.  

Adaptation measures: 

Crop diversification needs more scientific invention to produce tolerance varieties in various 

hazards zone. Modified crops can be made more sustainable by lab testing them in more 

tolerant environment and also field testing.  

Floating agriculture and integrating farming can be introduced into another flood related 

regions by changing varieties native to the zone. 

Shrimp culture is the best alternative for farmers in economical views in the saline water 

intrusion region but there is also found vulnerable to environment due to excessive culturing, 

making agriculture land to ponds for shrimp, using fertilizer and insecticide in the ponds. It is 

necessary to follow sustainable aquaculture practices in the saline zone to decline the impacts 

of climate change. 

There are limited rescue center in the coastal region to be safe from cyclone, storm surges in 

terms of population ratio with not sufficient facilities for the victim. It is necessary to settle a 
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large amount of rescue centers considering population ratio with well facilities for multiple 

purposes of the population in the regions. 

Elevated house can be more efficient to decrease the impacts of flooding but it is necessary to 

consider the flood level in recent flood history.  

Migration to urban areas is the way to get better citizen rights but all cities are not able to 

provide more people with sufficient facilities. The poor people are taking place in the slum 

besides the multistoried building of the riches. Therefore, the quotes: riches become richer; 

the poor become poorer by climate change is being well true.  It is necessary to make a 

balance to economical gaps by facilitating basic human needs through education, shelter and 

employment.  

Future research 

In the coastal zone, while working with climate change and its impacts and adaptation, it is 

also necessary to consider the type of coast (interior and exposed) along with the division 

based on Agro-ecological Zone. In exposed coast, it is also necessary to consider the three 

regional types (eastern, central and western). 

In the coastal zone, most of the adaptation measures are centered on agriculture, human 

settlement, security and others. It is necessary to take steps to adaptation for other sectors e.g. 

biodiversity / ecosystem and health, and tourism.  

It is necessary to enhance local adaptive capacity in terms of its hazards context and to give 

priorities to these which are more vulnerable and also potential for national economic 

activities. 

7.3 Limitations of the study 

The study conducted is based on the primary and secondary sources of information. The 

adaptation measures are dependent on the research group of the project under Department of 

Environmental Sciences. There are some lacks in field observations by the author that cause 

some problem for perfect understanding. It is tried to fill up the gap by consulting with the 

research team. In certain cases where information and references are not available author’s 

own judgment and understanding have been applied.  
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Appendix # 1 Survey Questions 

A. Is Climate change observed? 
To cross check the most expected scenarios. 

 

Events Is it changed? How magnitude? When 
changed ? 

?? 

temperature     
Rainfall      
Flooding     
Drought     
Flash flood 
(regional) 

    

Cyclone      
salinity     
erosion     
 

B. What are the impacts 
To check the potential impacts due to climate change 

 

Events Agriculture health livelihood ?? 
temperature     
Rainfall      
Flooding     
Drought     
Flash flood 
(regional) 

    

Cyclone      
salinity     
erosion     
 

c. Adaptation measures  

To find the gap of adaptation measures/ potential measures/  

 

Events What are doing 
by people  

What is doing by 
Govt.  

What needs 
to do? 

?? 

Flooding     
Drought     
Flash flood 
(regional) 

    

Cyclone     
salinity     
erosion     
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Appendix #2   The construction of EPI 

Source: 2008 Environmental Performance Index, Available at: http://www.epi.yale.edu  
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Appendix #3  The ESI component, indicator and variables 

The ESI 
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Source: The 2005 Environmental Sustainability Index Report; Available  at:  www.yale.edu/esi  
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