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   Preface   

 Climate change is not a new topic; it is a phenomenon that has been occurring over 
a period of years. However, the impacts of climate change have become more con-
spicuous in recent years due to compounded vulnerability—a function of several 
factors including urbanization, migration, and population pressure, among others. 
Climate change adaptation has received signifi cant attention over the past 7 or 8 
years, and the need for adaptive actions is increasingly highlighted in international, 
regional, and national forums. 

 Bangladesh has experienced severe impacts of climate change, especially in 
coastal regions. Because of their chronic vulnerability, the communities in those 
areas have developed innovative coping mechanisms for their lifestyles, habitats, 
and livelihoods. These are evident in case studies and in good practices, set forth in 
a diversity of documents. 

 For the last several years, the Comprehensive Disaster Management Program 
and other environmental and climate-related initiatives have generated a signifi cant 
knowledge pool, which often has not been linked to higher education. However, 
several universities in Bangladesh have started master’s programs on climate change 
adaptation and disaster risk reduction. There is an increasing demand for resources 
that utilize fi eld-based knowledge and for linking those to the curriculum of the 
master’s and diploma programs. With those facts in mind, this book is a modest 
attempt to compile and analyze some of the existing practices on climate change 
adaptation. 

 The contents of this book were developed through a consultation workshop with 
different universities and related organizations over the past year. The book is one 
of two volumes prepared for disaster risk reduction and climate change adaptation. 
Thus, readers are encouraged to look at the contents of the other volume, titled 
 Disaster Risk Reduction Approaches of Bangladesh . The editors acknowledge the 
support of the United Nations Development Programme (UNDP) Dhaka offi ce in 
this regard. Several eminent authors were able to fulfi ll their commitments to make 
contributions in spite of their busy schedules, and we are thankful to all of them. All 
the statements and opinions in this book are those of the authors and editors, and do 
not offi cially represent the organizations to which they belong. 
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 This book is written for students and young researchers aspiring to a career in 
environmental studies and/or disaster risk reduction. We hope that they will fi nd the 
book useful and relevant to their work. 

 Kyoto, Japan Rajib Shaw 
 Dhaka, Bangladesh Fuad Mallick 
  Aminul Islam  
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    Abstract     Climate is changing from its very inception, but the impacts are becoming 
prominent over last several decades. The trend of temperature change has become 
more rapid in recent years. Although climate change is a global phenomenon, its 
consequences will not be evenly distributed. The developing countries will be the 
fi rst and hardest hit. The impact of climate change will be across the sectors and 
across nations. Climate change was identifi ed as an urgent global problem that 
requires governments to unite their efforts to prepare for potential climate risks at 
the First World Climate Conference in 1979. This recognition led to the estab-
lishment of the Intergovernmental Panel on Climate Change (IPCC) in 1988 
to assess the magnitude and timing of changes and estimate their impacts. The 
United Nations Convention for Climate Change (UNFCCC) entered into force on 
21 March 1994. It enjoys near universal membership with 194 Parties (member 
countries) having ratifi ed. Climate change adaptation is understood as consisting of 
initiatives and measures to reduce the vulnerability of natural and human systems 
against actual or expected climate change effects. The term “adaptation” has been 
used in the climate change community since early 1990s, but no single defi nition 
has been generally adopted among conservation professionals. Climate Change 
Adaptation (CCA) and Disaster Risk Reduction (DRR) are broadly understood to 
be linked in some ways; however, have not yet been taken as a holistically linked 
complementary set of actions that require collaborative and coordinated action by 
all concerned stakeholders.  

    Chapter 1   
 Climate Change: Global Perspectives 

             Rajib     Shaw     ,     Fuad     Mallick    , and     Aminul     Islam   

        R.   Shaw      (*) 
  Graduate School of Global Environmental Studies, Kyoto University ,   Kyoto ,  Japan   
 e-mail: shaw.rajib.5u@kyoto-u.ac.jp   

    F.   Mallick    
  BRAC University ,   Dhaka ,  Bangladesh     

    A.   Islam    
  United Nations Development Programme ,   Dhaka ,  Bangladesh    
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1.1         Introduction 

 The Earth’s climate history has experienced a number of changes due to its natural 
evolution as well as abrupt causes. The temperature, the rainfall and the sea level 
rise are the indicators for the climate change. The global average air temperature in 
the twentieth century has increased by 0.6 °C and the 1990s was the hottest decade 
in the last millennium (   IPCC  2001 ). The temperature in the twentieth century in all 
continents and oceans had an obvious increasing trend. The standard deviation of 
the global average temperature was 0.24 °C, the largest difference between two 
continuous years was 0.29 °C (between 1976 and 1977), and the rate of trend of 
temperature increase was 0.75 °C, faster than that in any other century in history 
from the eleventh century to the present. It is noticeable that in the last fi ve decades, 
from 1956 to 2005, the temperature has increased by 0.64 ± 0.13 °C, twice faster 
than it did in the twentieth century (IPCC  2001 ). 

 It is clear that the trend of temperature change has become more rapid in recent 
years. There are 11 years in the period from 1995 to 2006 that are classifi ed in the 
list of 12 years with the highest annual mean global surface air temperature in the 
history of temperature observation since 1850, of which 1998 and 2005 are the hot-
test. Five years, from 2001 to 2005, alone have a surface air temperature 0.44 °C 
higher than the average baseline for the period 1961–1990. During the period 1901–
2005, the trend of change in rainfall greatly varied among regions and sub-regions 
in the same region, as well as during different periods of time in each sub-region. In 
North America, rainfall has increased in many areas, especially in Northern Canada, 
while decreasing in the Southwest of the U.S. In South America, precipitation has 
increased in the Amazon basin and on the Southeastern coast, while it has decreased 
in Chile and on the Western coast. In Africa, precipitation decreased in South Africa, 
especially in Sahel, during the period 1960–1980 (   IPCC  2007 ). 

 In the tropical zone, precipitation decreased in South Asia and West Africa with 
the trend value of 7.5 % during the period 1901–2005. Australia is the area with the 
most obvious local features in the trend of precipitation change due to the strong 
impacts from ENSO. In zones of middle and high latitudes, rainfall has sharply 
increased in the Central North America, Northeastern America, Northern Europe, 
Northern Asia and Central Asia. Worldwide, precipitation increased in zones north 
of the 30° North latitude during the period 1901–2005, while it has decreased in the 
tropical latitudes since the 1990s. The frequency of heavy rains has increased in 
many areas, including places where rainfall tends to decrease. The change in rainfall 
pattern and increasing of temperature caused climate change and it related hazards. 
Sea level rise is one of those hazards consequences. It is recorded that the average 
global sea level increased 1.8 mm per year since 1961 and increased of 3.1 mm per 
year since 1993. 

R. Shaw et al.
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 This chapter provides an overview of the global perspective of climate change 
issues, with specifi c focus adaptation. The chapter fi rst provides an overview of 
evolution, followed by impacts of climate change on different sectors. The next few 
sections provides outline of adaptation and adaptive capacities. Finally, the chapter 
talks about the link to disaster risk reduction.  

1.2     Evolution of Climate Change Issues 

 Climate change was identifi ed as an urgent global problem that requires governments 
to unite their efforts to prepare for potential climate risks at the First World Climate 
Conference in 1979. This recognition led to the establishment of the Intergovernmental 
Panel on Climate Change (IPCC) in 1988 to assess the magnitude and timing of 
changes and estimate their impacts. The IPCC published its First Assessment Report 
in 1990, which became a basis for negotiations on a climate change convention 
under the United Nations General Assembly. Between February 1991 and May 
1992, the Intergovernmental Negotiating Committee for a Framework Convention 
on Climate Change met fi ve times under the auspices of the General Assembly, and 
the Convention text was adopted on 9 May 1992. The Convention was then open for 
signature at the United Nations Conference on Environment and Development, held 
in the same year in Rio de Janeiro, Brazil, where 154 states signed. The Convention 
entered into force on 21 March 1994. It enjoys near universal membership with 194 
Parties (member countries) having ratifi ed (UNFCCC  2006 ). 

 The Conference of the Parties (COP) to the Convention, the Convention’s 
ultimate authority, held its fi rst session (COP 1) in Berlin, Germany (1995) and 
launched the “Berlin Mandate” to enable discussion of additional commitments for 
industrialized countries. Taking into consideration the fi ndings of the IPCC’s 
Second Assessment Report, the Kyoto Protocol to the United Nations Framework 
Convention on Climate Change (known as the Kyoto Protocol) was adopted at COP 
3 (1997) in Kyoto, Japan. The Kyoto Protocol, which entered into force on 16 
February 2005, sets individual, legally binding commitment for GHG emissions 
reduction by Annex I Parties by an average of 5.2 % below 1990 levels, to be 
achieved between 2008 and 2012. It also established the Adaptation Fund to fi nance 
adaptation projects and programs in developing countries that are Parties to the 
Kyoto Protocol. The primary source of the fund is a share of proceeds from Clean 
Development Mechanism projected activities (UNFCCC  2007 ).  

1.3     Climate Change Impacts on Different Sectors 

 The warming of the planet will be gradual, but the effects of extreme weather events 
will be abrupt and more acutely felt. Although climate change is a global phenom-
enon, its consequences will not be evenly distributed. The developing countries will 

1 Climate Change: Global Perspectives
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be the fi rst and hardest hit. The impact of climate change will be across the sectors 
and across nations. Some of the key impacts of climate change are summarized 
below. Climate change is already beginning to transform life on earth. Around the 
globe, seasons are shifting, temperatures are climbing and sea levels are rising. 
Climate change will permanently alter the lands and waters we all depend upon for 
survival. Following brief some of the main impacts of future climate change on 
systems and sectors (Nguyen  2010 ): 

  Ecosystems : For increases in global average temperature exceeding 1.5–2.5 °C and 
in concomitant atmospheric CO 2  concentrations, major changes are projected in 
ecosystem structure and function, species’ ecological interactions and shifts in spe-
cies’ geographical ranges, with predominantly negative consequences for biodiver-
sity and ecosystem goods and services. Acidifi cation of ocean will have negative 
impacts on the structure of snails and arcos, etc. 

  Food Security : Globally, the potential for food production is projected to increase 
with increases in local average temperature over a range of 1–3 °C, but above this it 
is projected to decrease. At lower latitudes, especially in seasonally dry and tropical 
regions, crop productivity is projected to decrease for even small local temperature 
increases (1–2 °C). 

  Coastal Areas : Coasts are projected to be exposed to increasing risks, including 
coastal erosion, due to climate change and sea level rise. The effect will be exacer-
bated by increasing human-induced pressures on coastal areas. Annually, many mil-
lions more people than at present are projected to experience fl oods every year due 
to sea level rise. The numbers affected will be largest in the densely populated and 
low-lying mega deltas of Asia and Africa with small islands being especially 
vulnerable. 

  Industry, Settlements and Society : The most vulnerable industries, settlements 
and societies are generally those in coastal and river fl ood plains, those whose econ-
omies are closely linked with climate-sensitive resources and those in areas prone to 
extreme weather events. Poor communities can be especially vulnerable, in particu-
lar those concentrated in high-risk areas. 

  Human Health : The health status of millions of people is projected to be affected 
through, for example, increases in malnutrition; increased deaths, diseases and 
injury due to extreme weather events; increased burden of diarrheal diseases; 
increased frequency of cardio-respiratory diseases due to higher concentrations of 
ground level ozone in urban areas related to climate change; and the altered spatial 
distribution of some infectious diseases. Climate change is projected to bring some 
benefi ts in temperate areas, such as fewer deaths from cold exposure. Overall, how-
ever, it is expected that the benefi ts will be outweighed by the negative health effects 
of rising temperatures. 

  Water Resources : Water resources are a key for all sectors and regions for each 
region and each watershed. Climate change is expected to exacerbate current 
stresses on water resources from population growth and economic and land-use 

R. Shaw et al.
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change, including urbanization. On a regional scale, mountain snow pack, glaciers 
and small ice caps play a crucial role in freshwater availability. Widespread mass 
losses from glaciers and reductions in snow cover over recent decades are projected 
to accelerate. Changes in precipitation and temperature lead to changes in runoff 
and water availability. Runoff is projected with high confi dence to increase by 
10–40 % by the middle of the century at higher latitudes and in some wet tropical 
areas, including populous areas in East and South-East Asia, and decrease by 
10–30 % over some arid regions at mid-latitudes and arid and semi-arid tropics, due 
to decreases in rainfall and higher rates of evaporate transpiration. 

 Drought-affected areas are projected to increase in extent, with the potential for 
adverse impacts on multiple sectors, such as agriculture, water supply, energy 
production and health. It is likely that up to 20 % of the world population will live 
in areas where river fl ood potential could increase by the 2080s. Increases in the 
frequency and severity of fl oods and droughts are projected to adversely affect 
sustainable development. Increased temperatures will further affect the physical, 
chemical and biological properties of freshwater lakes and rivers, with predomi-
nantly adverse impacts on many individual freshwater species, community compo-
sition and water quality. In coastal areas, sea level rise will exacerbate water resource 
constraints due to increased salinization of groundwater supplies.  

1.4     Adaptation to Climate Change 

 Climate change adaptation is understood as consisting of initiatives and measures to 
reduce the vulnerability of natural and human systems against actual or expected 
climate change effects. The term “adaptation” has been used in the climate change 
community since early 1990s, but no single defi nition has been generally adopted 
among conservation professionals. Most defi nitions offered in the literature in some 
way refl ect that climate change adaptation involves “initiatives and measures 
designed to reduce the vulnerability of natural and human systems against actual or 
expected climate change effects.” However, the term adaptation is not yet well- 
understood by the general public in the context of climate change. In part the term 
has engendered confusion because the same word refers to the process by which 
organisms naturally adapt over time to survive in a new environment, even though 
the rapid rate of climate change is expected to outpace the capacity of many organ-
isms to adapt in this classical sense (Denevan  1983 ). 

 In an issue of Nature in 2007, a team of science policy experts argue that adapting 
to climate change would be a more effective means of dealing with global warming 
than reducing emissions of greenhouse gases. It is mentioned that temperatures 
are rising on Earth, which is heating up the debate over global warming and the 
future of our planet, but what may be needed most to combat global warming is a 
greater focus on adapting to our changing plane. While many consider it taboo, 
adaptation to global climate change needs to be recognized as just as important as 
mitigation, or cutting back, of greenhouse gases humans pump into Earth’s atmosphere. 
The science policy experts, writing in the issue of Nature, say adapting to the 

1 Climate Change: Global Perspectives
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changing climate by building resilient societies and fostering sustainable development 
would go further in securing a future for humans on a warming planet than just cut-
ting gas emissions. 

 Adaptation is adjustment in ecological, social, or economic systems in response 
to actual climatic stimuli and their effects or impacts (Arizona State University 
 2007 ). This term refers to changes in processes, practices, or structures to moderate 
or offset potential damages or to take advantage of opportunities associated with 
changes in climate. It involves adjustments to reduce the vulnerability of communi-
ties, regions, or activities to climatic change and variability. Adaptation is important 
in the climate change issue in two ways—one relating to the assessment of impacts 
and vulnerabilities, the other to the development and evaluation of response options. 
Comprehending expected adaptations is essential to impact and vulnerability assess-
ment and hence is fundamental to estimating the costs or risks of climate change 
(Fankhauser  1996 ;  Smit et al.  1999 ; Pittock and Jones  2000 ). An article of the 
United Nations Framework Convention on Climate Change (UNFCCC) refers to 
“dangerous” human infl uences on climate in terms of whether they would “allow 
ecosystems to adapt, ensure food production is not threatened, and enable economic 
development to proceed in a sustainable manner.” The extent to which ecosystems, 
food supplies, and sustainable development are vulnerable or “in danger” depends 
on their exposure to climate change effects and on the capacity to adapt. Therefore, 
to assess the dangerousness of climate change, impact and vulnerability assessments 
must address the likelihood of autonomous adaptations. 

 Adaptation is also considered as an important response option or strategy, along 
with mitigation (Fankhauser  1996 ; Smith  1996 ; Pielke  1998 ; Kane and Shogren 
 2000 ). Even with reductions in greenhouse gas (GHG) emissions, global tempera-
tures are expected to increase, other changes in climate—including extremes—are 
likely, and sea level will continue to rise (   Rayner and Malone  1998 ). Hence, devel-
opment of planned adaptation strategies to deal with these risks is regarded as a 
necessary complement to mitigation actions (   Burton et al.  1993 ; Smith et al.  1996 ; 
Smit et al.  1999 ). 

 The COP at its 13th session in Bali, Indonesia (2007) launched a comprehensive 
process to enable the full, effective and sustained implementation of the Convention 
through long-term cooperative action, now, up to and beyond 2012, as contained in 
Decision 1/CP13 (widely known as the Bali Action Plan) (Kato  2010 ). Unlike the 
Kyoto Protocol which heavily focuses on mitigation of GHG emissions, the Bali 
Action Plan gives equal weight to action on mitigation and adaptation, which are to 
be supported by fi nance and technology development and transfer, and achieved 
under an overarching shared vision for a long term cooperative action under the 
Convention. The COP established the Ad Hoc Working Group on Long-term 
Cooperative Action under the Convention (AWG-LCA), a negotiating body, to con-
sider matters related to the Bali Action Plan. It initially was to complete its work 
and present an agreed outcome for adoption at COP 15 (2009) in Copenhagen, 
Denmark. As negotiations on the Bali Action Plan did not conclude at the COP 15, 
Parties decided to extend its mandate to present the outcome of its work at COP 16 
(2010) in Cancun, Mexico (UNFCCC  2009 ). 

R. Shaw et al.
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 The focus for the early phase of the intergovernmental negotiations under the 
Convention was largely on issues relating to the mitigation of GHGs. It was not 
until COP 7 (2001) that the consideration of adaptation to climate change made 
signifi cant progress with the adoption of decision 5/CP.7 which sets guidance for 
the implementation of Article 4, paragraphs 8 and 9 of the Convention. Decision 
5/CP.7 became the cornerstone for much of the subsequent adaptation-related work 
under the Convention. It also outlines a number of activities to be supported by 
funding mechanisms under the Convention and the Kyoto Protocol, including those 
related to DRR such as supporting capacity building for preventive measures, 
planning, preparedness and management of disasters relating to climate change, 
including contingency planning in particular for droughts and fl oods in areas prone 
to extreme weather events; and strengthening existing and, where needed, establish-
ing national and regional centers and information networks for rapid response to 
extreme weather events. Decision 5/CP.7 further mandated the consideration of the 
implementation of insurance-related actions. Of particular importance to the LDCs, 
decision 5/CP.7 mandated action to enhance capacity of LDCs in dealing with cli-
mate change, including the preparation and implementation of national adaptation 
programs of action (NAPAs) (UNFCCC  2001 ). 

 Adaptation to climate change became the central issues at COP 10 (2004) in 
Buenos Aires, Argentina where Parties, taking into account the outcomes of the 
activities under decision 5/CP.7, adopted decision 1/CP.10: the Buenos Aires 
program of work on adaptation and response measures. Under decision 1/CP.10, 
Parties also agreed to develop a structured fi ve-year program of work on the scien-
tifi c, technical and socio-economic aspects of impacts, vulnerability and adaptation 
to climate change, to address the issues of methodologies, data and modeling; 
vulnerability assessments; adaptation planning, measures and actions; and the inte-
gration into sustainable development (UNFCCC  2004 ). The initial sets of activities 
were agreed at COP 12 (2006) in Nairobi, Kenya where it was renamed the “Nairobi 
work program on impacts, vulnerability and adaptation to climate change”. 

 Lastly, a comprehensive adaptation framework/programme that is being consid-
ered under the Bali Action Plan to be part of a future climate regime is envisaged to 
include provisions to integrate adaptation into national and sectoral planning 
processes, to develop knowledge, information and capacity for implementing 
concrete adaptation actions, to enhance adaptation technologies, to mobilize the 
cooperation of relevant organizations, and to monitor and evaluate the support for 
adaptation action (Kato  2010 ).  

1.5     Adaptive Capacity 

 Adaptive capacity is the potential or ability of a system, region, or community to 
adapt to the effects or impacts of climate change. Enhancement of adaptive capacity 
represents a practical means of coping with changes and uncertainties in climate, 
including variability and extremes. In this way, enhancement of adaptive capacity 
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reduces vulnerabilities and promotes sustainable development (Smit et al.  1999 ). 
Considerable attention has been devoted to the characteristics of communities, 
countries, and regions that infl uence their propensity or ability to adapt and hence 
their vulnerability to risks associated with climate change. These determinants of 
adaptive capacity relate to the economic, social, institutional, and technological 
conditions that facilitate or constrain the development and deployment of adaptive 
measures (Kelly and Adger  2000 ). 

1.5.1     Adaptation Characteristics and Processes 

 Adaptation refers both to the process of adapting and to the condition of being 
adapted. The term has specifi c interpretations in particular disciplines. In ecology, 
for example, adaptation refers to changes by which an organism or species becomes 
fi tted to its environment (Lawrence  1995 ); whereas in the social sciences, adaptation 
refers to adjustments by individuals and the collective behavior of socioeconomic 
systems. This chapter follows IPCC ( 2007 ), and Smit et al. ( 1999 ) in a broad interpre-
tation of adaptation to include adjustment in natural or human systems in response 
to experienced or future climatic conditions or their effects or impacts—which may 
be benefi cial or adverse.  

1.5.2     Components and Forms of Adaptation 

 As both a process and a condition, adaptation is a relative term: It involves an altera-
tion in something (the system of interest, activity, sector, community, or region) to 
something (the climate related stress or stimulus). Description of an adaptation 
requires specifi cation of whom or what adapts, the stimulus for which the adaptation 
is undertaken, and the process and form it takes (Downing et al.  1997 ).  

1.5.3     Climate Stimuli for Adaptation 

 Most impact and adaptation studies to date have been based on climate change 
scenarios that provide a limited set of possible future climates—invariably specifi ed 
as average annual conditions, such as temperature and moisture. Yet the climate 
change-related stimuli for which adaptations are undertaken (i.e., adaptation to 
what?) are not limited to changes in average annual conditions; they include 
variability and associated extremes. Climatic conditions are inherently variable, 
from year to year and decade to decade. Variability goes along with, and is an 
integral part of, climate change (Arizona State University  2007 ): a change in mean 
conditions actually is experienced through changes in the nature and frequency of 
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particular yearly conditions, including extremes. Thus, adaptation to climate change 
necessarily includes adaptation to variability (Smit et al.  1999 ). Downing et al. 
( 1997 ) and others use the term “climate hazards” to capture those climate stimuli, in 
addition to changes in annual averages, to which the system of interest is vulnera-
ble. Climate change stimuli are described in terms of “changes in mean climate and 
climatic hazards,” and adaptation may be warranted when either of these changes 
has signifi cant consequences (Downing et al.  1997 ). In water resource management, 
changes in the recurrence interval of extreme conditions, which are associated with 
changes in means, are the key stimuli (Pittock and Jones  2000 ). Natural and human 
systems have adapted to spatial differences in climate. There also are examples of 
adaptation (with varying degrees of success) to temporal variations notably, devia-
tions from the annual average conditions on which climate change scenarios focus. 
Many social and economic systems including agriculture, forestry, settlements, 
industry, transportation, human health, and water resource management have 
evolved to accommodate some deviations from “normal” conditions, but rarely the 
extremes (   Leary  1999 ).   

1.6     Adaptation Types and Forms 

 Adaptations have been distinguished according to individuals’ choice options as 
well, including “bear losses,” “share losses,” “modify threats,” “prevent effects,” 
“change use,” and “change location” (Burton et al.  1993 ; Rayner and Malone  1998 ). 
The choice typology has been extended to include the role of community structures, 
institutional arrangements, and public policies (Downing et al.  1997 ). 

 The IPPC report has also clarifi ed two kind of    adaptation:

   Planned adaptation often is interpreted as the result of a deliberate policy decision 
on the part of a public agency, based on an awareness that conditions are about 
to change or have changed and that action is required to minimize losses or 
benefi t from opportunities (Pittock and Jones  2000 ). 

Autonomous adaptations are widely interpreted as initiatives by private actors 
rather than by governments, usually triggered by market or welfare changes 
induced by actual or anticipated climate change (Leary  1999 ). Smith et al. ( 1996 ) 
describe autonomous adaptations as those that occur “naturally,” without inter-
ventions by public agencies, whereas planned adaptations are called “interven-
tion strategies.” Thus defi ned, autonomous and planned adaptations largely 
correspond with private and public adaptation, respectively.  

  The extent to which society can rely on or market adaptation to reduce the costs 
of climate change impacts to an acceptable or no dangerous level is an issue of great 
interest. Autonomous adaptation forms a baseline against which the need for 
planned anticipatory adaptation can be evaluated. Poor and landless households 
have limited resources, yet failure to adapt can lead to signifi cant deprivation, 

1 Climate Change: Global Perspectives



12

displacement, morbidity, and mortality. Subsistence farmers do not have the same 
adaptation options as commercial producers. Water supply adaptations may involve 
landowners, private traders, local authorities, water-dependent businesses, national 
governments, and international organizations. Each stakeholder has distinct inter-
ests, information, risks, and resources and hence would consider distinct types of 
adaptive responses (Downing et al.  1997 ).     

1.7     Link to Disaster Risk Reduction 

 Climate Change Adaptation (CCA) and Disaster Risk Reduction (DRR), though 
broadly understood to be linked in some ways, have not yet been taken as a holisti-
cally linked complementary set of actions that require collaborative and coordinated 
action by all concerned stakeholders (Shaw et al.  2010 ). The signifi cance of CCA–
DRR synergy cannot be felt more by vulnerable communities who do not feel the 
impact of climate change or natural disaster sectorally, but it hits them as a 
combined whole with devastating effects. It needs to be appreciated that a piece-
meal, sectorally split approach to this complex set of problems will not bear fruit. 
Recent work by researchers and policy makers has thrown light on the intricate 
linkages between cross sectoral development activities, their impact on the environ-
ment, subsequent detrimental impacts of a deteriorating environment on human life, 
and the integrated approach needed to address this combined threat of climate 
change and disasters (AUEDM  2010 ). Such an understanding can be very meaning-
fully deployed at various levels: from governance to voluntary action to education, 
and can go a long way in developing community based and environment based 
resilience to climate change as well as disasters. 

 Three common issues of CCA and DRR development are: increasing focus on 
local governments, emphasis on multi-disciplinary approaches, and emphasize 
theory to practice. The key challenge is how to incorporate the CCA and DRR in the 
local practices. A comparative analysis of rainfall data analysis and people’s 
perception shows the gap in understanding (Takahashi  2008 ). While in the area 
called Kurigram, almost 80 % of the farmers think that rainfall is decreasing, while 
the fact is that the average annual rainfall is increasing. The reason of this gap can 
be explained with the local variations. To a farmer, the rainfall is the one which 
is required for the agriculture purposes. Monthly variation shows that there has been 
strong change in the monthly rainfall and the effect is that agriculture is affected. 
To cope with this type of changes, local adjustment in farming practices are essen-
tial. The similar approach is required for reducing the impacts of disasters at the 
local level. 

 CCA and DRR have its own positive side, issues and challenges (Shaw et al. 
 2010 ). CCA and DRR do not overlap exactly. However, there are signifi cant scopes 
to bring these two sectors together. One of the key differences is that, the DRR 
approaches are mainly based on past experiences, while CCA is more on the future 
projections. For example, when a river dyke is made as a risk reduction measure, the 
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deciding factors for the height of the dykes are: past fl ood levels or rainfall data, and 
importance of the area (commercial, residential, industrial or agriculture). This has 
been a traditional approach of DRR. However, the current DRR approach incorpo-
rates future possible rainfall in the area (with different levels of uncertainty), in 
addition to the above factors. This is an example where CCA and DRR overlaps and 
comes together. Adaptation can be planned (with information on future uncertainty) 
or autonomous (without focusing on long term future, and planning). Understanding 
adaptation depends on two key parameters: clarity or uncertainty of existing 
climate predictions and the vulnerability of a community or household to a given 
climate related hazard. After examining uncertainty and vulnerability in more detail, 
the elements of adaptation are considered, with particular emphasis given to the role 
played by social networks in enabling knowledge sharing, access to resources and 
infl uence over policy. The principal adaptation activities are identifi ed as vulnerability 
reduction, building adaptive capacity and strengthening resilience (Ensor and 
Berger  2009 ).     
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    Abstract     Bangladesh is affected strongly by climate change. Increasing surface air 
temperature is most prominent in Bangladesh, where an increasing trend and 
temporal variation in the mean seasonal temperature is observed within the range of 
0.4–0.65 °C during the past 40-year period. Although the winter season experiences 
the minimum rainfall, historical trend is showing a positive inclination in 27 out of 
32 rainfall observatories of the meteorological department. The riverine fl ood 
(or monsoon fl ood) is affected by the following climate change related phenome-
non, especially due to change in the frequency and intensity in extreme rainfall 
event may subsequently increase the intensity of fl ood. Riverbank erosion is one of 
the major natural disasters of Bangladesh, which is also related to the monsoon 
fl ooding. Floods, especially the high intensity fl oods, often devastate physical 
infrastructure such as road networks, educational centres, market places, adminis-
trative buildings etc. Changes in climate may affect irrigation requirements for all 
the three cropping seasons: Rabi, Kharif-I, and Kharif-II. At present, western parts 
of Bangladesh are periodically being affected by droughts in winter months. Since 
the temperature will rise, and there exists a strong possibility that the winter precipi-
tation will decrease further, it is likely that the moisture content of topsoil would 
decrease substantially leading to severe moisture stress.  
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2.1         Introduction 

    In recent years, climate change has become a major concern both in the world of 
development practitioners and in the world of politics. It arises from past and present 
emissions of greenhouse gases increasing pre-existing concentrations of these gases 
in the atmosphere. The problem is geopolitical in nature, nor is there any spatial uni-
formity in the likely impacts of climate change, neither responsibility for climate 
change nor its likely impacts are equally distributed among countries (Barnett  2007 ). 
Now this is a global concern on which key political masters’ or political personalities 
are meeting at global, regional or bilateral level on some thematic agenda seeking for 
solutions. The political process is complex, as emission from each country evenly 
dispersed through the atmosphere and doesn’t follow any geo-political boundary. The 
consequences of these emissions will impact on all countries to some degree, irrespec-
tive of their contribution in emission and often the poor and developing countries 
(whose emission contribution is relatively very small) become the worst victim to this 
change. Bangladesh is no exception to this. The impacts of climate change are felt on 
different aspects in Bangladesh, starting from temperature, precipitation change, sea 
level change, and changes in cyclone or tornado intensity, time and path. 

 In Bangladesh there are four prominent seasons, namely, winter (December to 
February), Pre-monsoon (March to May), Monsoon (June to early-October), Post-
monsoon (late-October to November). In the following sections, observed trend in 
the climate variability in terms of change in the temperature and rainfall is expressed 
in seasonal or four equal three-monthly slabs starting from December covering a 
complete 12 months to November (DJF, MAM, JJA and SON). 

 This chapter starts with the observed changes in temperature and rainfall. The 
next part talks about the projections, and reviews past literatures and models. The 
third part talks about the risks and vulnerability with specifi c emphasis on hydro-
logical events like fl ooding, river bank erosion, freshwater demand, future water 
stress, groundwater recharge, agriculture and transport network.  

2.2    Observed climate change in Bangladesh 

2.2.1    Temperature 

 Increasing surface air temperature is most prominent in Bangladesh, where an 
increasing trend and temporal variation in the mean seasonal temperature is 
observed within the range of 0.4–0.65 °C during the past 40-year period (1967–
2007). Over the past few decades, a warmer winter is being experienced by the 
country with a prominent increase in the minimum temperature. Similar to this, 
more hot summer is also experienced during the pre-monsoon and monsoon sea-
sonal months when a prominent rise in the maximum and minimum temperature is 
observed over the last few decades. A rise in the minimum temperature by 0.45 °C 
and 0.52 °C is observed during the winter (DJF) and monsoon (JJA) season 
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respectively. Maximum temperature is also observed to be increased during the pre-
monsoon (MAM) and post- monsoon (JJA) month by 0.87 °C and 0.42 °C respec-
tively. Rise in the minimum temperature during the winter season (DJF) is observed 
in 25 out of 34 climate observatories of the Bangladesh Meteorological Department 
(BMD), where it is prominent in Dhaka (0.05 °C/year), Chuadanga (0.05 °C/year), 
Madaripur (0.06 °C/year) and Syedpur (0.08 °C/year) stations. Rise in the maximum 
temperature during the hot summer months of JJA is observed in almost all the sta-
tions (except Rangpur), where it is prominently observed in the range of 0.03–

0.05 °C/year in Saydpur, Sitakunda, Sylhet and in Tangail station (Fig.  2.1 ).   

2.2.2     Rainfall 

 In Bangladesh, monsoon is both hot and humid, brings heavy torrential rainfall 
throughout the season. About four-fi fths of the mean annual rainfall occurs during 
monsoon. Warm conditions generally prevail throughout the season, although 
cooler days are also observed during and following heavy downpours. Post-
monsoon is a short-living season characterized by withdrawal of rainfall and grad-
ual lowering of night time minimum temperature. Mean annual rainfall is about 
2,347 mm, which varies within the range of 1,640–2,831 mm. Increase in the sea-
sonal rainfall is expected to be caused by the climate variability mainly for increase 
in the seasonal temperature. Observed seasonal trend in rainfall statistics from the 
BMD stations over the last few decades is elaborated below. In Bangladesh, in all 
the seasons there is observed an overall increase in the mean seasonal rainfall, 

  Fig. 2.1    Observed trend in minimum and maximum temperature in selected stations. Source: 
Author’s calculation       
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where it is found maximum during the pre-monsoon (MAM) and monsoon (JJA) 
season by around 100 mm increase in the mean seasonal rainfall. Although the winter 
season (DJF) experiences the minimum rainfall, historical trend is showing a positive 
inclination in 27 out of 32 rainfall observatories of the BMD. This trend is prominent 
in the coastal regional stations of Sitakunda, Patuakhali, Kutubdia and in Khulna in 
the range of 1.2–2.1 mm/year increase in the mean seasonal rainfall. Increase in the 
Pre-monsoon (MAM) seasonal rainfall is also evident in 30 out of 32 stations of 
BMD, where it is also prominent in the coastal regional stations of Kutubdia, Mongla, 
Rangamati and Sandwip stations in the range of 8–13 mm/year increase in the mean 
seasonal rainfall. Increase in the Monsoon (JJA) rainfall is observed in 18 out of 32 
meteorological stations, which is also prominent in the coastal district observatories 
like in Kutubdia, Mongla, Sitakunda and in Teknaf stations in the range of 21–42 mm/
year increase in the mean seasonal rainfall. Post-monsoon (SON) rainfall is also 
observed to be increase in 24 out of 32 meteorological stations, which is prominent in 
the coastal observatories of Khepupara, Kutubdia, Mongla and in Teknaf stations in 
the range of 12–24 mm/year (Figs.  2.2 – 2.5 ).

      In the recent years, the total number of non-rainy days in a year is also decreas-
ing. A total of 22 out of 32 rainfall stations of BMD are showing a decreasing trend 
in the total number of non-rainy days in a year. As we have evident before that in the 
coastal region both the temperature and rainfall is showing an overall increasing 
trend, in the recent years this region is also experiencing occurrences of more fre-
quent rainfall in a year. This can be evident from the rainfall observations in the 
Sitakunda, Khepupara, Mongla and in the Hatiya stations (Fig.  2.6 ).

   Ten-day zero rainfall is an index of meteorological drought. As evident from 
above that most of the regions are experiencing more rainfall in the recent years, the 

  Fig. 2.2    Observed trend in seasonal mean rainfall for winter seasonal month (DJF). Source: 
Author’s calculation       
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overall occurrences of meteorological drought is also observed to be decreasing in 
the recent years. A decreasing trend is observed in a total of 26 out of 32 rainfall sta-
tions of BMD. It is also interesting to observe that the stations which are showing a 
decreasing trend four coastal zone stations can be ranked in the top. The stations are 

  Fig. 2.3    Observed trend in seasonal mean rainfall for pre-monsoon seasonal month (MAM). 
Source: Author’s calculation       

  Fig. 2.4    Observed trend in seasonal mean rainfall for monsoon seasonal month (JJA). Source: 
Author’s calculation       
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  Fig. 2.6    Historical trend in the annual count of zero rainfall days in selected coastal zone rainfall 
stations of BMD. Source: Author’s calculation       

  Fig. 2.5    Observed trend in seasonal mean rainfall for post-monsoon seasonal month (SON). 
Source: Author’s calculation       

Khepupara, followed by Bhola, Rangamati and Sitakunda; respective historical 
trend in terms of total count of 10-day zero rainfall days per year is shown in Fig.  2.7 .

   In the recent years, the intensity of daily rainfall is also increasing. It is evident 
from 25 out of 32 rainfall stations of BMD. Out of these stations, coastal rainfall 
station in Kutubdia ranked highest in terms of the count of number of rainy days/
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year that exceeds the threshold of 95 % non-exceedence probability rainfall value. 
It is followed by other coastal districts like Mongla, Feni, Khepupara, Teknaf, 
Sitakunda and Rangamati where the increasing trend is also observed. It is quite 
alarming to observe one evidence in the Kutubdia, where during the 80s, average 
annual incidence of exceedence is found as 13 days/year which just increases to 

double during the next decade (90s).  

2.2.3     Climate Change Projections 

2.2.3.1     Uncertainties 

 The Intergovernmental Panel on Climate Change (IPCC) 2007 report highlights 
uncertainty quantifi cation as one of the most pressing research issues in determining 
our overall ability to propose how human activities can be modifi ed to mitigate our 
effects on natural climate and how we can adapt to unavoidable changes (Nychka 
et al.  2009 ). Leytham ( 2010 ) suggested that it should be recognized that all aspects 
of climate change impact projections are subject to considerable uncertainty. The 
scientifi c research community has concluded with a high degree of confi dence that 
globally averaged air temperatures will increase in the future, however the magni-
tude of change is quite uncertain and depends on a large number of factors such as 
future economy activity, technological change, and population growth, which in 
turn affect the emission of greenhouse gases, and, ultimately, change in air tempera-
ture. While increases in air temperature are projected with confi dence, there is much 
lower confi dence in projections of change to other meteorological parameters such 

  Fig. 2.7    Trend in 10-day zero rainfall in selected stations. Source: Author’s calculation       
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as precipitation and wind speed. Downscaling coarse resolution GCM model data 
using statistical of dynamic downscaling techniques by different RCM models are 
still inadequate or results are not consistent to represent regional or local conditions. 
Letham (2009) found out that the process involves a long chain of assumptions and 
simplifi cations, and a corresponding propagation of, and increase in, uncertainty. 
Other than this, large scale uncertainty involved with the natural and human activity 
may not represent the true dimension and extent of climate change impact.  

2.2.3.2     Past Reviews 

    Special Report on Emission SCENARIOS (IPCC  2000 ) 

 The Special Report on Emissions Scenarios (SRES) was a report prepared by the 
Intergovernmental Panel on Climate Change (IPCC) for the Third Assessment 
Report (TAR) in 2001, on future emission scenarios to be used for driving global 
circulation models to develop climate change scenarios. The SRES Scenarios 
were also used for the Fourth Assessment Report (AR4) in 2007, and have been 
subject to discussion about whether emissions growth since 2000 makes these 
scenarios obsolete. Scenario families contain individual scenarios with common 
themes. The four families of scenarios discussed in the IPCC’s Third Assessment 
Report (TAR) and Fourth Assessment Report (AR4) are A1, A2, B1, and B2. 
Scenario descriptions are based on those in AR4, which are identical to those in 
TAR (   IPCC  2001a ,  b ). 

 In simple terms, the four storylines combine two sets of divergent tendencies: 
one set varying between strong economic values and strong environmental values, 
the other set between increasing globalization and increasing regionalization. 
Incorporating the effect of climate change for the Padma bridge will mainly follow 
the A1 storyline and scenario family which assumes a future world of very rapid 
economic growth, global population that peaks in mid-century and declines thereaf-
ter, and rapid introduction of new and more effi cient technologies. 

 There are subsets to the A1 family based on their technological emphasis:

•    A1FI—an emphasis on fossil-fuels  
•   A1B—a balanced emphasis on all energy sources  
•   A1T—emphasis on non-fossil energy sources     

    Third IPCC, Summary for Policymakers, “A Report of Working Group 1 
of the Intergovernmental Panel on Climate Change” (IPCC  2001a ,  b ) 

 The Third Assessment of Working Group I of the Intergovernmental Panel on 
Climate Change (IPCC) builds upon past assessments and incorporate new results 
from the past 5 years (1996–2000) of research on climate change. The summary 
report describes the state of understanding of the climate system and provides 
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estimates of its projected future evolution and their uncertainties. In order to make 
projections of future climate, models incorporate past, as well as future emissions 
of greenhouse gases and aerosols. Projections of global average sea level rise from 
1990 to 2100, using a range of AOGCMs (atmosphere–ocean General Circulation 
Model) following the IS92a (Illustrative Scenarios 1992) scenario (including the 
direct effect of sulphate aerosol emissions), lie in the range 0.11–0.77 m (see 
Fig.  2.10 ).

•    A thermal expansion of 0.11–0.43 m, accelerating through the twenty-fi rst 
century;  

•   A glacier contribution of 0.01–0.23 m;  
•   A Greenland contribution of −0.02–0.09 m and  
•   An Antarctic contribution of −0.17 to +0.02 m.     

    Development and Climate Change in Bangladesh: Focus on Coastal Flooding 
and the Sundarbans (Agrawala et al.  2003 ) 

 OECD (Organization for Economic Co-operation and Development) Development 
and Climate Change project, an activity being jointly overseen by the Working 
Party on Global and Structural Policies (WPGSP) of the Environment Directorate, 
and the Network on Environment and Development Co-operation of the 
Development Co-operation Directorate. The study projected the climate change 
and sea level rise for Bangladesh. For precipitation and temperature change projec-
tion, 17 GCMs (Global Circulation Model) developed since 1995 were examined 
for Bangladesh. For the changed frequency and intensity of cyclones, with refer-
ences of third IPCC report, the study concludes an increase in peak intensity may 
be in the range of 5–10 %. The study referred to the third IPCC fi ndings on global 
change for sea level rise.  

    Formulation of Bangladesh Program of Action for Adaptation to Climate 
Change Project (WARPO  2005 ) 

 As a party to the UNFCCC, the Government of Bangladesh (GoB  2007 ) has instituted 
the preparation of the National Adaptation Program of Action (NAPA) for the coun-
try. Taking a sectoral approach, a concerted sectoral working group (SWG) concept 
has been undertaken to develop the Bangladesh NAPA. The important task of devel-
oping sectoral NAPA has been assigned to these SWGs that will ultimately be help-
ful in devising the BDNAPA. Water Resources Planning Organization (WARPO) 
was assigned to coordinate the BDNAPA activities for four sub-sectors namely: 
Water, Coastal Areas, Natural Disaster and Health. The National Adaptation 
Programme for Action (NAPA) for Bangladesh (   NAPA  2005 ) adopted the results 
obtained by Agrawala et al. ( 2003 ) for changes in temperature, but slightly modifi ed 
them for precipitation.  
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    Fourth IPCC, Technical Summary, “A Report of Working Group 1 
of the Intergovernmental Panel on Climate Change” (IPCC  2007a ) 

 Climate Change 2007, the Fourth Assessment Report (AR4) of the United Nations 
Intergovernmental Panel on Climate Change (IPCC), is the fourth in a series of 
reports intended to assess scientifi c, technical and socio-economic information 
concerning climate change, its potential effects, and options for adaptation and 
mitigation. The report is the most exhaustive and presents detailed summary of the 
climate change situation ever undertaken, involving thousands of authors from 
dozens of countries, and states in its summary the following.

•    Warming of the climate system is unequivocal.  
•   Most of the observed increase in global average temperatures since the mid- 

twentieth century is very likely due to the observed increase in anthropogenic 
greenhouse gas concentrations.    

 In the 6 years since the IPCC’s Third Assessment Report (TAR), signifi cant 
progress has been made in understanding past and recent climate change and in 
projecting future changes. These advances have arisen from large amounts of new 
data, more sophisticated analyses of data, improvements in the understanding and 
simulation of physical processes in climate models and more extensive exploration 
of uncertainty ranges in model results. 

 The concentration of atmospheric CO 2  has increased from a pre-industrial value 
of about 280–379 ppm in 2005. The CH 4  abundance in 2005 of about 1,774 ppb is 
more than double of its pre-industrial value. The N 2 O concentration in 2005 was 
319 ppb, about 18 % higher than its pre-industrial value. Over the 1961–2003 
period, the average rate of global mean sea level rise is estimated from tide gauge 
data to be 1.8 ± 0.5 mm/year. 

 Sea level rise (in the Bay of Bengal) refl ects the combined effects of global sea 
level rise, local changes in sea level due to ocean density and circulation changes 
relative to the global average and may also be infl uenced by local vertical land 
movement (e.g. subsidence or uplift) in the vicinity of the bridge site. 

 Previous estimates and uncertainties for sea level rise, the scenarios have so far 
been largely speculative, not based on any detailed modeling. UNEP ( 1989 ) showed 
1.5 m sea level rise in Bangladesh coast by 2030, affecting 22,000 km 2  (16 % of 
total landmass) area with a population of 17 million (15 % of total population) 
affected. Since this scenario was calculated in 1989, the expected rate of sea level 
rise has been modifi ed because of uncertainty. The BUP-CEARS-CRU study ( 1994 ) 
did not draw detailed estimates in relation to change in sea level; however it com-
mented that both sedimentation and subsidence were likely to complicate net 
changes in sea level along the Bangladesh coast. Speculative scenarios of 30 and 
100 cm sea level rise as lower and upper bound limits have been considered in a 
number of studies (BCAS-RA-Approtech  1994 ; Ali  1999 ). WB ( 2000 ) showed that 
10 cm, 25 cm and 1 m rise in sea level by 2020, 2050 and 2100; affecting 2 %, 4 % 
and 17.5 % of total land mass respectively. Milliman et al. ( 1989 ; cited in Frihy 
2003) reported 1.0 cm/year sea level rise in Bangladesh. In the absence of any 
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Bangladesh-specifi c sea level rise scenario, the IPCC scenarios for sea level rise 
have generally been used as a basis for developing net sea level change along the 
coastal zone of Bangladesh, as cited in WARPO ( 2001 ). MoEF ( 2002 ) considered a 
linear rise in sea level by 1 cm/year, which resulted in 30 and 50 cm rise in sea level 
by the year 2030 and 2050, respectively. The latter scenarios were forwarded by the 
Government of Bangladesh in its First (Initial) National Communication. The 
OECD study (Agrawala et al.  2003 ) did not specify any sea level rise scenario for 
its analysis. However, it reiterated the fact that both subsidence and sedimentation 
would complicate the outcome. Moreover, it stressed considering mean sea level 
rise in conjunction with cyclonic activities and subsequent tidal surges. The NAPA 
document provided a sea-level rise scenario for Bangladesh, but without explana-
tion. Apparently, the upper values of the IPCC SLR Scenario (IPCC  2001a ,  b ) was 
adopted for developing the scenarios for 2050 and 2100, while the curve was 

extrapolated for developing the 2030 scenario.     

2.3     Risks and Vulnerability 

2.3.1     Impact of Climate Change on Water Resources System 

2.3.1.1    Climate Change and Hydrological Events 

 Technical paper on climate change and water publishes by IPCC (   Bates et al.  2008 ) 
stated that observational records and climate projections provide abundant evidence 
that freshwater resources are vulnerable and have the potential to be strongly 
impacted by climate change, with wide-ranging consequences for human societies 
and ecosystems. The hydrological system is sensitive to changes in climate (Arnell 
et al.  1996 ). The interaction between increases in greenhouse gases and the hydro-
logical system are very complex and shown in Fig.  2.8 .

   In a nutshell the interaction between the physical process of climate change and 
its impact in the hydrologic regime can be viewed as follows:

 –    Increased in temperature will result in changes in evapo-transpiration, soil mois-
ture, and infi ltration.  

 –   Increased atmospheric CO 2  may increase global mean precipitation.  
 –   Increased temperature will result in the rise in the global sea level caused by the 

thermal expansion of ocean water due to warming and increase in the ocean mass 
(principally from land-based sources of ice like glaciers and ice caps, and the ice 
sheets of Greenland and Antarctica).  

 –   Changes in the precipitation event could affect water availability in soils, rivers 
and lakes with negative implication in the demand-supply equilibrium.  

 –   Increased evapo-transpiration enhances the water vapor content if the atmo-
sphere and the greenhouse effect, and the global mean temperature may rise 
even higher.     
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2.3.1.2    Water Resource Supply Demand 

 Hydro-meteorological disasters are the principle climate induced hazards that make 
the water resources system vulnerable. A brief list of climate induced hydro- 
meteorological hazards is listed below:

 –    Extreme variability of rainfall evolves the risks of water-related climate variability, 
which are likely to intensify and worsen.  

 –    Bangladesh is highly vulnerable to droughts and fl oods . Climate change is 
going to affect the intensity, duration and timing of occurrences of these events.  

 –    Sea level rise is anticipated to inundate the southern region of Bangladesh 
permanently  which will make millions of peoples to migrate in the upstream, 
will destroy the agrarian economy in the coastal region.  

 –    Cyclone and storm surge in the Bay of Bengal is anticipated to be increased  
in terms of frequency and intensity. Projected rise in the sea level will further 
aggravate the situation.  

 –    Water scarcity is another challenge . Already, all over the major rivers, water 
availability has started declining and this trend is projected to continue in future. 
Other than this, availability of freshwater in the coastal region due to salinity 
ingress is anticipated to decrease water stress or per capita water availability. 
Groundwater aquifers will be contaminated which is going to aggravate the 
situation further.  

 –    Erratic behavior in the meteorological events will cause health hazard  all 
over Bangladesh. Water and vector borne diseases are anticipated to spread like 
epidemic with more geographical coverage and affecting more population.    

  Fig. 2.8    Climate change and impact on water resources (Mirza and Ahmad  2005 )       
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 Each of the above mentioned hydro-meteorological variability due to climate 
change impact is discussed in the following sections.  

2.3.1.3    Flooding and Drainage 

 Four main types of natural fl oods occur in Bangladesh: fl ash fl oods, river fl oods, 
rainwater fl oods, and coastal fl oods induced by storm surges (Ahmed et al.  1994 ; 
   Ahmed and Mirza  2000 ). A total of 28 major river fl oods occurred in the past fi ve 
decades. Flat topography, heavy rainfall, geographical location, trans-boundary 
fl ows and the act of the global warming including socio-economic and fl ood condi-
tions add complications to Bangladesh’s fl ood problem. A 53-year (1954–2007) 
data shows that all four most extensive fl oods occurred after 1986 (1987, 1988, 
1998, 2004) and it is striking that two record fl oods (1988 and 1998) have a return 
period of 100 years or more. At the same time, since 1975, low fl ood extents have 
become more frequent. Lowest fl ood-affected areas over the 50-year period all 
occurred after 1980 (1982, 1990, 1992, 1994 and 2001). In addition, if we plot the 
whole time series in terms of percentage of inundation coverage, we fi nd that the 
extent of big fl oods seems to have gradually decreased (see fl ood-affected areas 
1955, 1974, 1987, 1988 and 1998). But if we consider the occurrence of big fl oods 
(more than 25 % of inundation coverage) over the stipulated period, we fi nd that the 
frequency of big fl oods is increasing in the recent years. 

 The riverine fl ood (or monsoon fl ood) is affected by the following climate change 
related phenomenon:

•    Change in the frequency and intensity in extreme rainfall event may subsequently 
increase the intensity of fl ood.  

•   Rise in the sea level may cause the backwater effect causing the rise in the river 
water level, or obstacle the upstream discharge to be drained off into the sea.  

•   Increase in the soil moisture may increase the physical runoff or overland fl ow.  
•   Possible changes in temperature, precipitation and evapo-transpiration may 

result in the change in soil moisture, groundwater recharge and runoff and could 
intensify fl ooding and droughts in various climatic zones.    

 Flooding is largely dependent upon extreme rainfall events. A number of litera-
tures addressed the physical process of climate change and its consecutive impact 
on fl ood regimes (Gordon et al.  1992 ; Whetton et al.  1993 ; Kattenberg et al.  1996 ; 
Arnell et al.  1996 ; McGuffi e et al.  1999 ; Roeckner et al.  1999 ; Lal et al.  2000 ; Hu 
et al.  2000 ; IPCC  2001a ,  b ,     2007a ,  b ). IPCC ( 2001a ) concluded that relatively small 
climatic changes can cause large water resources problem, particularly fl ood vulner-
able areas of India and Bangladesh. Gordon et al. ( 1992 ) and Whetton et al. ( 1993 ) 
indicate that global warming may produce changes in the frequency of intense rain-
fall because of possible changes in the paths and intensity of depressions and storms; 
and possible increase in convective activity. Lal et al. ( 2000 ) found that there is also 
an increase in intra-seasonal precipitation variability and that both intra-seasonal 
and inter-annual increase is associated with intra-seasonal connectivity during the 
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summer. On the contrary, Asian summer monsoon precipitation may be decreased 
as a result of the dampening effect caused by Sulphate aerosols (Kattenberg et al. 
 1996 ; Roeckner et al.  1999 ). But climate model experiments suggest that rainfall 
intensity and number of wet spells are likely to increase in greenhouse gas concen-
trations (McGuffi e et al.  1999 ; IPCC  2001a ,  2007a ,  b ). Despite the research debate, 
evidence from climate models and hydrological studies suggest that fl ood frequen-
cies are likely to increase with global warming, though the amount of increase is 
very uncertain and for a given change in climate, will vary considerably between 
catchments (Arnell et al.  1996 ) and at fi ner resolutions (Kattenberg et al.  1996 ; 
IPCC  2007a ,  b ). 

 In Bangladesh, a number of hydrological models (empirical and water balance 
modeling carried out by Mirza and Ahmad  2005 ; Tanner et al.  2007 ; Farquharson 
et al.  2007 ;    CCC  2009 ) have been used to assess the impact of climate change on 
the riverine fl ooding of Bangladesh. Mirza et al., ( 2001 ) identifi ed that future 
changes in the precipitation regime have four distinct implications:

•    Change in the timing of fl ood due to possible changes in the seasonality;  
•   Increase in the magnitude, frequency, depth, extent and duration of fl oods;  
•   Change in the timing of peaking and change in the likelihood of synchronization 

of fl ood peaks of the major rivers; and  
•   Dramatic change in the land-use patterns in Bangladesh.    

 Mirza et al., ( 2001 ) also showed that a 20-year return period fl ood event in the 
Ganges, Brahmaputra and Meghna River will be changed to 13-, 15- and 5.5-year 
return period fl oods due to a possible increase in temperature by 2 °C; which means 
the catastrophic fl ood 1  events. For extreme level rise in temperature by 6 °C, return 
period of the same frequency catastrophic fl ood event will reduce by 3.4 times, 2.3 
times and 8.5 times for the Ganges, Brahmaputra and Meghna rivers respectively.  

2.3.1.4    River Bank Erosion 

 Riverbank erosion is one of the major natural disasters of Bangladesh. It has caused 
untold miseries to thousands of people every year living along the banks of rivers in 
Bangladesh. To date, erosion alone has rendered millions of people homeless and 
has become a major social hazard. People, who live adjacent to riverbank, become 
victim of erosion and be forced to change their livelihood and community. Most of 
the victims of riverbank erosion become slum dwellers in large urban and metropoli-
tan. Major rivers like the Jamuna, the Ganges and the Padma eroded around 
1,590 km 2  fl oodplains making 1.6 million people homeless since 1973. Furthermore 
these rivers have inside apparently permanent char lands. Not only the fl oodplain the 
char land dwellers are always vulnerable to river erosion. River-wise status of river-
bank erosion of these major rivers is being given in the following sub-sections. 

1    Range of fl ooded area 50,000–57,000 km 2  and range of % inundation 34–38.5 %, as classifi ed by 
Mirza et al. ( 2001 ).  
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 It has been found that for the last few decades shows that the river is widening 
and both banks are migrating outwards at a high rate. During the last three and half 
decades (1973–2009), the net erosion along the 240 km long Jamuna River was 
about 80,690 ha (BWDB  2009 ). The rate of erosion has varied over time. For exam-
ple, the rate at which the Jamuna River has been widening declined from 150 m/
year in the 1970s and 1980s to 48 m/year during the last 14 years. The total erosion 
and accretion in the districts along the Jamuna River since 1973 is presented in 
Table  2.1 .

   Between 1973 and 2009, erosion and accretion along the Jamuna River was 
90,830 and 10,140 ha respectively. This imbalance between erosion and accretion is 
attributed to the widening of the river (Fig.  2.9 ). The highest erosion was in Sirajganj 
district (22,400 ha) and the lowest in Pabna district (1,770 ha).

   For the last few decades show that the Ganges is almost stable in width, even 
though the river is shifting continuously. This indicates equilibrium of erosion and 
accretion. During the last three and half decades (1973–2009) the net erosion along 
the 230 km long Ganges in the territory of Bangladesh was about 2,710 ha (BWDB 
 2009 ). The total erosion and accretion in the districts along the Ganges River since 
1973 are presented in Table  2.2 . Between 1973 and 2009, erosion along the Ganges 
River was 28,390 ha while accretion was 25,680 ha. The balance between erosion 
and accretion along the Ganges River shows the stability of the river in width 
(Fig.  2.10 ). The most affected district by the Ganges River erosion was Kushtia 
(12,180 ha).    

2.3.1.5    Impacts on Water Resources 

 Availability of fresh water in Bangladesh is highly seasonal. Based on rainfall pat-
terns, four seasons can be distinguished. About 75 % of the annual rainfall occurs 
during the monsoon (June–September). Annual rainfall ranges from 1,400 mm in 
the western Rajshahi region to over 5,000 mm in the northeastern Sylhet region 
(World Bank  2000 ). In the post-monsoon (October–November) and winter period 

   Table 2.1    Bank erosion along the Jamuna River during the 
period 1973–2009   

 District 
 Eroded 
area (ha) 

 Accreted 
area (ha) 

 Kurigram  18,510  40 
 Gaibandha  9,220  920 
 Jamalpur  11,810  4,880 
 Bogra  10,500  1,880 
 Sirajganj  22,400  2,410 
 Tangail  10,920 
 Pabna  1,770 
 Manikganj  5,700  10 
  Total    90,830    10,140  

  Source: CEGIS ( 2010 )  
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  Fig. 2.9    Erosion–accretion 
along the Jamuna during 
1973–2009. Source: CEGIS 
( 2010 )       

   Table 2.2    Bank erosion along the Ganges River during the period 
1973–2009   

 District 
 Eroded 
area (ha) 

 Accreted 
area (ha) 

 Nawabganj  5,160  11,990 
 Rajshahi  1,220  1,340 
 Natore  1,920  140 
 Kushtia  12,180  1,220 
 Pabna  2,440  8,290 
 Rajbari  5,470  2,700 
  Total    28,390    25,680  

   Source : CEGIS ( 2010 )  
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(December–February) only 10 % of the annual rainfall is available, making agricul-
ture highly dependent on remaining soil moisture and irrigation from surface and 
groundwater. In the subsequent pre-monsoon period (March–May), on an average, 
there is 15 % of the annual amount of rainfall. Rainfall is extremely unreliable in 
this period. 

 Seasonality is refl ected in river discharges as well. Figure  2.11  presents compari-
sons of average July-rainfall in major river basins with respect to total rainfall in 
1998.    WARPO ( 2001 ) estimated that around 90 % of the mean dry season stream 
fl ow is found in the Ganges, the Brahmaputra and the Meghna rivers. Smaller 
regional rivers carry the remaining 10 %. In terms of water availability, March is a 
critical month in Bangladesh. The Brahmaputra accounts for 58 % of the fl ow mea-
sured within the country, whereas the share of the Ganges is only 13 %. The Meghna 
discharge contributes only 2 % of the total measured discharge in Bangladesh dur-
ing the month of March. It is estimated that the ratio between the discharges of the 
dry and monsoon seasons for the Ganges River is 1:6 (Mirza and Dixit  1997 ).

   With respect to water supply, it is  very likely  that the costs of climate change will 
outweigh the benefi ts globally. One reason is that precipitation variability is  very 
likely  to increase, and more frequent fl oods and droughts are anticipated. The risk of 
droughts in arid basins in the low-fl ow season will increase. The impacts of fl oods 
and droughts could be tempered by appropriate infrastructure investments and by 
changes in water and land-use management, but the implementation of such mea-
sures will entail costs (   US Global Change Research Program  2000 ). Water infra-
structure, usage patterns and institutions have developed in the context of current 

  Fig. 2.10    Erosion–accretion along the Ganges during 1973–2009. Source: CEGIS ( 2010 )       
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conditions. Any substantial change in the frequency of fl oods and droughts, or in the 
quantity and quality or seasonal timing of water availability, will require adjustments 
that may be costly, not only in monetary terms but also in terms of societal and 
ecological impacts, including the need to manage potential confl icts between differ-
ent interest groups (Miller et al.  1997 ). 

 Hydrological changes may have impacts that are positive in some aspects and 
negative in others. Increased runoff could also damage areas with a shallow water 
table. In such areas, a water-table rise disturbs agricultural use and damages build-
ings in urban areas. In addition, an increase in annual runoff may not lead to a 
benefi cial increase in readily available water resources, if that additional runoff is 
concentrated during the high-fl ow season. Apart from this, increased precipitation 
intensity may result in periods of increased turbidity and nutrient and pathogen 
loadings to surface water sources. 

 In Bangladesh, the largest demand for both surface and groundwater is to support 
irrigation in the dry months. However, in setting priorities for allocating water 
during critical periods, the National Water Policy gives this sector a relatively low 
priority and sets the following order: domestic and municipal uses, non-consumptive 
uses (e.g., navigation, fi sheries and wild life), sustenance of the river regime, and 
other consumptive and non-consumptive uses including irrigation, industry, 
environment, salinity management, and recreation (WARPO  1999 ). 

 By 2018, demand for irrigation may reach 58.6 % of the total supply. Demand 
for other sectors is estimated to reach 40.7 % for navigation, salinity, and fi sheries, 

  Fig. 2.11    Comparison of peak monsoon monthly rainfall between a mega fl ood and monthly 
average       
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and 0.7 % for domestic and industrial uses (WARPO  2001 ). It should be noted that 
these estimates do not take into account the effects of possible changes in climate. 
The following paragraphs discuss the possible infl uence of climate change in the 
estimation of the water requirements for the various sectors. 

 Changes in climate may affect irrigation requirements for all the three cropping 
seasons: Rabi, Kharif-I, and Kharif-II. Increase in temperature will lead to escalat-
ing irrigation demands by 200 M m 3  for March only (Brammer et al.  1996 ). With 
sea level rise, the saline-water front will move farther inland. Migratory fresh water 
fi sh hatchlings cannot survive even in moderately saline (2,000 mmhos/cm) water 
(EGIS-II fi sheries expert). With declining number of hatchlings in the dry season, 
one may expect that the overall fi sh production in the fl oodplains will decline 
signifi cantly. 

 Due to siltation, many regional rivers such as the Gorai River have lost their 
connection with their perennial water source in the dry season (Mirza  1997 ). 
Therefore, lower river fl ows, rising bed levels, and increased morphological 
dynamics will likely deteriorate further the fl ow conditions of the smaller chan-
nels as well as their navigability in winter. Climate change induced low fl ow and 
high evaporation will reduce availability of surface water in the water bodies 
including rivers, artesian wells and ponds—and thereby accentuate the prevailing 
crisis of drinking water in the dry season. Scarcity may arise because of mining of 
groundwater caused by over-pumping changes in water supply and demand caused 
by climate change will be overlaid on top of changing water use due to growths in 
both population and income. Currently Bangladesh withdraws 22,500 million m 3  
of water (WRI  1998 ). According to the WARPO ( 2001 ), the total requirement for 
water consumption in 2020 will be 24,370 million m 3 , and supply will be 
23,490 million m 3 . Thus, there would be a shortage of 880 million m 3 . Agriculture 
is estimated to constitute 58.6 % of demand; navigation, salinity and fi sheries 
40.7 %, and municipal and industrial demand will be only 0.7 %. It is also esti-
mated that on a yearly basis, about 77 % of water supply comes from surface 
water sources. 

 Although monsoon availability of water will increase under climate change, it is 
highly likely that the winter water availability will decrease, and more water will be 
required for irrigation in winter. Keeping the projected shortfall in mind, one may 
infer that irrigation will be more dependent on groundwater withdrawal. While the 
ground water is fully replenished every year, the availability of (shallow) groundwa-
ter in the dry season is fi nite. Under such a condition, it would be quite diffi cult to 
control salinity intrusion, to keep navigational routes functional, and to ensure envi-
ronmental and ecological harmony in various places—especially in the Ganges, 
Atrai and Teesta dependent areas of the country. 

 Climate change affects groundwater recharge rates (i.e., the renewable ground-
water resources) and depths of groundwater tables. However, knowledge of current 
recharge and levels in both developed and developing countries is poor; and there 
has been very little research on the future impact of climate change on groundwater, 
or groundwater–surface water interactions. In Bangladesh, a recent study carried 
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out by the World Bank ( 2010 ) indicates that the groundwater resources in the coastal 
zone of Bangladesh are highly vulnerable in the following aspects:

•    Deep fresh coastal groundwater is vulnerable to vertical infi ltration of saltwater 
due to periodic storm surge fl ooding.  

•   There is moderate vulnerability of the fresh coastal groundwater resource to lat-
eral saltwater migration.  

•   There is high vulnerability to salinization due to pumping-induced mixing of 
preexisting fresh and saline groundwater.  

•   Groundwater in areas with lower topographic relief (central delta) is far more 
vulnerable to vertical and lateral intrusion pathways.    

 Other than this, as many ground waters both change into and are recharged from 
surface water, impacts of surface water fl ow regimes are expected to affect ground-
water. Increased precipitation variability may decrease groundwater recharge in 
humid areas because more frequent heavy precipitation events may result in the 
infi ltration capacity of the soil being exceeded more often. Specially, groundwater 
is the key source of potable water in the coastal region. If this resource becomes 
unfi t for drinking purpose then around one third of the total population of Bangladesh 
will have no alternative in the search for fresh drinking water.  

2.3.1.6    Impacts on Agriculture 

 Agriculture is a major sector of Bangladeshi economy, providing about 22 % of 
total GNP. Perhaps more important is the fact that almost two-thirds (65 %) of the 
labor force is employed in agriculture (Faruquee  1998 ). Rice is by far the major 
crop in Bangladesh. In 1992–1995, average annual production was 18 Mmt. In con-
trast, only 1.2 Mmt of wheat was produced annually in the same period (BBS  1998 ). 
But IPCC-IV has stated that Results of recent studies suggest that substantial 
decreases in cereal production potential in Asia could be likely by the end of this 
century as a consequence of climate change. However, regional differences in the 
response of wheat, maize and rice yields to projected climate change could likely be 
signifi cant (Parry et al.  1999 ; Rosenzweig et al.  2001 ). 

 Farmers in Bangladesh are quite poor, even in comparison with its neighboring 
countries. The average size of farms is very small. A recent estimate shows that 
over 70 % of farm families have less than 1.0 ha (2.5 acres) and 80.3 % has less than 
2 ha (5.0 acres) land. The farms are undercapitalized, and lack the usual inputs of 
quality seed, fertilizer, pest control etc. (Ahmad and Hasanuzzaman  1998 ). In addi-
tion, Bangladeshi farmers have little mechanized agricultural tools. For example, in 
the early 1990s, there were 5,300 tractors in Bangladesh, whereas Pakistan with 
about twice the area for agriculture had more than 54 times the number of tractors 
(WRI  1998 ). 

 Published sources on the effect of climate change on rice yields tend to show 
minor negative to positive effects at low temperature changes associated with slight 
CO 2  fertilization effect. For example, Karim et al. ( 1996 ) estimated that an increase 
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of 2 °C with unconstrained water supplies (no moisture stress) would increase rice 
yields only slightly. A temperature increase of 4 °C (higher than projections for 
2050) will results in mixed yield changes. Rice yields for 2020 and 2050 were 
calculated based on the results of Karim et al. ( 1996 ) and assuming no moisture 
stress, and relatively strong CO 2  fertilization effect. The results show a small posi-
tive change in yields. Wheat yields are projected to decrease at both temperature 
changes, even with optimistic assumptions on the CO 2  fertilization effect. 

 Previous agricultural yield estimates were based on information published on the 
positive effects of higher atmospheric carbon dioxide levels on plant growth at the 
time the studies were carried out. Recent analyses have shown that increased CO 2  
levels essentially help to attain higher leafarea index, and do not contribute to 
increased rice yields (Abrol  1998 ). These results have supplemented the fi ndings of 
Walker and Steffen ( 1997 ). It may be too early to come to a conclusion regarding 
the direct effects of climate change on food-grain production. There are, however, 
indirect effects in relation to induced changes in fl oods and salinity. 

 At present, western parts of Bangladesh are periodically being affected by 
droughts in winter months. Since the temperature will rise, and there exists a strong 
possibility that the winter precipitation will decrease further, it is likely that the 
moisture content of topsoil would decrease substantially leading to severe moisture 
stress. Higher temperature would, furthermore, induce higher rates of evapo- 
transpiration leading to acute (phenological) drought conditions in winter months. 
Consequently, a late Kharif II drought in December would adversely affect Aman 
crop at the ripening stage, while an early Rabi drought would more severely affect 
wheat and Boro crops at both germination and vegetative growth stages (Karim 
et al.  1998 ). Furthermore, increasing moisture stress in early Kharif I would affect 
Aus production signifi cantly. Increased drought will increase capillary action and 
salinity build up in the top soil as well. Detailed processes of salinity build up are 
explained in Karim et al. ( 1990 ). On an average year, increased salinity not only 
causes a net reduction of about 0.2 Mmt of rice production, but also diminishes 
potentials of Boro and wheat cultivation in saline affected soils of the coastal areas. 
With the possibility of increasing soil salinity under climate change scenarios, it is 
highly likely that food-grain production in those areas would be extremely vulner-
able. It is reported that, the effect of soil salinity on Aus production would be detri-
mental, and Aman, when grown under a severe climate change scenario, could also 
suffer over twofold yield reductions (Habibullah et al.  1998 ). Recently, CEGIS 
( 2006 ) has shown sea level rise along the southwestern region of Bangladesh Aman 
suitability decrease signifi cantly. 

 Together with the possible reduction in Aman rice area (as a result of greater 
spread of fl ood waters, and longer duration of fl ooding) and a reduction in the Boro 
rice area (which will be limited by available surface and groundwater for irrigation), 
the total area suitable for rice production may in the future stagnate or possibly 
decrease. 

 Another infl uence on the total available area for agriculture is that: climate 
change is expected to disturb the sediment balance. It is diffi cult to forecast whether 
there will be net accretion or erosion. However, it is important to remember that 
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newly accreted land along the coast may take up to 15 years to develop full production 
potential, whereas land lost to erosion is in most cases valuable agricultural land. 
Despite this fact, average accretion in Bangladesh is close to one thousand hectares 
per year of valuable agricultural land. At present this land is “state-owned”. 
A coherent land use policy with appropriate support services (for example, access 
to information) for this state-owned land is urgently needed to avoid (the often ille-
gal) settlements before the soils have developed their full productive capacity. 

 Floods affect agricultural production signifi cantly. The 1988 fl ood caused reduc-
tion of agricultural production by 45 % (Karim et al.  1996 ). Similarly, Aman 
production potential of some 2–2.3 Mha could not be realized due to the devastating 
fl oods in 1998 that lasted for about 67 days. Since seedlings could not be planted in 
the fl ood affected areas, the resulting estimated shortfall of food grain production 
exceeded 3.5 Mmt. Higher discharge and low drainage capacity, in combination 
with increased backwater effects would increase frequency of such devastating 
fl oods under climate change scenarios. Prolonged fl oods would tend to delay Aman 
plantation, resulting in signifi cant loss of potential Aman production, as observed 
during the fl oods of 1998. 

 Considering all the direct and induced adverse effects of climate change on 
agriculture, one may conclude that crop agriculture would be even more vulnerable 
in Bangladesh under a warmer world.  

2.3.1.7    Impacts on Infrastructures 

 Floods, especially the high intensity fl oods, often devastate physical infrastructure 
such as road networks, educational centres, market places, administrative buildings 
etc. (Nizamuddin et al.  2001 ; Siddiqi  1997 ; Siddique and Chowdhury  2000 ). Among 
this, a large road and highway network is criss-crossing the whole Bangladesh like 
veins, most of it traversing through the fl ood plains of the country. The Roads and 
Highways Department (RHD) is responsible for a huge number of assets in the form 
of roads, bridges and culverts. Protecting and maintaining about 20,798 km of roads 
and 14,712 bridges and culverts with an estimated asset value of TK 727,000 million 
is of prime importance for the national economy. 

 Deluge of 1998 rendered most parts of Dhaka inaccessible by motorized vehicles, 
while the fl oodwater of 1988 penetrated the runways of Dhaka International Airport 
and disconnected it for about 11 days from the rest of the world. The telecommuni-
cation network was torn off during the cyclone of 1991 and the entire coastal belt 
was disconnected for weeks. 

 Historical records show that the roads, which were raised above the 1988/1998 
fl ood-level, suffered minimum damage in the 2004 fl oods. After the 1988 fl ood, for 
example, national highways such as the Dhaka–Chittagong, Dhaka–Mawa–Khulna, 
Dhaka–Sylhet and Dhaka–Aricha highways were raised by 1–1.5 m above HFL. As 
a result, these highways suffered no signifi cant damages during the 2004 fl ood. 
Flood loss potentials to roads infrastructure have been huge. In the 1998 and 2004 
fl ood, for example, the direct damage to roads sector is estimated as TK 15,272 and 
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TK 10,031 million, accounting for 15 % and 9 % of the total damage respectively. 
The situation is expected to be deteriorating in the days to come, with the increased 
extent and intensity of fl ooding due to potential climate change and sea level rise in 
future. Hence, it is important to develop fl ood proofi ng systems as a response to 
natural disasters, in designated fl ood risk zones, to protect life, property and vital 
infrastructure such as roads. 

 Climate change induced high intensity events pose huge threats to existing phys-
ical infrastructure. Damage to national highways due to fl ood alone is estimated at 
1,011 and 3,315 km by the year 2030 and 2050, respectively. The corresponding 
damage to embankments is estimated at 4,271 and 13,996 km by the year 2030 and 
2050, respectively. The aggregated damage fi gures for health centres and hospitals 
due to fl oods, cyclones, sea-level rise and salinity intrusion is estimated at 1,682 and 
5,212, respectively, for the above two time horizons (BRTC-BUET  2005 ). 

 In this regard, removal of impediments of drainage (dredging/re-excavation of 
choked rivers/khals; drainage canals), construction of drainage structures (culverts, 
bridges, and regulators), rehabilitation of structures such as roads, embankments 
etc. should be considered as adaptation measures towards facilitating drainage and 
reduce fl ood-related vulnerability (Ahmed et al.  1998 ; Ahmed  2005 ; Faruque and 
Ali  2005 ). In view of urban fl ooding, this option will remain as an important adapta-
tion option despite the high cost of its implementation. In increasingly fl ood vulner-
able areas (FVA), efforts should be made for fl ood proofi ng of infrastructure, as 
deemed necessary (Faruque and Ali  2005 ). 

 DFID-sponsored programme “Roads and Highways Policy Management, 
budgetary and TA Support” (RHD) considered fl ood as direct disaster and adapta-
tion cost was enumerated considering the fl ood-proofi ng of roads and highways by 
raising this infrastructure above the highest ever-recorded fl ood levels within the. 
Specifi cally, some 170 km of national and regional roads and some 518 km of 
district (feeder) roads in high risk areas will be raised by 1 m. Further, about 124 km 
of national and regional roads in low risk area will be raised by 0.5 m. As the option 
comprises a long-term programme and since the costs would be very high if incurred 
at one time, it proposes action when a particular road is due for major maintenance 
or re-surfacing, with priority given to high risk areas. 

 Flood-proofi ng of roads and highways should be done by raising road height to 
the highest recorded fl ood and provision of adequate cross-drainage facilities. The 
Roads Master Plan (Government of Bangladesh  2007 ) also recently reiterated the 
maintenance of 1–1.2 m freeboard above a 50 year fl ood, although directives in this 
respect have been in existence since the time of the fl oods back in 1987 and 1988. 
Notwithstanding the above facts, so far, the efforts and resources of the RHD are 
meager compared to the enormous dimension of the problem. The proposed option 
in its entire scope will provide appropriate fl ood proofi ng to nearly 800 km of roads 
through roads raising across the country. 

 In recent time, relevant experts suggested that roads constructed along the east–
west direction were given extra attention to ensure proper drainage of water, by 
providing extra spans for adequate passage at the peak fl ow stage. Experts also 
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warned that the existing bituminous pavements are more susceptible to water than 
cement-concrete ones. Provision of asphalt concrete topping and hard shoulder can 
reduce the damage to roads caused by the fl ow of water over the road surface. 
Asphalt concrete produce more durable pavements than the usual road with mixed 
carpeting. Knowledgeable people also opine that in order to minimize the erosion of 
the road embankments and vulnerable road sections, slopes have to be protected 
with hard layers (C.C. blocks with geotextile); less vulnerable sections should be 
protected with fl ood resistant natural turfs and plants like vetiver (Kashful).       
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  Abstract     Sea level rise due to sedimentation, although signifi cant near river deltas, 
is negligible on a global scale. Sea level rise (SLR) on a short time scale (several 
years) is associated with El Nino/Southern oscillations. Bangladesh is highly 
vulnerable to sea level rise, as it is a densely populated coastal country of smooth 
relief comprising broad and narrow ridges and depressions. A big chunk of the 
fresh- water zone that will be disappearing due to sea level rise near to the estuary 
will have a far reaching effect on the country’s ecology and will extinct some of its 
endangered species. The southwest region of Bangladesh comprises the world’s 
largest single track of mangrove forest—the Sundarbans, which is also vulnerable 
to the sea level rise. It is located at the southern extremity of the Ganges river delta 
bordering the Bay of Bengal. A possible 45 cm sea level rise by the year 2050 could 
inundate 75 % of the Sundarbans. Several studies are initiated to fi nd out suitable 
adaptation measures that have the potential to help farmers adapt to climate changes 
and to identify suitable varieties of crops that would be able to adapt to climate 
change. One of them is a study titled “Adaptive Crop Agriculture Including 
Innovative Farming Practices in the Coastal Zone of Bangladesh,” which was 
conducted in Satkhira, a coastal district of Bangladesh.  
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3.1         Introduction 

 A number of previously published studies examined the potential impacts of climate 
change on Bangladesh (e.g., Qureshi and Hobbie  1994 ;    Huq et al.  1996 ,  1999 ; 
Warrick and Ahmad  1996 ), assuming certain changes in the climate and corre-
sponding sea level rise. Islam ( 2001 ) identifi ed some of the changes in global mean 
sea level induced by several processes on different time and space scales. The 
processes include glacio-isostatic rebound, oceanographic, atmospheric, and 
tectonic effects. Estuatic sea level variation is associated with the volume change of 
seawater and relative sea level rise can be different due to local uplift and subsid-
ence. Sea level rise due to sedimentation, although signifi cant near river deltas, is 
negligible on a global scale. Sea level rise (SLR) on a short time scale (several 
years) is associated with El Nino/Southern oscillations. 

 Future climate change scenarios research by a pilot study of Department of 
Environment mentioned (DOE  1993 ) a potential future sea level rise for Bangladesh 
is 30–50 cm by 2050. Ahmed and Alam ( 1998 ) has projected the SLR value for the 
year 2030 and 2050, which have been constructed by using general circulation 
models (GCM) that was superimposed on long-term climatic patterns over ten loca-
tions in Bangladesh. Their estimate was 1-m change of sea level by the middle of 
twenty- fi rst century; it combines a 90 cm rise in sea level and about 10 cm local rise 
due to subsidence. The SAARC Meteorological Research Centre (SMRC) analyzed 
sea level changes of 22 years historical tide data at three tide gauge locations in the 
coast of Bangladesh. The study revealed that the rate of sea level rise during last 22 
years is many fold higher than the mean rate of global sea level rise over 100 years. 
SMRC projected fi gures of sea level rise are 18, 30 and 60 cm for the year 2030, 
2050 and 2100 respectively. National Adaptation Programme for Action (GOB 
 2005 ) Team is fully compliant with the Third Assessment Report (TAR) of IPCC 
regarding probable SLR, which indicates that the global sea level rise is 9–88 cm 
from 1999 to 2100. According to the fourth assessment report of IPCC (IPCC  2007 , 
Table 10.7), it is projected that the highest amount of global average sea level rise 
during the twenty-fi rst century in the range 0.26–0.59 m. Another consideration of 
local sea level rise in the Bay of Bengal is expected to be between 0.0 and 0.05 m 
(IPCC  2007 , Fig. 10.32). But it should be noted that the IPCC rates of change of sea 
level are only indicative and accurate predictions could not be made due to inherent 
weaknesses of the models. In addition to this, there is a wide range of variation 
concerning the extent of such changes in the above-mentioned and other literatures 
(Yohe and Schlesinger  1998 ; Hare  1999 ) Moreover, IPCC’s Fourth Assessment 
report has been criticized for essentially discounting recent observations of substan-
tial ice losses from the Greenland and Antarctic ice sheets in its projections of 
future sea level rise. Mote et al. ( 2008 ) provides a rough estimate of an upper limit 
for ice sheet loss contributions to global sea level rise of 0.34 m by 2100. 

 There are several aspects of sea level rise in Bangladesh. This brief chapter has 
three sections: observed seal level rise in Bangladesh, salinity intrusion and 
impacts on Sundarban. Finally, a brief example is provided on the adaptation in 
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agriculture sector in coastal areas. Beside these issues, there are serious impacts 
on coastal agriculture and coastal livelihoods, which are discussed in other chap-
ters of this book.  

3.2     Observed Sea Level Rise in Bangladesh 

 Bangladesh is highly vulnerable to sea level rise, as it is a densely populated coastal 
country of smooth relief comprising broad and narrow ridges and depressions 
(Brammer et al.  1993 ). A study by SAARC Meteorology Research Centre (SMRC, 
cited in Alam  2003 ) found that tidal level in Hiron Point, Char Changa and Cox’s 
Bazar raised 4.0, 6.0 and 7.8 mm/year respectively, observing tidal gauge record of 
the period 1977–1998. They have also mentioned that the rate of the tidal trend is 
almost double in the eastern coast than that of the western coast. This difference 
could be due to subsidence and uplifting of land. 

 In the South West region at Hiron point station the mean annual change in water 
level has been found as 5.5 mm/year (Fig.  3.1  and Table  3.1 ). Maximum rise in the 
water level is observed in the South East region at the Maheshkhali station which is 
7.4 mm/year followed by 7.04 mm/year in the Sandwip and 5.05 mm/year in the 
Cox’s Bazar stations. But in the Maheshkhali and Sandwip area, tidal process has 
been perturbed due to continuing morphological dynamism, tidal amplifi cation or 
dampening due to natural accretion and formation of new funnel shaped chars and 
islands and also due to several other human interventions like cross-dam 

  Fig. 3.1    Observed trend in sea level rise as evident from different tidal stations along the coast       
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   Table 3.1    Periodic analysis of observed sea level rise at different tidal water level stations   

 Period of analysis 

 Observed water level (m, PWD) 

 Hiron Point  Moheshkhali  Cox’s Bazar  Sandwip 

 1968–1977  207.10 
 1977–1986  177.35  214.35  199.87  279.31 
 1987–1996  182.76  214.97  213.68  337.75 
 1997–2002  186.20  206.54  291.29 
 Change in the mean 

sea level (from 
trend line) 

 0.55 cm/year  0.749 cm/year  0.5055 cm/year  0.7044 cm/year 

implementation. In the south western (Sundarban) and south eastern part (Cox’s 
Bazar), the observed change in sea level is mostly free from any sort of artifi cial or 
man-made interventions and thus the most reliable estimate of mean sea level rise 
can be taken from the remaining two stations. Here it is notable that the mean sea 
level is rising and observed range of sea level variance can be taken as 5.05 mm to 
7.4 mm/year.

    Bangladesh has 710 km long coastline. The landward distance of the delineated 
coastal zone from the shore is between 30 and 195 km whereas the exposed coast is 
between 37 and 57 km. Other part of the country has an elevation of less than 10 m 
above sea level. With the exception of the Chittagong Hill Tracts in the southeast 
and the Modhupur tract in the central region, the country is located in the fl ood-
plains of three main rivers namely Ganges, Brahmaputra and Meghna. The coastal 
zone is low-lying with 62 % of the land have an elevation of up to 3 m and 86 % up 
to 5 m. From the available information, three alternative sea level rise scenario can 
be proposed as shown in Table  3.2 .

   Here it is also to be noted that the recommended value for sea level rise of 
0.60 m is, coincidentally, at the top end of the range for global sea level rise under 
the AR4 A1F1 scenario of 0.59 m and the observed mean sea level is also around 
0.55 cm per year.    

   Table 3.2    High end [ top ], low end [ middle ] and pragmatic range [ below ] estimate of sea level rise   

 Global sea level rise (IPCC  2007 )  0.59 m 
 Additional ice sheet contribution (Mote et al.  2008 )  0.34 m 
 Local sea level rise (IPCC  2007 )  0.05 m 
 Total  0.98 m 

 Global sea level rise (IPCC  2007 ) 
 0.26 m 

 Additional ice sheet contribution (Mote et al.  2008 )  0.00 m 
 Local sea level rise (IPCC  2007 )  0.00 m 
 Total  0.26 m 

 A pragmatic mid-range estimate of sea level rise would be: 
 Global sea level rise (middle of AR4 A1F1 range)  0.43 m 
 Additional ice sheet contribution  0.17 m 
 Local sea level rise  0.00 m 
 Total  0.60 m 
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3.3      Salinity Intrusion 

 A big chunk of the fresh-water zone that will be disappearing due to sea level rise 
near to the estuary will have a far reaching effect on the country’s ecology and will 
extinct some of its endangered species (marked by IUCN) forever. Bangladesh’s 
NAPA document has also highlighted the concerns regarding salinity ingress, espe-
cially for the southwestern region (GOB  2005 ). The world heritage and declared 
Ramsar site Sundarban will be hugely affected by the salinity ingress. Actually, the 
Sundarbans has already been affected due to reduced freshwater fl ows through 
Ganges river system over the last few decades particularly during the dry season. 
This has led to a defi nite inward intrusion of the salinity front causing the different 
species of plants and animals to be adversely affected. Increased salt-water intru-
sion is considered as one of the causes of top dying of Sundari trees. The impact of 

  Lesson Learnt from the Investigating the Impact of Relative Sea-Level 
Rise on Coastal Communities and Their Livelihoods in Bangladesh 

 CEGIS and IWM were partners in carrying out the study on impacts on sea 
level, funded by UK Department for Environment Food and Rural Affairs. 
The potential impact of sea level rise along Bangladesh coast provide an 
information about the land which could be inundated and the population that 
would be affected provided no adaptive/protective measures are taken. During 
monsoon, the result shows that in the year 2080 at 62 cm sea level rise for high 
emission scenario (A2 scenario), an additional area of 4,69,000 ha (13 % of 
land area of coastal region) will be remain inundated compared to the base 
condition of year 2005. The most vulnerable areas along the Bangladesh 
coastline are the areas without polders like Patuakhali, Pirojpur, Barisal, 
Jhalakati, Bagerhat. Increase in rainfall (10 % increase in rainfall within 
Bangladesh) in addition to 62 cm sea level rise in 2080 will increase the 
permanent inundated area by 16 % (5,515,000 ha) in the monsoon. The fol-
lowing fi gure shows the inundation of the coastal region of Bangladesh for 
15 cm (B1 scenario), 27 cm (A2 scenario) and 62 cm (A2 scenario) sea level 
rise during monsoon. 

 On the contrary, in the dry season due to 62 cm sea level rise about 
364,200 ha (10 %) more area will be inundated (inundation more than 30 cm) 
for A2 scenario in the year 2080. However, 15 cm sea level rise has insignifi -
cant impact on inundation in dry season. 

 In the Meghna estuarine zone, at Daulatkhan in Shahabazpur channel, 
result shows that high tide is found to increase by 30 cm and 80 cm for 32 cm 
and 88 cm sea level rise respectively. Sea will enter more and at Chandpur 
water will rise by 50 cm for 88 cm rise of sea level and 15 cm for 32 cm rise 
of sea level. Figures in Annex B are the inundation depth for different range 
of water depth in the southwest, southeast and Meghna Estuary. 
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sea level rise will further intrude the saline water to landward. Sea level rise of 
32 cm will intrude 10–20 ppt salinity level more in the Sundrabans.  

3.4     Impacts on the Sundarbans 

 The southwest region of Bangladesh comprises the world’s largest single track of 
mangrove forest—the Sundarbans. It is located at the southern extremity of the 
Ganges river delta bordering the Bay of Bengal. The mangrove forest extends 80 km 
inland from the coast and is bounded on the east by the  Baleswar  river and on the 
west by the Ichamati–Raimongal river. The Sundarbans alone constitute 40 % of the 
forest lands under the jurisdiction of the Forest Department and 24 % of the total 
forest area of Bangladesh. Its area is 577,100 ha (6,017 km 2 ) including 407,100 ha 
of mangrove forest and 170,000 ha of river channels, canals and creeks. 

 The topographical distribution of Sundarbans varies from 0.5 to 4.0 m with 
respect to PWD datum. Inside the Sundarbans the tidal fl uctuation ranges from 1.5 
to 2.5 m. Approximately 70 % of the land lies between 1.5 and 3.0 m elevation, 
which goes under water in regular tidal fl ooding twice a day. But almost 85 % of the 
land goes under water during high tide in the monsoon season. 

 The Sundarbans was declared a reserved forest in 1878 and provisions of the 
Forest Act of 1927 are applicable to this area. There are three wildlife sanctuaries 
comprising 23 % of the Sundarban Reserve Forest (SRF) in the southern part, which 
was declared a world heritage site in 1997. The natural vegetation of the Sundarbans 
is composed mainly of halophytic tree species. The forest canopy is seldom more 
than 10 m above ground level and is more or less open, permitting some direct sun-
light to reach the forest fl oor. Much of the forest is two-storied with scattered emer-
gent’s attaining a height of up to 20 m. Stem diameters are generally less than 
30–40 cm at breast height, although one or two species attain diameters up to about 
1 m. Epiphytes are common, so too are woody species parasitic on tree crowns 
(IUCN  1994 ). The trees of the Sundarbans exhibit hydrophytic and halophytic 
adaptations, which facilitate survival in waterlogged and saline conditions. Three 
ecological zones within the Sundarbans, differentiated according to salinity and 
species composition, are: (1) the freshwater zone, (2) the moderately saltwater zone 
and (3) the saltwater zone. 

 Sea level rise poses a severe threat to the Sundarbans. A possible 45 cm sea level 
rise by the year 2050 could inundate 75 % of the Sundarbans(Qureshi and Hobbie 
 1994 ). While the sea level rise may be counterbalanced by natural uplift, the extent 
of uplift is highly uncertain. It is also reported that, climate change induced higher 
evapo-transpiration, and low fl ow in winter would increase salinity. As a result, 
growth of fresh water loving species would be impaired. Eventually, the species 
offering dense canopy cover would be gradually replaced by non-woody shrubs and 
bushes. It is also feared that the overall productivity of the forest would decline 
signifi cantly (   Ahmed and Alam  1998 ). Once the quality of the forest is degraded, 
one may conclude that the rich diversity of forest fl ora and fauna would also face 
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degradation in a warmer world. The Sundarbans is home to the Royal Bengal tiger 
as well as marine turtles, crocodiles, frogs, and fresh water dolphins. With the loss 
of the Sundarbans, habitat for these species would also be lost. Whether these valu-
able species could survive elsewhere is not known.  

3.5     Adaptation Practice in Coastal Agriculture 

 Several studies are initiated to fi nd out suitable adaptation measures that have the 
potential to help farmers adapt to climate changes and to identify suitable varieties 
of crops that would be able to adapt to climate change. One of them is a study titled 
“Adaptive Crop Agriculture Including Innovative Farming Practices in the Coastal 
Zone of Bangladesh,” which was conducted in Satkhira, a coastal district of 
Bangladesh. It was conducted in partnership with Bangladesh Rice Research 
Institute, Bangladesh Agriculture Research Institute, Bangladesh Agriculture 
Research Council and Bangladesh UnnayanParishad. In order to assess and analyze 
the problems, the study team members appraised the existing fi ndings from litera-
ture review and community consultation. An attempt was made to understand the 
present and future geo-physical environment of the study area. The CROPSUIT 
model developed by CEGIS was used to estimate the physical suitability of land for 
different types of land uses or crop cultivation. Physical suitability change under 
climate change scenarios was analyzed to assess potential threats to current landuse 
practices. 

 From fi eld experiments it was found that introduction of high yielding salt toler-
ant variety  BRRIdhan47  could produce sustainable grain yield in the coastal regions. 
It was also observed that there was no salinity impact on rice production due to high 
rainfall during monsoon season. But in the later part, when the rainfall ceases, it was 
assumed that soil salinity might increase and go beyond the safe limit of rice crop 
(4 dS/m). So, salt tolerant  T. Aman varieties like  BR23 ,  BRRIdhan40  and  BRRIdhan41  
may be the solution to overcome salinity impact at the later stage.  Tomato ,  okra  and 
 aroid  were grown successfully under improved management practices with raised 
bed and mulch in the medium saline soils of Satkhira. The existing cropping pattern 
of  Fallow – T.Aman (Local)– Fallow  or  Fallow – T.Aman (Local)– Boro (Local/HYV) 
may be replaced with the pattern of  Okra  ( Dharosh )– T.aman – Boro (HYV) or  Okra  
( Dharosh )– T.aman – Tomato . It is diffi cult to confi rm a crop as adaptive under cli-
mate change situations using only one season crop related data. At least 3 years of 
experimentation will be needed to confi rm whether a crop is adaptive under climate 
change situations in the coastal region. The adapted rice and non-rice crop results 
along with their innovative farming practices may be expanded throughout the salt 
affected coastal zone of Bangladesh. 

 Several other chapters in this book also describe innovative practices in coastal 
agriculture, coastal habitat and other livelihood related issues. The readers are 
encouraged to read those chapters in connection to this sea level rise chapter.     
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    Abstract     The health and rights of populations living in urban slum settlements 
against the backdrop of increasing risks and disasters brought on by climate change 
is a key development issue of the twenty-fi rst century. The impacts of natural 
hazards as a result of climate change are unevenly distributed globally and nation-
ally, with populations in mega cities most vulnerable. Bangladesh remains riskiest 
on the global climate index and was recently ranked as one of the top countries most 
affected by extreme weather events according to recent news report. Dhaka has a 
high vulnerability of climate change as well as urban poverty. Slums settlements 
tend to be located in low lying land areas that are fl ood prone. A spatial mapping of 
approximately 7,600 households in 44 slum settlements was found to be within 
50 m of a river and risked being fl ooded. In urban slums, it was found that when 
water started pouring in, some families built bamboo platforms and shifted their 
belongings on it. In some cases, families raised their beds by putting bricks under it 
to raise the level of the beds. In some cases, families shifted to the roofs of their 
homes, if the roofs were sturdier. The situation from urban poor is dismal due to the 
overcrowding and lack of access to basic services, such as water and sanitation. 
Consequences of these living conditions include stress due to crowding, insecurity 
due to lack of housing and land tenure. These conditions worsen during fl oods and 
disasters. The absence of clear and forward-looking policies on urbanization and 
urban slum settlements discourages long-term thinking and interventions to improve 
the long-term prospects of people who live in slum settlements.  
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4.1    Introduction 

 The health and rights of populations living in urban slum settlements against the 
backdrop of increasing risks and disasters brought on by climate change is a key 
development issue of the twenty-fi rst century. According to the Fourth Assessment 
of the Intergovernmental Panel on Climate Change (IPCC) in 2007, average global 
temperatures have increased by 0.74 °C in the last 100 years, and the sea level rise 
has increased in the last decade to 3.1 mm/year compared to 1.8 mm/year for previ-
ous years (IPCC  2007 ). The world is entering a historic urban transition and in the 
last half century, the world’s urban population has increased nearly fourfold, from 
732 million in 1950 to more than 3.2 billion in 2006. For the fi rst time in history of 
the world, more people live in cities than in rural areas (Schlein and Kruger  2006 ). 
Africa now has 350 million urban dwellers, more than the population of Canada and 
the United States combined. Asia and Africa are expected to double their urban 
populations to roughly 3.4 billion by 2030 (WWI  2007 ). The “mega cities (more 
than 10 million population)” of the developing world with their rapid urbanization, 
increasing populations and growth in slum settlements can be at signifi cant risk 
from extreme weather conditions, earthquakes, fl ashfl oods, droughts, tsunamis, 
landslides, cyclones and other natural disasters (Megacities  1995 ). 

 Slums in poor cities are growing by 100,000 people per day—one person every 
second (CARE). Rural to urban migration, combined with natural population 
growth in urban areas, creates enormous, often unmet, demand for housing, ser-
vices, transport, and work, creating shack and slum settlements mushrooming in 
cities all over the world (Friel et al.  2008 ). There are now at least 750 million people 
living in urban squatter settlements without adequate shelter or basic services and 
without legal title to their land. The numbers of people living in these settlements is 
expanding so rapidly that governments are unable to keep up with the necessary 
infrastructure development and services like water and sanitation are woefully inad-
equate. The lack of legal recognition means not the absence of basic services and 
often basic rights, resulting in health risks and vulnerabilities (   Vlahov et al.  2007 ). 

 The impacts of natural hazards as a result of climate change are unevenly distrib-
uted globally and nationally, with populations in mega cities most vulnerable. By 
2015 there will be 33 mega-cities with populations over 8 million; 28 in developing 
countries and 21 are in coastal locations (Kreimer et al.  2003 ). In this paper, we 
examine the interrelations between urban poverty, climate change and resulting 
risks and health vulnerabilities for poor urban slum populations in Dhaka, 
Bangladesh. 

 Dhaka, the capital city is projected to become the fourth largest city with 22 mil-
lion population in the world by 2025, due to its rapid urban migration and growth in 
urban slum populations (Table  4.1 : UN  2007 ; ICDDR and ACPR  2008 ). Dhaka has 
grown from a 2.2 million population in 1975, to 13.5 million in 2007. This fast- 
paced growth has resulted in widespread urban poverty—25 % of the urban pop-
ulation lives in urban settlements of which one-third is urban slums (UN  2007 ). A 
majority of the slum settlements tend to be located in low-lying, fl ood prone areas, 
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with poor drainage, limited formal garbage disposal and minimal access to safe 
water and sanitation and services, and face unimportance by the State. The condi-
tions of high population density and poor sanitation exacerbate the spread of disease 
and other kinds of vulnerability particularly during disasters (   Rashid  2000 ).

   In Bangladesh, discussions and research on climate change and its impact on 
cities and urban poor populations remain a new area of research and little is known. 
While these statistics are useful to indicate the importance of climate change, local 
policymakers require more concrete information at the local level, such as, indica-
tors to measure the impact of various natural hazards, disaster risk management and 
the public health risks associated with changes in temperature and precipitation and 
incidences of asthma, malaria and other waterborne diseases, and other social and 
economic impacts due to fl ooding and lack of proper drainage and sanitation facili-
ties. Presently all of the major urban centers of the country have slum and squatter 
settlements, with the largest concentrations being in Dhaka with 4,966, followed by 
Chittagong 1,814, Khulna 520, Sylhet 756 and Rajshahi 641 slums and the rest are 
scattered throughout the country (Islam et al.  2006 ). In comparison to rural areas of 
the country, documentation on the lives of urban poor populations has been less 
rigorous and scanty. Viewed as “illegal settlers” by the government; there has been 
an overall neglect and exclusion of urban slum populations from long-term baseline 
studies, with few in-depth documentation of their needs, health and status. Drawing 
on the literature available, the paper will provide an insight into the growth of urban 
settlements, the resulting risks of climate change faced by urban slum populations 
who cope with fl oods and other kinds of disruptions, given their marginal status. It 
hoped that the paper will contribute to any steps government and agencies can take 
to reduce risks and thereby develop better planning to mitigate the effects of climate 
change on urban slum populations (Megacities  1995 ). 

 The chapter is structured into three main sections; the fi rst section deals with 
climate change and the situation in Bangladesh; the second section describes the 
growth of urban slum settlements and their marginalized status, and the fi nal section 
draws on secondary data to share stories of urban families who suffer from increas-
ing fl ood risks due to climate change.  

   Table 4.1    Population trend of Bangladesh and Dhaka city, 1974–2025   

 Census year  1974  1981  1991  2001  2007  2011  2025 

 Bangladesh population 
size (million) 

 71.5  87.1  106.3  124.4  –  142.3  188.1 a  

 Average annual growth rate %  –  2.32  2.01  1.58  –  1.34  1.34 

 Dhaka Urban population 
size (million) 

 2.2  13.5  22.0 

 Average annual growth rate %  5.64 b   2.72 b  

   Sources : 2011 Population & Housing Census: Preliminary Results; World Urbanization Prospects: 
The 2007 Revision, p. 11 
  a Projected population 
  b Average annual growth rates for the year 1975–2007 and 2007–2025 respectively  
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4.2     Climate Change 

 There are extreme climate changes occurring in Asia with temperatures rising and 
heat waves recorded in China, Russia, Mongolia, Korea, Japan, India and South 
East Asia. There have been increased and erratic rainfall induced frequent fl oods in 
Bangladesh, India, China and South East Asia. Cyclones and typhoons have affected 
Bangladesh, India, Philippines, Japan and China. Sea level rise and increased salin-
ity are occurring in Bangladesh, India, Maldives, Sri Lanka, Indonesia and South 
East Asia. Droughts have affected South Asia including India and Bangladesh, as 
well as China and Mongolia. It is reported that the number of recorded disasters 
doubled globally from approximately 200 to over 400 per year in the past two 
decades, with nine out of 10 disasters now viewed as climate related (Mallick  2008 ). 

 The environmental and health outcomes of climate change impact unequally 
across regions and populations. In 2000, climate change accrued to that point causing 
a conservative estimate of 150,000 deaths. Although the poorest one billion people 
account for around 3 % of the world’s total carbon footprint, the deaths were almost 
entirely confi ned to the world’s poorest populations (Mallick  2008 ). The irony is 
that the vast majority of the people at risk have contributed almost nothing to the 
ongoing warming of the climate (Ali  1999 ). 

 Extensive climate changes may alter and threaten the living conditions of much 
of the world, with a sudden increase of large-scale migration because of climate 
induced human displacement. These may lead to greater competition for the earth’s 
resources (land, water, agriculture, food, forest, biodiversity) particularly in the 
developing countries. Such changes place heavy burdens on the world’s poor countries 
and most vulnerable communities (Mallick  2008 ). 

 In a series of articles published in  Environment and Urbanization , the vulnerabil-
ity of cities in relation to climate change is analyzed. It is predicted that the sea-level 
rise will create additional fl ooding risks for the 600 million people living in low-
elevation coastal zones (Fig.  4.1 ). A high proportion of the urban population in 
low- and middle-income countries live within the Low-Elevation Coastal Zone 
(LECZ): the continuous area along the coast that is less than 10 m above sea level. 
Bangladesh is one of the nations with a large urban population in the LECZ.

   Simulations by University of Middlesex, UK, suggest that South Asia will be 
massively affected, with up to 55 million people affected by fl ooding, if there is no 
change in their present levels of CO 2  emissions and atmospheric warming (Streatfi eld 
and Karar  2008  and no. 9). Higher temperatures will increase the risk of direct heat 
effects (heat stroke and reduced work ability due to heat). Urban air pollution will 
be exacerbated. This is truly an issue with major inequity consequences not only for 
health but for economic and social equity as well (   Oxfam  2007 ). Among the conse-
quences of a hotter climate, heat waves are an obvious concern. Poor people living 
in cities unable to afford air-conditioning as a means to reduce the health risks, 
while air-conditioning is in itself a contributor to the heat island effect and climate 
change. High temperatures will also jeopardize people’s ability to carry out heavy 
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work, which indirectly has negative effects on their income (   Kjellstrom  2000 ; 
Hogstedt et al.    2007 ). 

 Bangladesh remains riskiest on the global climate index and was recently ranked 
as one of the top countries most affected by extreme weather events according to 
recent news report. The country was placed at the top of the position with a death 
toll of 4,729 in 2007 due to the natural calamities with an additional absolute loss of 
property worth more than $10 billion dollars (Germanwatch  2008 ). Bangladesh has 
faced extreme hazards with recent severe fl oods: 1988, 1998; 2004; and 2007; 
cyclones and tidal surges in 1991, 1998, 2000, 2004, 2007 (Table  4.2 ); and salinity 
and water logging in coastal zones and drought, heat stress and erratic and untimely 
rainfall (Mallick  2008 ).

   The country is one of the most densely populated in the world and there is a high 
dependency on natural resources for subsistence, making Bangladeshis particularly 
vulnerable to climate shifts. Increased storm intensity could potentially worsen sea-
sonal fl ooding that occurs in many parts of the country, while persistent drought is 
predicted in the North-West and rising sea levels may threaten low-lying coastal 
areas in the South if interventions are not forthcoming. These impacts may be exac-
erbated by demographic and social factors. 

  Fig. 4.1    People at risk in urban coastal zones. Nations with the largest urban populations in the 
LECZ. Nations with the highest proportion of their urban populations in the LECZ.  Source : 
Satterthwaite et al. ( 2007 )       
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 In Bangladesh river erosion is believed to swallow nearly 25,000 acres (10,000 ha) 
each year, leaving some 60,000 people homeless. It is predicted to consume 
3,575 km 2  by 2025. The Brahmaputra and Jamuna rivers alone are said to have con-
tributed to one million rural inhabitants being driven into poverty, and forced to 
relocate, with the trend in recent decades of moving to cities in search of work 
(Streatfi eld and Karar  2008 ). It is predicted that over 35 millions will be climate 
refugees in Bangladesh by 2050 with increased rural-to-urban migration to cities, if 
fl ooding and drought make rural livelihoods less tenable. 

 Dhaka city remains extremely vulnerable. It is located between four fl ood-prone 
rivers in the most densely packed nation in Asia, and lies between the Himalaya 
mountain range and a body of water that not only generates violent cyclones and the 
occasional tsunami, but also moves further inland every year, washing away farm-
land, contaminating drinking water, submerging fertile deltas, and displacing villag-
ers as it approaches. As a consequence, rural villagers migrate to Dhaka. It is 
estimated 300,000–400,000 migrants, mostly poor, arrive to the city annually 
(   World Bank  2006 ) making Dhaka one of the world’s largest megacities and also 
one of the most unplanned urban centres (Fig.  4.2 ).

  Table 4.2    Flood affected 
areas in major fl oods since 
the 60s (area of Bangladesh: 
1,48,393 km 2 )  

 Year of fl ooding 
 Flood-affected 
area (km 2 )  % of total area 

 1954  36,780  24.8 
 1955  38,850  26.2 
 1974  52,520  35.4 
 1987  57,270  38.6 
 1988  77,700  52.4 
 1998 a   1,00,000  67.4 

   a  Source : GOB web site as of 26 September 1998 
(  http://www.bangladeshonline.com/gob/fl ood98    )  

  Fig. 4.2    Korail Slum at Mohakhali of Dhaka City in Bangladesh (photo credit: Kim Streatfi eld)       
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   It is reported that the melting of glaciers and snow in the Himalayas, along with 
increasing rainfall attributable to climate change, will lead to more fl ooding in 
Bangladesh in general, especially in cities located near the coast and in the delta 
region, including Dhaka. Researchers studying the impact of climate change on 
Dhaka predict that the city will be affected primarily in two major ways: fl ooding 
and drainage congestion and heat stress. The elevation in Dhaka ranges between 2 
and 13 m above sea level, which means that even a slight rise in sea level is likely to 
engulf large parts of the city. Moreover, high urban growth rates and high urban 
densities have already made Dhaka more susceptible to human-induced environ-
mental disasters (UN Habitat  2009 ). 

 On arrival to Dhaka many rural migrants are unable to afford proper housing and 
turn to live slum settlements, on empty government or private land in congested 
crowded settlements, and remain vulnerable to sudden eviction by the government 
(Fig.  4.3 ). Viewed as “illegal residents” urban slum settlements are generally excluded 
from public sector resources, severely limiting residents’ access to formal education, 
health care services and water and sanitation. Bangladesh does not have a compre-
hensive policy on urban slums. Implicit in the lack of urban policy in the country is 
the assumption that slum settlements are a transitory and passing phenomenon, 
something that can be remedied by programs for the rural poor to stem migration. 
This assumption has resulted in the denial of special programs for the urban poor and 
with the rate of urbanization increasing rapidly (Rashid  2009 ).

  Fig. 4.3    A small slum in Dhaka city as it sits precariously on the edge of a lake, and in contrast 
are some expensive apartment complexes (photo credit: Alayne Adams)       
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   Slums settlements tend to be located in low lying land areas that are fl ood prone. 
A spatial mapping of approximately 7,600 households in 44 slum settlements was 
found to be within 50 m of a river and risked being fl ooded (Islam et al.  2006 ; World 
Bank  2006 ). Of the 9,048 slum settlements mapped by Islam et al., only 10 % had 
suffi cient drainage to avoid water-logging during heavy rains (2006). The mapping 
also found that the problems associated with fl ooding are aggravated by poor qual-
ity housing and overcrowding. It was found that more than one-third of Dhaka’s 
urban population lived in housing where almost all the structures were too weak to 
withstand large-scale environmental disasters. Although Bangladesh has among the 
highest population densities in the world (at 1,415 persons per km 2 ), the population 
density in slums is roughly 200 times greater and given that nearly all slums are 
mainly single-storey structures, this fi gure is shocking. Approximately 80 % of the 
slum population in Dhaka lives in dense slum clusters of between 500 and 1,500 
persons per acre with more than 90 % of slum dwellers sharing a single room with 
three or more people (Islam et al.  2006 ). 

 In terms of employment the urban poor remain excluded mainstream job oppor-
tunities. They are mostly engaged in low paid, labor intensive work in the informal 
sector as they lack specifi c skills and unable to gain entry into the more competitive 
formal sectors of urban employment. A survey conducted in 2006 in Dhaka of 500 
households in slum settlements found that 29 % of males pulled rickshaws (three 
wheeled bicycle taxis) in the city. Most rickshaw pullers tend to be illiterate and 
have no formal employment training. Another 23 % were involved in street 
peddling and petty trading (e.g. selling fruit/vegetables, towels, cheap merchandise, 
etc). The poor also worked in other occupations like construction work (6 %), driving 
and transport (5 %), garments and factory work (5 %) and domestic help (8 %). A 
much smaller portion had access to some education and worked in low grade gov-
ernment and semi-government institutions. Usually, the available low-skilled jobs 
are temporary; leaving the urban poor particularly vulnerable to fl uctuations in the 
economy, and loss of work was one of the most devastating shocks they can face. In 
a survey of 500 households it was found that 35 % of people had been underem-
ployed at least once during the survey year (Hossain  2006 ). 

 In terms of access to basic services, a review of the situation on health services 
for urban poor people who live in slum settlements found that only 7.3 % of slum 
settlements in Dhaka city have access to a public health clinic and only 26 % have 
a government school (World Bank  2006 ). The mapping of slums in the country 
found 70 % of slum settlements had no access to safe latrines. In nearly all slum 
settlements latrines were shared by a number of households, in half latrines were 
shared by at least 6 families (30 or more persons) (Islam et al.  2006 ). Another study 
reported out of 1,925 slum settlements identifi ed, only 43 were within 100 m of a 
public toilet. One of the largest slum settlement,  Korail basti  in Banani, Dhaka city 
with more than 12,000 households did not have a single public toilet or health clinic 
(World Bank  2006 ). Problems of poor sanitation and drainage are endemic, and of 
the 9,048 slum settlements surveyed, 26.5 % had experienced full fl ooding during 
the rainy season (Islam et al.  2006 ). 
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 A recent study indicates that slum settlements are growing at over 7 % per annum, 
implying a doubling time of less than a decade. The inevitable consequence of this 
situation will be urbanization on a scale which risks overwhelming the capacity of 
the urban authorities to provide housing, water and sanitation, healthcare, education, 
and other essential services to incoming migrants. Urban dwellers lack land to grow 
food, and are dependent on markets, but without an income, they cannot buy food. 
They also lack infrastructural support and resources and family support networks 
which they might have in a rural situation (Rashid  2005 ). 

 Streatfi eld and Karar review of studies on challenges of urbanization suggests 
that Bangladesh is close to the limits of availability of agricultural land and produc-
tivity (Streatfi eld and Karar  2008 ), at least in the short-term and with future rapid 
urban growth water is likely to be a limiting factor. While the recommended allow-
ance of water is around 200 l/day per person (for all purposes), many slum-dwellers 
manage with less than 10 l/day. With the Dhaka population increasing by over 
300,000 persons each year, theoretically needing six million additional liter per day, 
the numbers limited to this inadequate amount or less, will undoubtedly increase. 
The health implications are clear, where populations are growing, water is becoming 
increasingly scarce and sanitation is poor and not improving, water-borne diseases 
are very likely to become a serious problem again. In addition, air-borne diseases, 
such as infl uenza, pneumonia, and TB, all of which tends to be compounded by 
climate change (Streatfi eld and Karar  2008 ).  

4.3     Slum Dwellers at Increased Health Risk in Bangladesh 

 Climate change increases both frequency and intensity of natural disasters. The 
negative consequences of climate change are likely to be felt especially by the urban 
poor who live in fl ood-prone and water-logged areas and remain neglected from 
government interventions. A rapid assessment on the impact of fl oods in 1998 by 
BRAC found that fl ooding was a major problem in a number of the slum settlements 
in Dhaka city, leaving thousands of families socially, economically and physically 
vulnerable and adversely affected. Climate changes are not only a destructive effec-
tive to slum dwellers, but also for the general population as whole. Recently Haque 
et al. ( 2012 ) had conducted a cross-sectional study among 450 senior household 
members (male/female ratio: 112.3) in two villages—one from the northern part 
(Rajshahi district) and other from the southern part (Khulna district) of Bangladesh. 
This study had reported that more than seven types of immediate problems from 
changes in heat and cold were due to changing of heat and cold were mentioned by 
respondents (Table  4.3 ), such as health and hygiene, production loss, working hour 
losses, poor crop growth and yield, over irrigation and increased illness incidence. 
Moreover, this study had also confi rmed the most frequently reoccurred cold/cough/
fever, dysentery, headaches, diarrhea, skin diseases, burning sensation, conjunctivi-
tis, jaundice, blisters, asthma, pox, weight loss and pneumonia in relation to extreme 
and/or irregular patterns of heat, cold and rainfall. Similar data are missing in urban 
areas where the extreme cold and heat is highly prevalent.
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   Table 4.3    Perceived problems due to climate changes in rural two villages (i.e. extreme heat and 
cold, n = 450)   

 Perceived problems due to 
extreme climate variability 

 Heat   Cold  

 Consequences 
of the problems 

 Yes 
(%) 

 No 
(%) 

 Yes 
(%) 

 No 
(%) 

 Perceived problems due to heat 
 Problems with drinking water  70.7  29.3  Health and hygiene 
 Can’t cultivate the crops in due time  75.8  4.7  Production loss 
 Growths of crops has decreased  78.2  2.2  Production loss 
 yield of crops has decreased  77.1  3.1  Production loss 
 Can’t go outside of house due to 

extreme heat 
 87.3  9.3  working hour loss 

 Have to work hard for irrigation  80.8  1.1  Extra work 
 Diseases/health problems/sickness 

has increased 
 96.2  3.1  Health problem 

 Perceived problems due to heat 
 Boro (summer paddy) can’t be 

cultivated timely 
 68.9  3.1  Food shortage 

 Boro (summer paddy) seedbed 
can’t be shown 

 70.9  0.9  Production loss, 
food shortage 

 Potato cultivation is hampered  16.2  49.3  Food production loss 
 Betel leaf fi eld is hampered  63.6  1.6  Cash crop loss 
 Robi (winter crops) crops can’t 

be cultivated 
 47.1  26.2  Cash crop loss 

 Potato cultivation is hampered 
because of dense fog 

 60.7  2.7  Cash crop loss 

 Flowering /blooming is delayed  47.1  16.5  Cash & food loss 
 Color of the crops has faded  45.1  17.5  Cash loss 
 Mango infl orescence is hampered 

due to heavy fog 
 46.0  16.8  Cash & food loss 

   Source : Haque et al. ( 2012 )  

      Water and Sanitation 

    Water availability is mainly dependent on the climate change, and the surface water 
availability depends on the timing and volume of rainfall. Inadequate access to 
improved water and sanitation has long been recognized as the resultants of the 
current burden of disease, particularly for the high rates of infant mortality in 
deprived urban areas (Kovats and Akhtar  2008 ). Socio-economic status at household 
level, particularly for the urban poor, is the root cause for the lack of access to 
improved water. However, cities in both high- and low-income countries have 
experienced failures in supply due to extreme drought events. It is also known that 
access to water within cities is not equally distributed, and any reductions in supply 
are likely to have a greater impact on pro-poor populations. 

 Floodwaters in slums can mix with raw sewage and breed water-borne diseases, 
such as diarrhoea, typhoid and scabies. Water supplies also become contaminated 
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during fl oods, as pipes in slum areas are likely to be damaged or to leak. In a number 
of urban areas where the few available tube wells were submerged by fl ood waters, 
people collected water from schools, mosques or other places where the water 
sources were not inundated. Some boiled water or used alum/tablet (accessed from 
non governmental organizations) for purifying water. Some in the  Katasoor 
Beribadh  area of Dhaka city stated that they had to buy water “.... we also buy water 
from the owner of the deep tubewell....sometimes depending on the person it costs 
us Tk 10, 20 or 30.” The women had to go on boat across to the main road to access 
water, “.... we have to walk to where the supply line is and then stand for a long 
time, and then we get our water. But it is free.” Not everyone, however, could afford 
to buy water or wait in long queues, and basically resorted to drinking whatever 
dirty water was available. The common declaration was, “What to do, Apa?” 

 Many of the families swam to the nearest tube-well or available water source to 
access water for the households. One woman said, “Everyday my youngest daugh-
ter swam to the tubewell with a dekchi (cooking pot) and waited in the chest-deep 
water for a long time. After a great struggle she managed to collect one dekchi of 
water which I used for the whole day.” This one pot of water was a precious asset 
for them and they had to use it very carefully for all their activities—cooking, wash-
ing and drinking. 

 Sanitation posed a serious problem, especially for women and young female 
adolescents. As men were generally more mobile, they went by rafts or boats to a 
distant area for defecation. The men also used trees and even rafts for this purpose. 
However, for women the situation was much more diffi cult and they spoke of shame 
and insecurity. Many of the women waited till dusk to defecate “…we go to attend 
nature’s call early in the morning or very late in the evening…this is ‘shorom’ 
(shameful) for us…you are a woman, you know what it is like.” Some used to def-
ecate inside the house in polythene bags and others used to defecate deep in the 
fl oodwater while bathing. Sometimes, they could not fi nd bushes to defecate because 
these were inundated. Poor urban women voiced their shame and embarrassment 
and often said, “what to do now…we put our thing (feces) in polythene packets or 
kagoj (paper) and throw it into the water....we don’t have a choice but we feel very 
badly about this….” A few girls explained that they were so embarrassed to go to 
the toilet in public that they would wait till late at night when no one could see. One 
young girl explained her situation, “I just held it in- I would try not to go unless I 
really had to! What I would do is not eat at all sometimes or eat less so that I would 
not have to go to the toilet at all… then when I just couldn’t anymore, I would and 
stand in the jol (water) and do it there. So much shame this is - To be out there in the 
open like this and do this - I felt so bad about it!” 

 In the less fl ooded slums, some of the residents devised a system of “hanging 
latrines”—precarious bamboo platforms raised a few feet above the ground, or water, 
and screened with rags with sewage and fi lth building around the vicinity. It was 
observed that the sanitation in public shelters were fi lthy as children defecated every-
where. Infants crawled and played in the faeces and dirt, mostly unattended, risking 
their health. Although the authority at the shelter got some bleaching powder to clean 
the latrines, the limited stock meant that the conditions were extremely unhygienic. 
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 In some of the urban areas makeshift latrines were made on water bodies with 
bamboo poles and old clothes, especially for women. A few mentioned the indignity 
they faced as they were forced to take baths in front of the  para  (neighborhood) men 
and outsiders “…all of us bathe together, we take turn for having a bath by the side 
of the road… ‘kee ar korbo’ (what else to do).” Women also spoke of drinking less 
water and eating less food so that they would urinate and defecate less frequently. In 
desperation, one marooned woman in the urban slum lamented “…we cannot eat 
properly, we cannot bathe properly and we cannot leave the house to (use toilet)…
what to do?”  

    Health Hazard Risk 

 Impacts of climate change on human health is newly emerged as the greatest con-
cern which is happened due to changes in freshwater resources, food supplies and 
increases in extreme weather events such as fl oods and droughts (Table  4.4 : Kovats 
and Akhtar  2008 ).

   During the fl oods, it was observed that the water often rose above the tops of the 
stilts supporting some homes, fl ooding the fl oors and tiny alleyways with dead ver-
min, human faeces and other refuse. Disease was especially rife during this time. 
Fevers, diarrhoea, dysentery, scabies and tuberculosis often combine with malnour-
ishment to impact on the weakest and most vulnerable among the very young and 
elderly. In the fl ooded slum areas visited, people were found to be increasingly suf-
fering from respiratory infections, skin diseases and diarrhoea. Fungal infection on 
the skin of the legs due to prolonged submersion in dirty water was commonly 
observed. In addition to this, most of the respondents complained about developing 
sores on their feet and various skin diseases from walking in the fi lthy water. 

 People in the interviews complained of fevers and high temperatures. “Apa, my 
mother-in-law is so sick, because of all this dirty water.” Another woman said, “My 
son is very sick, for the last few days he has dysentery and is very sick…” One two- 
month old child already died of diarrhoea in a public shelter (where families were 
taking refuge from the fl oods), while many children and adults were reported to be 
suffering from various illnesses (Karim et al.  1999 ). Most of the families struggling 
with loss of homes, dirty fl ood waters and lack of sanitation, had very little money 
or opportunity of seeking treatment for their ailments. Some of the slum women 
admitted quietly to taking their sick children to the local “huzur” (religious leader) 
or a “fakirani” (female faith healer). A woman complained of the lack of support 
services available for her children and her family, “…my son is so sick from ‘amasha’ 
(dysentery)…but there is no one around…where do we go?” Slum residents com-
plained that few community health workers, if at all, either from government or 
NGOs came to visit and give medicine. Usually slum residents took treatment from 
nearby pharmacies or from general practitioners. But all the pharmacies were under 
water and the chambers of the private practitioners were also closed. The situation 
was worse for pregnant women; and two had already given birth (at the time of 
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survey) and moved to their relative’s homes. Another two women were living at a 
shelter and were on the verge of delivering but there were no facilities to assist the 
pregnant women in case of emergencies. The pregnant women were in a diffi cult 
situation in the shelter with restricted mobility, little privacy, and living in extremely 
congested and unhygienic conditions. Many families spoke of the helplessness of 
waiting desperately for support and the uncertainty of their situation.   

4.4     Shelter and Insecurity 

 People in urban slums hung on to their own homes as long as possible until the 
water level compelled them to abandon their belongings. In urban slums, it was 
found that when water started pouring in, some families built bamboo platforms and 
shifted their belongings on it. In some cases, families raised their beds by putting 
bricks under it to raise the level of the beds. In some cases, families shifted to the 
roofs of their homes, if the roofs were sturdier. When everything was inundated, 
families reluctantly took shelter in nearby schools, or empty under-construction 
buildings (in urban area) or on nearby embankments or culverts. Where these were 
not available, they moved to take shelter by the side of the highways in makeshift 
shelters made with plastic sheets on bamboo frames. A woman said, “…my house 
is submerged, we sleep on the pucca rasta (main road)…what to do if there is 

   Table 4.4    Summary of known effect of weather and climate on health   

 Health outcome  Known effects of weather 

 Heat stress  • Deaths from cardio-respiratory diseases increase with high 
and low temperatures 

 • Heat-related illness and death due to heat waves 
 Air pollution-related 

mortality 
and morbidity 

 • Weather affects air pollutant concentrations 
 • Weather affects distribution, seasonality and production of 

aeroallergens 
 Health impacts of 

weather disasters 
 • Floods, landslides and windstorms cause direct effects (deaths 

and injuries) and indirect effects (infectious diseases, loss of 
food supplies, long-term psychological morbidity) 

 Mosquito-borne 
diseases, tick-borne 
diseases (e.g. malaria, 
dengue) 

 • Higher temperatures reduce the development time of pathogens 
in vectors and increase potential transmission to humans 

 • Vector species require specifi c climate conditions (temperature, 
humidity) to be suffi ciently abundant to maintain transmission 

 Water-/food-borne 
diseases 

 • Survival of important bacterial pathogens is related to 
temperature 

 • Extreme rainfall can affect the transport of disease organisms 
into the water supply. Outbreaks of water-borne diseases have 
been associated with contamination caused by heavy rainfall 
and fl ooding, associated with inadequate sanitation. 

 • Increases in drought conditions may affect water availability 
and water quality (chemical and microbiological load) due to 
extreme low fl ows. 
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nowhere else to go…?” The most devastating loss for the poor was the irreparable 
damage done to their homes. For the urban poor, security is having a roof over their 
heads. The women and men repeatedly cried over the loss of their homes. A group 
of men remarked “we have lost everything. Without our homes we have nothing and 
now our houses are gone, broken and destroyed....” Their sense of despair and utter 
helplessness at their present situation was overwhelming. 

 An important concern was the high incidence of theft occurring when families 
left their belongings and sought temporary shelter elsewhere .  A woman narrated, 
“when we went for shelter, our fans and other items such as clothing and utensils 
were all stolen. Pieces of our tin roof was taken.” One woman exclaimed, “Apa, 
what are we going to do, sort out our utensils and belongings or buy food? All we 
have is our home and now we have nothing, no tin, no home, everything is fl ooded!” 
Some remained awake in the night to guard against thieves. One man said, “I remained 
awake almost every night. There was darkness all around as there was no electricity. 
We used to hear rumors about looting in different parts of the city. I therefore kept 
watch on all the directions throughout the night. I only slept when I could not stay 
awake anymore.” (Zaman  1999 ). 

 Several fl ood studies documenting people displaced by the fl oods found that 
slum dwellers do not re-locate too far from their original residing place. They prefer 
to remain nearby, in the hope that the area will remain undamaged. Many families 
also worried about theft and loss of hard earned goods in their homes, such as tins 
or electrical goods such as fans and utensils (Rashid  1999 ). As one man said, “when 
we went to relief camp our fans and other household items such as clothing and 
utensils were all stolen…you see that woman – pieces of her tin roof was taken 
away.” A woman sadly said, “I stay awake all night to guard our household materials 
now that our house is under water; the children sleep next to me (on a polythene old 
torn sheet on the roadside) and I try to get some sleep but it is diffi cult to sit and 
watch and also sleep but these are my only belongings.” 

 Sexual harassment and lack of privacy were important concerns for young 
women and their families who had moved to public shelters for refuge during the 
fl oods. In a number of interviews, families reported the harassment of their daughters 
and women by thugs and local goons in the shelters but were unable to do much as 
many of them had become separated from their networks of support and had little 
control over their new surroundings. One fl ood shelter in a school of Dhaka city 
near Sobhanbagh area had young women and their families from the neighboring 
slums seeking shelter and protection from the fl oods. There were reports of some 
“outsiders” who in collision with some miscreants from within the shelter attempted 
to sexually harass young women. Due to limited space, the slum dwellers irrespec-
tive of gender and age had to sleep near one another, leaving young girls and single 
young women (without male guardians) vulnerable especially after dark. Many 
parents and guardians shared their anxieties, “Our daughters or daughters-in-law 
stay awake in fear of harassment. We cannot sleep either.” 

 Women and young girls spoke of having their modesty compromised as they had 
to use common latrine facilities, bathe and sleep in full view of male strangers. For 
the girls living in shelters, the particular concerns were to live with strangers, 
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especially men and to be at risk of exposing parts of their body. A young girl living 
in a relief camp shared her distress regarding her new living arrangements: “Can 
you imagine the lajja (shame) for us girls? We had to stay in this in room and have 
to change our clothes, eat, sleep and do everything there for more than two months! 
When I was sleeping I would think to myself - how am I sleeping?” For young girls 
who were menstruating, the lack of privacy made it diffi cult for them to wash their 
cloth and dry it. Two younger women mentioned the problems with washing their 
menstrual cloths, “where will we wash it and dry it…there is no space to dry the 
cloths or to wash in clean water…” A young woman explained, “I didn’t feel good 
having it [periods] during this time because I felt lajja (shame) in front of all these 
men. It is already diffi cult to wash and because there is dirty water everywhere one 
cannot even bathe properly and the cloth does not even dry quickly. The blood is 
dirty blood and I just felt very unclean and dirty all the time!” The feeling of dirti-
ness was also expressed by some other girls. In addition to not being able to bathe 
properly, some of the girls explained that they had diffi culty fi nding space and time 
to wash their menstrual rag without being seen by others. Due to the fl oods, there 
was limited space and most people were confi ned to cramped surroundings.  

4.5     No Income and Asset Loss 

 During any disaster situation, work and wages become scarcer for the urban poor. 
Even though, a various types of incurred asset losses were also happened due to the 
fl ood of 1998 in the rural areas as well as urban areas (Table  4.5 ). The opportunities 
for alternative income were very limited during the fl oods of 1998. The prices of 
basic food items had multiplied, with severe stress imposed on the poor who were 
dependent on daily wages for survival. Many of the women shared, “Apa, now a 
mishti kumra (pumpkin) costs 12 taka or more, and 20 taka in some places. Before 
we could buy mishti kumra for 4 or 5 taka…now how can we buy and how can we 
sell?” Most of the urban poor are unskilled, and involved in the informal sector. 
A majority tend to work in uncertain jobs as wage laborers and daily laborers. Thus, 
during the fl ood such jobs are most likely to be affected and threatened.

   All of the women and men complained of the lack of available work, “My hus-
band cannot ride a rickshaw, it costs 30 taka daily to rent but where will he go with 
it…there is fl oods everywhere…so there is no income for us.” Another woman said, 
“My husband has been sleeping for two days, he has no work because now he makes 
only 20 taka a day riding a baby taxi.” A slum resident commented, “Well my 
mateer kaj (earth cutting) is completely fi nished. There is no work for me anymore.” 
Another man said, “I used to drive the truck from here to collect sand and/or bricks 
and take it to Gulshan and Baridhara. I earned 150 to 200 taka a day…now I have 
no job and I am unemployed.” 

 A mother and daughter, both of whom would break bricks for a living, were 
unable to do any work. The daughter said, “We usually go and work in Sobhanbagh 
but now it is all fl ooded and we cannot earn any money.” Another woman, who was 
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still able to break bricks [although her place was slowly getting fl ooded], said that 
she was relying on the three takas she made per  tukri  (basket) to survive. A few 
women claimed that since their houses were completely submerged by the fl oodwa-
ter, the rent in the nearby bastis had risen, “Apa what will we do, pay rent of Tk 900 
or try and eat food to live?” Others stated, “We cannot pay 200 taka rent and also 
eat, and with no income what are we going to do?” 

 Some women complained that they were unable to continue their income earning 
activities such as selling vegetables, sugarcane, and clothes because prices had risen 
and they were unable to buy or to sell. A woman who was repaying an NGO loan 
stated, “We cannot even sell sarees anymore, where is the money to repay?” Most 
women complained that they were having diffi culties repaying loans owed, and 
resorted to borrowing from different people (loan sharks and relatives) to repay 
these loans. Thus, the consequence was further debt problems for the women and 
their families. It has been argued that the loss of one set of resources for the poor 
seriously affects the functioning of others, and disasters can send such families or 
particular members into a downward spiral, “intensifying their burdens and decreas-
ing the prospect of recovery” (Wood  1998 ). 

 Men and women also spoke of cutting down food intake and worrying about 
their next meals. In some household visits, families shared that they had gone with-
out food for a day and were managing on basic bread ( chappatis ) as they had limited 
income and options during this diffi cult period.  

   Table 4.5    Distribution of households reported to have incurred asset losses 
due to fl oods of 1998   

 % of households incurred loss 

 Rural (n = 3,505)  Urban (n = 628) 

 Homestead  87  45 
 Furniture a   44  71 
 Utensils a   30  43 
 Poultry a   58  31 
 Livestock (cow/goat)  11  2 
 Fish (from inundation of ponds)  9  – 
 Trees (nurseries and small trees)  36  – 
 Suruchi (restaurant)  3.1  – 
 Supannya (grocery)  3.0  – 
 Baby Taxi/Tempo  –  1 
 Rickshaw/Rickshaw van  –  10 
 Shop  –  9 
 Small trade (mobile)  –  25 

   a From a smaller sample of 1,226 BRAC respondents in rural area and 178 
BRAC respondents from urban area (Ahmed and Ahmed  1999 )  
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4.6     Adaptation Practices 

 Adaptation to climate change requires local knowledge, local competence and local 
capacity within local governments. It needs households and community organiza-
tions with the knowledge and capacity to act (Satterthwaite et al.  2007 ). Local gov-
ernments have the also willingness to work with lower-income groups, particularly 
who are living at urban slums settings. In the next few decades it will not be a 
problem at all for most developed and  well-organized cities with good-governance 
system, the adaptation method like structural adjustments practices would possibly 
be an effective alternative way (or good disaster preparedness) of protecting the 
risks from climate change. One example for structural adjustments practices was 
portrayed in a study after the Mumbai fl oods in 2005 (   Chatterjee  2007 ). The poor 
household resort to elevating a board to secure some of the important and expensive 
items of the household (Fig.  4.4 ). Widening and covering of drains were also applied 
in some neighborhoods where local groups collectively cleaned, widened and cov-
ered drains in the settlement before monsoons.

  Fig. 4.4    Structural adjustments by slum dwellers during Mumbai fl oods 2005, India (photo credit: 
Monalisa Chatterjee in 2007 during data collection period)       
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   Currently, there is a large defi ciency in regarding to address the successful adap-
tation technique or adaptation capacity to avoid serious or potential catastrophic 
impacts in the world. In most of the cases the local government is unwilling to 
ensure provision for infrastructure and for disaster risk reduction and disaster pre-
paredness, even though they are used to refuse to work with the inhabitants who 
have the illegal settlements. For this reason a large section of urban population turns 
into the vulnerable condition to any increases of the intensity of natural storms, 
fl oods or heat waves, and to increased risk of  a disease, constraints on water sup-
plies or increases  in food prices. These environmental disasters could be easily 
solvable for those cities – which have wealthier with better-governed systems 
(Satterthwaite et al.  2007 ). 

 Most national governments and international agencies have had little success in 
supporting successful local development in urban centres. They need to learn how 
to be far more effective in this and in supporting good local governance if they are 
to succeed in building adaptive capacity. In Bangladesh short courses on climate 
change and health for public health professionals are offered by several Public 
Health Institutions including James P Grant School of Public Health, BRAC 
University, Independent University of Bangladesh, North South University. 

 There are clear and obvious linkages between adaptation to climate change and 
most other areas of development and environmental management. However, 
currently no data base on existing activities on climate change is present in 
Bangladesh. An inventory check list of the climate change and related activities 
such as courses, research, interventions should be developed. Based on that 
information a network should be developed that could be engaged in prioritizing 
and facilitating relevant tasks.  

4.7     Conclusions 

 These calamities, which greatly affected urban slum areas, provide a wealth of infor-
mation and experience from which lessons can be culled to improve how we respond 
to future disasters. Slum populations may suffer disproportionately during a disaster 
as they remain generally marginalized and socially and economically excluded from 
basic services and support from the State. The situation from urban poor is dismal 
due to the overcrowding and lack of access to basic services, such as water and 
sanitation. Consequences of these living conditions include stress due to crowding, 
insecurity due to lack of housing and land tenure. These conditions worsen during 
fl oods and disasters. Slum populations require specialized medical attention during 
the relief phase, and could have specifi c concerns during the recovery phase, e.g. 
their ability to access appropriate health care services, etc. Experts generally agree 
that apart from taking active steps to reduce the possibility of global climate change 
itself, cities can take steps to prevent the harmful aspects of natural disasters by 
improving planning, putting in effective infrastructure adjustments, support 
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networks after the events, long term recovery and networks of loss redistribution, 
and establishing all relevant steps for disaster preparedness. While, technical solu-
tions are possible, but these solutions must also take into consideration unresolved 
development and structural inequalities, such as the city’s growing slum population, 
which has doubled in the last decade, and which shows no signs of abating. 

 In supporting the millennium development goals governments globally have 
recognized the importance of addressing the rights of people who live in slum 
settlements. However in Bangladesh and in many countries around the world, while 
the people who live in slum settlements are an integral part of the city, their right to 
live safely in the city is not recognized or protected. 

 The absence of clear and forward-looking policies on urbanization and urban 
slum settlements discourages long term thinking and interventions to improve the 
long-term prospects of people who live in slum settlements. Dhaka is the world’s 
fastest growing mega city; Bangladesh is predicted to be a megalopolis in three to 
four decades. In time this rapid increase in population density will be exacerbated 
by global warming. A sea level rise of 1.5 m will submerge 15 % of the country’s 
landmass, further contributing to Bangladesh’s exceptional population density and 
to the challenges associated with ensuring that the basic rights of the population are 
met. This future scenario emphasizes the urgency of developing strategies now to 
facilitate the management of the extreme population density that is predicted to 
characterize Bangladesh in 50–100 years.     
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    Abstract     This chapter is intended to enhance understanding of policy makers and 
practitioners on how DRR–CCA integration can be used for better risk management 
and social protections that empower the poor to build resilient communities and 
livelihoods. It is recognized that DRR and CCA from the perspective of Bangladesh 
case has tremendous commonalities between the two approaches. This chapter 
attempts to analyze that there are more advantages in the harmonized approach 
particularly from the perspectives of the benefi ciaries, local administration and 
practitioners. There are, however, factors that hinder the application of such harmo-
nized approach are (a) conceptual/paradigmatic; (b) policy issues; (c) source, 
channel, and mechanisms of funds; (d) institutional/jurisdictional; (e) political and 
power issue; (f) mechanism/procedural. This chapter begins with a global discus-
sion on the integration issue and the lessons learnt are focused on remaining 
sections to the prospect of DRR and CCA integration in Bangladesh for its impor-
tance in enhancing resilience and sustainability as well that worth advocating. The 
key convergence of DRR–CCA needs to be defi ned in different scenario of climate 
induced disasters in terms of time, intensity and level of exposures. Bangladesh 
experience of rapid onset, slow onset and recurrent disaster prone regions needs 
case specifi c treatment while adopting policy, planning and budgeting process 
from the perspective of integration of DRR–CCA. This Chapter recommends for 
(a) creating an enabling environment for cross-sectoral integration and implemen-
tation, (b) improving integrated decision making and bridging the gap between 
scientifi c knowledge and the local needs; (c) planning, implementing and evaluating 
in the context of uncertainty and (d) improving adaptation technology, targeting and 
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delivery. In conclusion what we are trying to achieve out of convergence issues is 
the paradigm shift from reactive to prevention of risks.  

  Keywords     Climate adaptation   •   Disaster risk reduction   •   Resilience   •   Social 
protection  

5.1         Introduction 

    Bangladesh is one of the world’s most vulnerable countries to hydro-meteorological 
hazards and to the impacts of climate change. In the development landscape, there 
are emerging parallel tracks of paradigms of disaster risk reduction and climate 
change adaptation yet most of the subject matter, actors, geographical coverage and, 
indeed, the very partners and benefi ciaries, are the same. With so much overlap, 
such a conceptual separation only serves to heighten the risk of fragmentation and 
of ineffi cient use of scarce resources. 

 According to the IPCC 4th Assessment Report, rainfall is predicted to be 
increased in the Himalayan catchment areas resulting in higher river fl ows in the 
monsoon seasons, causing large-scale fl ooding in Bangladesh. It is anticipated that 
5–10 % increase in cyclone and associated tidal surge reaching up to 200 km inland 
in coming years will increase the vulnerability of coastal region. 1  Increased tem-
perature has already started triggering slow desertifi cation in the north and north-
western ( Barind ) area, destroying ecosystem, depleting ground water and causing 
acute drinking water scarcity. Untimely heavy rain and repetitive fl ash fl oods destroy 
standing crops in the north-eastern region and is affecting livelihoods and food 
security, pushing thousands into poverty. Vulnerable communities at large in such 
hazard zone are struggling against chronic but increasingly severe trend of climate 
induced disasters needs social protection to overcome the development defi cit. 

 The policy discourse on DRR–CCA integration and in some cases convergence 
are to address the common concern of either vulnerability reduction or enhancing 
resilience with due consideration on adaptive social protection issues in the face of 
emerging trend of climate change and disaster risk. This calls for identifying options 
for institutional arrangements and governance structures that brings climate and 
disaster stakeholders in a single platform to promote and practice convergence of 
DRR–CCA. This issue featured prominently in the 2007 Bali Plan of Action, which 
highlights DRR as a critical tool for CCA, opening up a range of possibilities for 
integration of CCA in DRR strategies. This policy initiative will contribute to create 
an enabling environment for bringing in multi-sectoral actors to work together in a 
single platform to ensure synergistic impacts of generating effective results with 
minimization of transaction costs. 

 Understanding the current context of community based DRR and CCA in the 
region is key to identifying how the two fi elds can work together more effectively. 

1       Inter-Governmental Panel on Climate Change, Fourth Assessment Report.  
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The conceptual and practical similarities and differences of DRR and CCA have 
been the subject of several recent studies (e.g., Thomalla et al.  2006 ; Mitchell and 
van Aalst  2008 ; Venton and La Trobe  2008 ;    Mercer et al.  2010 ), which have found 
that whilst there are some political and physical distinctions between the scope of 
each fi eld there is a key area of similarity—a focus on vulnerability reduction and 
the enhancement of resilience. Thomalla et al. ( 2006 ) argue that CCA and DRR 
projects need to adopt a common approach to reducing vulnerability, as the current 
disconnected ways of working have thus far failed to make signifi cant headway 
towards vulnerability reduction. 

 A number of compelling arguments for the integration of DRR and CCA have 
been made (Glantz  2003 ; O’Brien et al.  2006 ; Lewis  2007 ) and discussions are 
occurring across scales to make this a reality. Key benefi ts of integration have been 
identifi ed as: (a) reduced climate related losses through widespread DRR measures 
(b) increased effi ciency of resources (fi nancial, human and natural, which is crucial 
when considering aid effi ciency) and (c) enhanced effectiveness and sustainability 
of CCA and DRR approaches (Venton and La Trobe  2008 ).  

5.2     Disaster Risk Reduction 

 Disaster Risk Reduction (DRR) forms an essential component of effective disaster 
risk management (DRR + Disaster Management (DM)/preparedness, response, 
recovery). The concept of DRR stems from the Bangladesh tradition of cyclone 
preparedness and fl ood control as well as relief/development aid that has been oper-
ating in the country since before the 1970s. In the early 1990s, there was a paradigm 
shift away from reactive response to preparedness and risk reduction. This was the 
start of a comprehensive approach to disaster management that covered all hazards, 
all phases and all actors and was articulated internationally through the Hyogo 
Framework for Action, and nationally through the Comprehensive Disaster 
Management Programme (CDMP), Standing Orders on Disasters (SOD), National 
Disaster Management Plan and recently approved Disaster Management Act. Each 
of these national documents related to disaster management refers strongly about 
the climate change induced disasters and adaptation issues. While national policy 
documents on climate change such as Bangladesh Climate Change Strategy and 
Action Plan highlighted disaster management as one of the pillars. 

 The conceptual framework, institution, methodologies, and practices on the 
DRR–CCA integration appraised in the Local Consultative Group of development 
partners and government agencies for Disaster Emergency Response (LCG-DER) 2  
exhibited a strong political buy-in, with the links with humanitarian coordination. 

2    Puji Pujion (2012). Presentation made in LCG Disaster Emergency Response meeting on DRR-
CCA Linkages-Grassroots Perspectives in Bangladesh, based on fi ndings of the UNDP-CDMP 
organized workshop held on 13 November 2012.  
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Practical experience from Bangladesh includes a strong funding related to social 
safety nets which is a potential area of DRR–CCA convergence for enhancing 
resilience and specifi c funding mechanism, such as the Local Disaster Risk 
Reduction Funding (LDRRF) under CDMP which takes care community based 
integrated intervention for vulnerability reduction.  

5.3     Climate Change Adaptation 

 Climate change adaptation (CCA) is part of the larger climate change paradigm that 
consists of mitigation and adaptation. It mostly originates from the environmental 
sector and has broadened to encompass global warming and climactic variability. 
CCA relates primarily to dealing with the hydro-meteorological hazards; particularly 
the medium to long term uncertainties. 

 The framework for CCA is emerging and becoming increasingly organized 
through international instruments such as the Adaptation Funds and national strate-
gies such as the National Adaptation Programme of Action and the Bangladesh 
Climate Change Strategy and Action Plan (BCCSAP 2009). CCA is also gaining 
increasing political support and attracting large scale fi nancing regimes [MOEF, 
Bangladesh Climate Change Resilience Fund (BCCRF), and Bangladesh Climate 
Change Trust Fund (BCCTF)]. However, robust delivery mechanisms are yet to be 
established. Current experience shows that a signifi cant part of these funding 
sources invested for disaster risk reduction programme such as building cyclone 
shelters, construction and reconstruction of coastal embankments and coastal 
afforestation for green defense.  

5.4     Comparing DRR and CCA Grassroots Experience 

 There are a number of key commonalities and differences between DRR and CCA 
which affect their integration (Fig.  5.1 ). It is important to note that, at the local and 
grassroots and the highest level, there is no division and that this cleavage exists at 
the sectoral administrative/bureaucratic level.

   DRR and CCA have the following differences:

•    Content: DRR has the geological and urban hazards, CCA has climactic 
hazards;  

•   Range: DRR is immediate to medium term, CCA is medium to long term;  
•   Funding sources and channels;  
•   Institutional setup: DRR with MoDMR, CCA with MOEF.    

 DRR and CCA share the following commonalities:

•    Hydro-meteorological hazards make up 80 % of the shared business;  
•   Share objectives, narratives, methods;  
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•   High level policies are already cross referencing DRR and CCA;  
•   At local and grassroots level there is no difference;  
•   Involve the same delivery agents.    

 The workshop on “DRR–CCA Integration and Grassroots experience and per-
spectives” noted that the DRR and CCA divide stems historically from two separate 
conceptual constructs that each grow into separate disciplines. 3  There are however, 
scopes and foreseen advantages for integrated approach. As evidence from the fi eld 
experience, at the grassroots level there is hardly any discernible division between 
the two approaches. This is also the case at the top level. The divide is tangible at 
the ministerial/sectoral levels, in part encouraged by the way development partners 
position their fi nancing envelopes. In this regard, Bangladesh has been head and 
shoulder above other developing countries in practicing the DRR and CCA inte-
grated approach. This workshop identifi ed the following immediate actions for 
Bangladesh to take bold step in drawing a medium term development agenda with 
integrated DRR and CCA perspectives and urge the development partner’s concur-
rence and supports.

3    UNDP Bangladesh and CDMP jointly organized workshop on “DRR-CCA Integration: Grassroots 
Perspective, held on 13 November 2012.  

  Fig. 5.1    Commonalities and differences between climate change adaptation and disaster risk 
reduction. [Puji Pujion (2012   ). Presentation made in LCG Disaster Emergency Response meeting 
on DRR–CCA Linkages-Grassroots Perspectives in Bangladesh, based on fi ndings of the UNDP- 
CDMP organized workshop held on 13 November 2012.]       
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  Advocacy 

•   Develop background/position paper and paragraph on country paper to share in 
global platforms on both climate and disaster themes.  

•   Document the good practices from the fi eld level experiences.  
•   Develop strategy to engage the private sector.   

  Policy 

•   A joint session leading to an MOU between the parliamentary Standing 
Committees on the Ministry of Disaster Management and Relief and on the 
Ministry of Environment and Forestry.  

•   A policy advocacy to be presented to the said Parliamentary Joint Session  
•   Establishment of a national policy forum on the integration of the DRR and CCA   

  Planning and Financing 

•   Assist the Planning Commission to develop national budget with the DRR and 
CCA integration  

•   Develop a 5-year plan on the DRR and CCA with the integrated perspective  
•   Undertake joint advocacy to the development partners   

  Implementation 

•   Develop a handbook for local administration on the integration of DRR and CCA  
•   Develop a toolkits for Programme Offi cers/Practitioners on the integration of 

DRR and CCA   

  Alternative Options Towards Operationalizing DRR–CCA Integration 

•   It is imperative to push for the concept of either “resilience” or “vulnerability 
reduction” to encompass both disaster and effects of climate change/variability.  

•   Possibility of designing a new framework for “Climate and Disaster Risk 
Management”.  

•   Recognize and respect the distinct differences, push for harmonization rather 
than cooperation or total integration.     

5.5     Linking CCA, DRR and Social Protection Towards 
Enhancing Resilience: A Few Issues and Practices 

 There is a growing concern that people living in vulnerable areas with poverty and 
deprivation cannot be protected solely by the promotion of economic growth. 
Specifi c interventions, targeting the most vulnerable sectors of the population, are 
increasingly considered as necessary complements to more traditional pro-growth 
policies, especially in the face of emerging climate change and unstable global 
socioeconomic scenarios as well. Social protection may be leveraged as one of the 

A. Islam and A. Sumon



77

win–win policy options for development as it is an effective input for economic 
growth and it directly reduces poverty and disaster and climate change risks by 
targeting vulnerable households. Social protection, in this chapter has been framed 
as a policy response to risk, as a human right, and as an agenda for livelihood 
building. Nonetheless, social protection is generally described as the set of public 
and private mechanisms that protect and prevent individuals and households from 
suffering the worst consequences of shocks and stresses. Its novelty lies in its 
additional attempt to promote resilient livelihoods. However, almost any public 
intervention could be considered more or less directly part of the social protection 
system. In this perspective, education policy, pension systems, health care, and 
many other development policies will fall under a very vague defi nition of social 
protection. Such a defi nition would capture the complex system of linkages between 
social protection and all other social welfare components, but would hamper our 
understanding of the specifi city of social protection in fi ghting climate induced 
disaster risk that erodes and limits livelihood opportunities and means of promoting 
economic growth. Brunori and O’Reilly ( 2010 ) reviewed and discussed the most 
infl uential defi nitions of social protection in the framework of development and aid 
policies and they explained how the operational defi nition of social protection has 
been conceived in the European Report on Development. 4  

5.5.1     Risk and Vulnerability in Agriculture 
and Rural Livelihoods 

 Livelihoods of poor rural people are characterized, threatened and affected by 
adverse shocks, and high levels of risk and vulnerability to those shocks and stresses. 
Weather-related shocks and stresses impact on agricultural production, affecting 
both small-scale producers and those working in larger-scale agriculture and non- 
agricultural enterprises in rural areas. 

 High reliance on subsistence agriculture means the impact of stresses and 
shocks (such as droughts or fl oods) are felt keenly by rural poor people who depend 
directly on agriculture for their survival. This has profound implications for liveli-
hoods security and management, and therefore for growth and welfare. However, 
shocks will not necessarily lead to detrimental impacts. Embedded risk and 
uncertainty are intrinsic to agricultural practice, inherent seasonality contributes to 
this, and there is a considerable literature and experience on coping and risk 
management strategies.  

4    Brunori and O’Reilly ( 2010 ). Workshop paper on Social Protection for Development: a Review 
of Defi nition, Background paper to the European Report on Development 2010. Available in   http://
erd.eui.eu/publications/erd-2010-publications/background-papers/social-protection-for-
development-a-review-of-defi nitions/    .  
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5.5.2     Social Protection in Agriculture and Rural Livelihoods 

 Social protection for the most vulnerable people has become a key policy response 
to risk and vulnerability in the agriculture sector. Agricultural policies can help 
people improve their livelihoods and security; the right social protection can 
complement these policies and help rural people not only to expand their assets, but 
to use them effi ciently and adopt higher return activities that might otherwise be too 
risky. In essence, this approach enhances local people’s “adaptive capacity”, which 
will assist “autonomous adaptation” (Fig.  5.2 ).

5.5.3        Disaster Risk Reduction and Livelihoods 

 Disasters have a huge impact on livelihoods and on people’s ability to cope with 
further stresses. Impacts such as loss of assets can lead to increased vulnerability of 
poor people to a “downward spiral of deepening poverty and increasing risk”. 
Disaster risk reduction aims to make livelihoods more resilient to the impacts of 
disasters, hazards and shocks before the event. 

 In agriculture, disaster risk reduction programmes have been used to lessen the 
effects of persistent food shortages. Programmes include early warning systems, 
infrastructure investment, social protection measures, risk awareness and assess-
ment, education and training, and environmental management. DRR has been 
shown to have a positive impact on agricultural and rural livelihoods.  

  Fig. 5.2    Adaptive social protection       
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5.5.4     Climate Change Adaptation: Links to DRR 
and Agriculture 

 Adaptation shares much in common with DRR in preventing harmful impacts of 
extreme events. It also brings additional challenges. While people have adopted 
practices to deal with changing weather and climate for centuries, including through 
disaster risk management, climate change leads to new risks that have not been 
experienced in recent history, including more severe drought impacts, heat-waves, 
cyclone intensity, and sea level rise. Future responses will need to be much more 
robust and, in some situations, new and innovative responses will be required. 

 Agriculture is already heavily engaged in adaptation efforts, through studies 
of water availability and crop yield, for example. More recent approaches build 
on people’s ability to cope with existing variations in climate. This is often 
poverty- focused, addressing underlying structural causes of vulnerability that 
can entrench poverty, including poor access to resources, and lack of information 
and capacity. But global processes and crises are changing, deepening risks faced 
by poor, vulnerable people in rural areas. There are likely to be impacts on food 
production and distribution systems in many parts of the world with effects on 
purchasing power. 

 There is still uncertainty around the precise impact of climate change on agricul-
tural/rural livelihoods. Even so, some studies suggest that the effects overall will be 
negative for developing countries: “The impact of climate change on food security 
will be higher in those countries with low economic growth potential that currently 
have high malnourishment levels” (FAO  2005 :3). These impacts will interact 
directly with other issues such as changing pest and disease patterns, compounding 
problems already faced by poor rural people over the longer term. 

 There is not so much focus on the gradual changes of CC—reactive approach to 
large scale visible impacts—need to be proactive to the chronic changes of CC 
which can and will lead to disasters of another sort. The process we go through is 
not about inventing new tools or new pathways to development—it is about doing 
better within the context of climate change. Many existing frameworks for sustain-
able development and livelihoods and for disaster risk reduction are relevant tools 
which can be adapted to incorporate responses to known CC impacts. However, 
there is a real need to connect the scientifi c community to the local scale where 
these changes and coping mechanisms are taking place.   

5.6     Suggested Institutional Arrangement Towards 
DRR–CCA Integration 

 Functional interaction and sequences for institutional arrangements and governance 
structures that may bring climate and disaster stakeholders in a single platform to 
promote and practice convergence of DRR–CCA towards achieving the 
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transformational change is suggested in the following Fig.  5.3 . This converging 
initiative may be guided by some information based decision making tools such GIS 
based multi- hazard trend, climate environment and disaster data based composite 
vulnerability index and available climate and disaster indicators, household survey 
based shocks and so on. Scientifi c data generation on climate and disaster impact on 
the vulnerable community will drive the decision making, programming and 
resource allocation process. This will create enabling environment for bringing 
stakeholders together in a single platform to ensure synergistic results with minimi-
zation of transaction costs.

   Learning from the fi eld experience reveals the fact that CCA and DRR projects 
need to adopt a common approach to reducing vulnerability, as the current discon-
nected ways of working have thus far failed to make signifi cant headway towards 
vulnerability reduction. We have observed that whilst there are some political, eco-
systems and physical distinctions between the scopes of each fi eld but there is a key 
area of similarity with a focus on vulnerability reduction and the enhancement of 
resilience. 

 Climate system is fundamental for both issues (DRR as well as CC). In 
Bangladesh case more than 75 % of all disasters originate in weather–climate 
extreme. DRR and CCA strategies are both aimed at enhancing sustainability, 
resilient societies and human security and share similar sectoral focus, complexities 
and challenges, relying on same type of measures and policies (e.g. Water Policy, 
Coastal Zone Policy, and Five Year Plan etc.). DRR offers opportunities for “bottom-
 up” strategies for adaptation to current climate variability including climate extremes 
can promote early adaptation to climate change. 

Policy Streams

DRR

CCA

Upstream Policy
Level

Downstream 
Local Level

Convergence
Transformational 

Change

- Vulnerability Index
- Indicators Framework
- Climate Fiscal 
  Framework

- Joint Programming
- Coordinated 
  implementation

- Institutional Mechanism
- Policy adjustment
- Financial allocation 

  Fig. 5.3    DRR–CCA convergence towards transformational change. [M.A.    Islam ( 2012 ). 
Unpublished policy concept on DRR–CCA integration drafted for UNDP, Bangladesh.]       
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5.6.1     Key Policy Issues 

 Experience in CCA–DRR linkage and social protection have much to contribute to 
adaptation policies for the poorest, most vulnerable communities. Conversely DRR 
and social protection need to assess the extent they can handle changes in frequency 
and intensity of extreme weather events. Table  5.1  highlights key features of these 
three policy areas, some overlapping.

5.6.2        Towards Transformative and Adaptive Approaches 
Through Social Protection 

 The social protection policy agenda focuses on the poorest sections of society, typi-
cally the bottom 10 % of the population, and the transfer of resources (especially 
cash) to households to smooth consumption or support income. In DRR, efforts 
within relief and recovery are designed to smooth the social impact of shocks, with 
far less emphasis on preventative approaches that tackle disasters from a holistic 
perspective. In adaptation, attention to building on existing coping practices is also 
focused on smoothing shocks as a fi rst step. 

 Social protection has much to offer in helping the poorest reduce their exposure 
to current (DRR) and future (adaptation) climate shocks. Table  5.2  highlights poten-
tial adaptation benefi ts of different strands of social protection.

   Table 5.1    Key characteristics of social protection, adaptation and DRR   

 Social protection  Adaptation  DRR 

  Core disciplinary 
grounding  

 Development and 
welfare economics 

 Social development and 
physical sciences 

 Physical sciences and 
social development 

  Dominant focus   Implementation 
of measures 
to manage risk 

 Enabling processes 
of adaptation 

 Prevention of disaster 
events and 
preparedness 
to respond 

  Main shocks 
and stresses 
addressed  

 Multiple  Climate-related  All natural hazard- 
related, including 
climate and 
geophysical 

  International 
coordination  

 Informal, EU, DFID, 
OECD task group 

 UNFCCC—Nairobi 
Work Programme 

 UN-ISDR Hyogo 
Framework 
for Action 

  Main funding   Ad hoc multilateral 
and bilateral 

 Coordinated international 
funds: Global 
Environment Facility 

 UNFCCC/Kyoto 
Protocol funds 

 Ad hoc bilateral 

 Coordinated 
international 
funding: ISDR, 
GFDRR, UNDP, 
Red Cross, ad hoc 
civil sponsored 
and bilateral 
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5.6.3        Developing “Adaptive Social Protection”: Future 
Perspective 

 This note illustrates the links between social protection, climate change adaptation 
and DRR in the context of rural development. There are examples how current 
experiences of social protection have much to offer to protecting the poor to current 
(DRR) and future (adaptation) weather extremes. Possible ways in which social 
protection programmes themselves can be made more robust in the face of current 
and future shocks:

•     Climate proofi ng social protection  through a long-term vision in the context of 
more reliable and accurate predictions and consideration of vulnerability.  

•    Policy and programmatic options  for social protection for climate change 
adaptation.  

•    A preventative and holistic poverty approach  for DRR.  
•    An improved growth focus  for agriculture and rural development.    

 By placing social protection in the context of the impacts of natural phenomena, 
particularly climate, on agricultural productivity and related livelihoods, we may 
establish a framework for social protection measures that are resilient to disaster 

   Table 5.2    Promoting adaptation through social protection   

 SP category  SP instruments  Adaptation and DRR benefi ts 

  Provision  (coping 
strategies) 

 – Social service provision 
 – Basic social transfers 

(food/cash) 
 – Pension schemes 

 – Protection of those most 
vulnerable to climate 
risks, with low levels of 
adaptive capacity 

  Preventive  (coping 
strategies) 

 – Safety nets 
 – Social transfers 
 – Public works 

programmes 
 – Livelihood diversifi cation 
 – Weather-indexed 

crop insurance 

 – Prevents damaging 
coping strategies as a 
result of risks to 
weather-dependent 
livelihoods 

  Promotive  (building 
adaptive capacity) 

 – Social transfers 
 – Access to credit 
 – Asset transfers/protection 
 – Starter packs 

(drought/fl ood-resistant) 
 – Access to common 

property resources 

 – Promotes resilience 
through livelihood 
diversifi cation and 
security to withstand 
climate related shocks 

 – Promotes opportunities 
arising from climate 
change 

  Transformative  (building 
adaptive capacity) 

 – Promotion of 
minority rights 

 – Anti-discrimination 
campaigns 

 – Social funds 

 – Transforms social 
relations to combat 
discrimination underlying 
social and political 
vulnerability 
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risks, and that acknowledge the changing nature of climate-related impacts 
including the future existence of conditions that have not been experienced before. 
This  adaptive social protection  should be characterized by a number of features that 
include:

•    An emphasis on transforming productive livelihoods as well as protecting, and 
adapting to changing climate conditions rather than simply reinforcing coping 
mechanisms.  

•   Grounding in an understanding of the structural root causes of poverty in a 
particular region or sector, permitting more effective targeting of vulnerability to 
multiple shocks and stresses.  

•   Incorporation of rights-based rationale for action, stressing equity and justice 
dimensions of chronic poverty and climate change adaptation in addition to 
instrumentalist rationale based primarily on economic effi ciency.  

•   An enhanced role for research from both the natural and social sciences to inform 
the development and targeting of social protection policies and measures in the 
context of the burden of both geophysical hazards and changing climate-related 
hazards.  

•   A longer term perspective for social protection policies that takes into account 
the changing nature of shocks and stresses.    

 This is not to assume that all DRR, adaptation and social protection work will, or 
indeed should, necessarily meet all of these characteristics. There are likely to still 
be roles for specifi c policies and instruments within each of the fi elds. However, this 
framework and analysis should permit the identifi cation of a number of potential 
areas for future work that links these related fi elds together, and a number of ways 
to address the challenges of developing adaptive social protection in the broader 
context where agriculture and rural development is a part but not the only 
consideration.   

5.7     Integration of DRR and CCA in the Context 
of Emerging Risks 

 The drive towards the convergence of the Disaster Risk Reduction (DRR) and the 
Climate Change Adaptation (CCA) has gone a long way. The climate change adap-
tation, in other words the management and coping with increased variability and 
extremes of climatic events, shares a great deal with disaster risk reduction. The 
changes in magnitude, intensity, frequency and spatial distribution of disasters in 
Bangladesh are evolving and accelerating over a long period. These patterns repre-
sent a long-term change in the climate that slowly changing the natural hazards 
from one-off events into far more common phenomena. Floods, droughts, cyclones 
and other hazards can no longer be dealt with as recurrent events in a sequence of 
disaster and recovery. Left unattended an increased fl ooding associated with the 
rising sea levels will, sooner or later, overwhelm millions of people in coastal 
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communities, leading to signifi cantly increased levels of internal displacement and 
migration. 

 The government of Bangladesh and its people has wealth of experiences in 
preparing for, and responding to, disaster events. In recent years, Bangladesh has 
been playing a leading role in adopting a more holistic approach to risk reduction. 
Ahead of the global shift in thinking on approaches to disasters, and most specifi -
cally with the strategic priorities of the Hyogo Framework for Action (HFA), the 
stated vision of the Government of Bangladesh (GoB) has shifted its focus from 
conventional disaster response to more comprehensive risk reduction approach. 

 The integration of disaster risk reduction (DRR) and climate change adaptation 
(CCA) within the national plan and programmes has been recommended in COP13, 
Bali 2007 as part of the UNFCCC negotiation process. National Plan for Disaster 
Management (NPDM 2010–2015) of GoB highlights that disaster risk reduction 
can promote early adaptation to climate risks and impacts and offers opportunities 
for “bottom-up” strategies for adaptation to current climate variability and climate 
extremes. Bangladesh’ National Adaptation Plan of Action (NAPA 2005), 
Bangladesh Climate Change Strategy and Action Plan (BCCSAP 2009) are 
prepared to tackle climate change impact in convergence with the disaster risk 
reduction.  

5.8     Integrating CCA in DRR: Initiatives 
and Experiences of CDMP 5  

 Realizing that the challenges and impact of climate change and disaster are develop-
ment concern, CDMP was designed to have key elements that create synergies 
between disaster risk reduction and climate change adaptation. 

5.8.1     CDMP Phase I (2004–2009) 

 CDMP built appropriate mechanism, create convergence of climate change and 
disaster risk reduction by translating hard science of climate change prediction into 
tangible, community-level actions to support adaptation. Concurrently, CDMP also 
initiated and facilitated the establishment of the government structure, mechanisms, 
and capacities for climate change adaptation. These include:

•    Supported Department of Environment of the Ministry of Environment and 
Forest to establish the Climate Change Cell and successfully initiated adaptation 

5    Comprehensive Disaster Management Programme (CDMP), Phase I was implemented by the 
Ministry of Food and Disaster Management during 2004–2009 with support from UNDP, European 
Union and DFID.  
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research, built capacity for climate change prediction modelling, and established 
a climate change database.  

•   Supported the Livelihood Adaptation to Climate Change (LACC) project that 
integrated disaster risk reduction and climate change adaptation in agriculture 
and allied sectors through community level adaptation trial. The Project identifi ed 
and validated 90 Climate Change Adaptation options of which 60 were tested in 
the farmers’ fi eld. Some of the widespread adaptation options are: Rain water 
harvesting in mini pond and supplemental irrigation improved the rice yield by 
23 %, water saving irrigation practice increases the water use effi ciency of rice 
by 20 %, improved stove (costs US$10/household) saves 30 % fuel use and 
reduces 35 % cooking time.  

•   During 2005–2009 the Local Disaster Risk Reduction Fund (LDRRF), estab-
lished within CDMP supported more than 560 small, medium scale risk reduc-
tion and community based adaptation projects in more than 380 Unions in 11 
districts benefi ting over 600,000 vulnerable people.    

 Programmatic lessons learnt from CDMP Phase I include the followings:

    1.    The broadening of the perspectives to the all hazards perspectives and the 
integration with climate change is not only inevitable but a necessity.   

   2.    Broader outreach of the DRR and CCA requires the involvement of all sectors.   
   3.    The Programme provided suffi cient momentum for mainstreaming into the 

development planning and the strategic scaling up of the pilot interventions to 
the wider geographical areas.   

   4.    Mainstreaming of the DRR and CCA requires the leveraging to the regional 
platform.   

   5.    Local acceptance of adaptation options is very much determined by the liveli-
hood system and wealth status (including land ownership or otherwise) of the 
farming households.   

   6.    Climate change adaptation appears to be  highly location specifi c, not every size 
fi ts all.    

   7.    Uptake of climate change adaptation measures is as much to do with  social 
learning process  as with issues related to technology transfer and capacity 
building.      

5.8.2     CDMP Phase II (2010–2014) 

 Building upon the achievements and lessons of CDMP I, Phase II attempted to fur-
ther integrating disaster risk reduction (DRR) and climate change adaptation (CCA) 
with support from UNDP, DFID, EU, Norway, SIDA and AusAid. It continues to 
work on mainstreaming of climate change and disaster risk reduction into national 
development planning process as well as generating appropriate knowledge and 
technologies for community based adaptation, bridging the gaps between climate 
science and the community; contingency planning for vulnerable populations living 
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in very high-risk areas; and awareness raising and policy advocacy for adoption and 
scaling up. Objective of the CDMP II activities are:

•    Convergence and institutionalization of DRR and CCA into development plan-
ning and programmes in all level through development of tools and frameworks, 
policy advocacy and awareness raising.  

•   Generate knowledge by translating scientifi c information for policy making and 
appropriate technological options.  

•   Implement sustainable livelihood options at regions vulnerable to climate vari-
ability along with documenting and dissemination of learning for scaling up.     

5.8.3     Major Achievements and Plans of CDMP II 

   Institutional Reform 

•   CDMP is building collaborative partnership and facilitating 13 government’s 
line department/ministries (list appended) for them to better understand and inte-
grate climate change adaptation and disaster risk reduction needs in to their 
respective domains. CDMP is facilitating departments in integrating CC con-
cerns and issues, mainstream them and more practical action in drawing depart-
mental strategies, process and policies including action plan of DRR and CCA 
for their respective department/sector.  

•   In partnership with UNDP supported Poverty Environment Climate 
Mainstreaming (PECM) Project and jointly with various ministerial agencies 
and department, process is initiated to integrate DRR and CCA issues into the 
development planning process through revision of Development Project 
Proforma (DPP) format and sectoral policies.  

•   Outlines for a training module on climate change impact, prediction analysis and 
review of adaptation plans have been developed to train Ministry of Disaster 
Management (MoDM) and Department of Disaster Management professionals, 
Disaster Management Committee (DMC) members and Community Risk 
Assessment (CRA) implementing partners. National training institutes or organi-
zation will be engaged for the training programmes that includes Training for 
Trainers (ToT) with the newly developed content.  

•   DRR/CCA pilot project implementations by the local governments. CDMP facil-
itates the Upazila (sub-district) DMCs to undertake the DRR/CCA pilot projects 
as guided by the results of the CRA and Risk Reduction Action Plan (RRAP) 
with the technical supports from NGOs. This approach expects the local govern-
ment to own the pilot projects and, eventually, incorporate the same into their 
respective local plan, programmes and budgets.   
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  Knowledge Generation 

•   Filling the knowledge gap in climate change adaptation a large selection of need- 
based and demand driven research agenda have been identifi ed, prioritized and 
validated through regional, sectoral and national consultation to understand the 
anticipated climate-induced risk and the planned adaptation for sustainable 
development. This will be used as inputs for conducting study and research by 
national research organizations and institutes.  

•   Producing Union Fact Sheet for almost half of the countries’ unions where 
CDMP is expected to be working capturing demographic and socio-economic 
information, institutional settings, environmental features, local hazards 
profi le etc. The Fact Sheet serves as a common reference for both the DRR 
and CCA.  

•   A study on climate resilient non-farm livelihood adaptation approaches and tech-
nologies is being carried out to identify options which will be translated for 
potential use and eventually promoted to the project benefi ciaries.  

•   Partnering with Bangladesh University of Engineering and Technology (BUET), 
a study has been undertaken to analyse the past 50 years climatic parameters 
(Rainfall, Temperature, Sunshine, Humidity) for better understanding of climate 
regime and trend for the country.  

•   Initiating the studies on trend, impact and future scenarios of the most common 
hazards, e.g. fl ood, drought, storm surge and salinity intrusion to inform the 
devising of the adaptation plan.  

•   Partnering with Department of Agriculture Extension (DAE), community con-
sultations were organized to share, identify, validate and compile the indigenous 
knowledge, options and technologies for climate change.  

•   An in-depth assessment and analysis of the potential impact and future trend of 
the internal displacement due to various climate induced disasters has been initi-
ated to support strategic and contingency planning.   

  Community Based Adaptation 

•   A set of climate change impact and vulnerability screening tools, pulled in a 
package “Climate Lens”, have been incorporated to the participatory and bottom 
up CRA and RRAPs process. Concurrently CDMP revised the rural risk reduc-
tion strategies to reconcile the broad geographical coverage, the impact effective-
ness, and sustainability while, at all time, integrates the DRR and CCA.  

•   LDRRF fund has been using for implementing close to 750 small scale commu-
nity level risk reduction projects mostly addressing the pressing lack of access to 
safe drinking water in 11 most vulnerable unions of 5 Super Cyclone  AILA  
affected south western coastal districts including development of 2 climate 
 resilient villages. Partnering with Housing and Building Research Institute 
(HBRI) for the designing, construction and installation of 200 “Cyclone Resistant 
Houses” in these two villages.  
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•   Various initiatives are underway to expand the Local Disaster Risk Reduction 
Fund (LDRRF) interventions in 2,000 unions of 40 districts and establishing at 
least 7 climate resilient villages. Based on the learning and lessons from liveli-
hood adaptation to climate change (LACC) projects, phase II initiated further 
piloting of climate change agricultural options. In the northwest, piloting of a 
drought tolerant rice variety  Nerica  yield new lessons and experiences.   

  Risk Reduction as Adaptation Measures 

•   CDMP continues to undertake the disaster risk reduction interventions to be 
formulated through processes that take on board climate change adaptation con-
siderations. The continuing effort to address the salinity problem in the south-
western region, for instance, is a prime example of addressing both concerns in 
one go.  

•   Taking bold initiatives through DRR and CCA unconventional interventions, 
CDMP once again proves its fl exibility and capacity to deal with emerging risks. 
The Resilient Habitat pilot project has been launched in the south-western region 
to demonstrate solutions to the DRR and CCA issue through comprehensive 
approach.  

•   Putting importance to the demonstrative effects of the DRR and CCA pilot proj-
ects. CDMP is increasingly in favour of geographically clustered project with 
close proximity to heighten the demonstrative effects to the intended reduction 
of the disaster and climate change risks.      

5.9     Concluding Remarks 

 For Bangladesh intensifi ed and frequent natural disasters and climate variability are 
the key impact of climate change. Hence, reducing disaster risk is the most effective 
strategy for climate change adaptation. Climate change and disaster challenges can 
and should also be seen as opportunities for poverty reduction. Ecosystem based 
adaptation is the pre-cursor of sustainable risk reduction as well as livelihood 
endeavor needs attention. Investment in DRR and CCA reduces response cost 
should be the strategic approach in development planning. The challenges that cli-
mate change adaptation and disaster risk reduction is likely to present cannot be 
addressed ad hoc, or haphazardly, and require careful planning and meaningful 
coordination should be beginning now. The likely impacts of climate change are 
multi-sectoral and multi-faceted and require across-the-board integration into all 
kinds of national policy, planning and programming. Potential incentives in DRR–
CCA convergence lies in the fact that it (a) contribute to poverty reduction and 
sustainable development; (b) reduce vulnerability to both sudden and slow onset 
hazards; (c) recognize food and socioeconomic insecurity as part of vulnerability; 
(d) more effective partnerships with non-government partners and (e) better use of 
structural and non-structural interventions.     
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    Abstract     National Adaptation Programs of Action (NAPAs) provide a process for 
Least Developed Countries (LDCs) to identify priority activities that respond to their 
urgent and immediate needs to adapt to climate change—those for which further 
delay would increase vulnerability and/or costs at a later stage. The steps for the prepa-
ration of the NAPAs include synthesis of available information, participatory assess-
ment of vulnerability to current climate variability and extreme events and of areas 
where risks would increase due to climate change, identifi cation of key adaptation 
measures as well as criteria for prioritizing activities, and selection of a prioritized 
short list of activities. Bangladesh National Adaptation Programme of Action (NAPA) 
was prepared by Ministry of Environment and Forest, Government of the People’s 
Republic of Bangladesh in partnership with relevant specialized Agencies and institu-
tions as a response to the decision of the Seventh Session of the Conference of the 
Parties (CoP7) of the United Nations Framework Convention on Climate Change 
(UNFCCC). The updated NAPA 2009 is well aligned with the BCCSAP and would 
address the following thematic pillars in terms of identifying short and medium term 
adaptation measures: (a) ensuring food security and pro-poor social protection of 
the climate vulnerable people; (b) strengthen comprehensive disaster management 
programme; (c) climate resilient infrastructure development including sustainable cit-
ies; (d) mainstreaming climate change in local and national development; (e) capacity 
enhancement including research and knowledge management and institutional 
strengthening and (f) strategic natural resource management as an adaptation response 
to climate change including wise use of wetlands, rivers, fl ood plain system.  
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  Keywords     Capacity enhancement   •   Climate resilient infrastructure   •   Food 
 security   •   Mainstreaming climate change   •   NAPA   •   Natural resource management.  

6.1        Introduction 

 National Adaptation Programs of Action (NAPAs) provide a process for Least 
Developed Countries (LDCs) to identify priority activities that respond to their 
 urgent  and  immediate  needs to adapt to climate change—those for which further 
delay would increase vulnerability and/or costs at a later stage (UNFCCC  2009 ). 
The main content of NAPAs is a list of ranked priority adaptation activities and 
projects, as well as short profi les of each activity or project, designed to facilitate the 
development of proposals for implementation of the NAPA. To facilitate access to 
project details from the NAPAs, the UNFCCC secretariat has developed a   NAPA 
Project Database    . The NAPA project database webpage contains:

•    Index of projects by country, including project costs  
•   Index of projects by sector, including project costs  
•   Lists of project profi les by sector, grouped according to the main sectors in which 

the project falls. Some projects and activities are very cross-sectoral in nature, 
and diffi cult to classify into any one sector. Such projects have been put into a 
“cross-sectoral” group  

•   Lists of projects by country showing cost with a downloadable pdf of project 
profi les per country    

 Focus of NAPAs: The NAPAs focus on urgent and immediate needs—those for 
which further delay could increase vulnerability or lead to increased costs at a later 
stage. NAPAs should use existing information; no new research is needed. They 
must be action-oriented and country-driven and be fl exible and based on national 
circumstances. Finally, in order to effectively address urgent and immediate adap-
tation needs, NAPA documents should be presented in a simple format, easily 
understood both by policy-level decision-makers and by the public. 

 The NAPA process: The steps for the preparation of the NAPAs include synthesis of 
available information, participatory assessment of vulnerability to current climate 
variability and extreme events and of areas where risks would increase due to climate 
change, identifi cation of key adaptation measures as well as criteria for prioritizing 
activities, and selection of a prioritized short list of activities. The development of a 
NAPA also includes short profi les of projects and/or activities intended to address 
urgent and immediate adaptation needs of LDC Parties. 

 This chapter is adapted summary of the NAPA 2005 and the updated version of 
2009 prepared by the Ministry of Environment and Forest, Government of 
Bangladesh.  
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6.2    Key Climate Change and Environmental Stresses 

 There are several environmental issues and concerns to development that are already 
hindering development process of Bangladesh. Climate change will become an 
additional issue and concern as it will aggravate several of those problems in future. 
A brief description of key environmental stresses related to development and 
climate change are given below. 

6.2.1    Land and Soil 

 The productive agricultural land is decreasing rapidly as it has been diverted to 
other uses, mainly for urbanization and building of human settlement. The annual 
loss of productive arable land stands at about 100 thousand ha. There are also 
structural changes that decreased medium and large farms while increased small 
and marginal farms. 

 In addition to structural change of land use, riverbank erosion is rampant in areas 
along the active river channels of the Ganges, the Jamuna and the Tista and in the 
coastal and offshore areas of Bangladesh. About 1.7 million hectares of fl oodplain 
areas are prone to riverbank erosion (Karim and Iqbal  2000 ). It has been observed 
that between 1973 and 1996, a total of 73,552 ha of land was eroded while only 
10,628 ha of land have been formed by accretion (WARPO  2000 ). Physical, chemical 
and biological properties of soil are deteriorating including organic matter, loss of 
micro nutrient, increase soil salinity, lack of proper replenishment of plant nutrient 
and so on. Forty fi ve per cent of net cultivable land area has even less than 1 % 
organic matter. Out of 2.85 million hectares of the coastal and offshore areas, about 
1.2 million hectares of arable land are affected by varying degree of soil salinity. 
Tidal fl ooding during wet season, direct inundation by saline or brackish water, 
upward or lateral movement of salinity in groundwater during the dry season and 
inundation with brackish water for shrimp farming are key causes of salinization in 
coastal land. The severity of salinity problem has increased over time with the 
desiccation of the soil.  

6.2.2    Water 

 Bangladesh is richly endowed with water resources. The water ecosystem comprises 
the tributaries and distributaries of the three major rivers system, the Ganges- Padma, 
the Brahmaputra, and the Meghna (GBM), and numerous perennial and seasonal 
wetlands known locally as  haors, baors, pukurs, dighies, khals  and  beels . Owing to 
the fact that 92 % or more of Bangladesh’s annual runoff enters into the country 
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from outside its borders, there is a high degree of uncertainty about the quantum of 
the water that will be available from trans-boundary rivers in future due to climate 
change. In the monsoon, the combined fl ow of the Ganges and the Brahmaputra 
reaches a peak between 80,000 and 140,000 m 3 /s. Dependable fl ow (80 %) in the 
Ganges (according to the Ganges Treaty) can be less then 1,000 m 3 /s in dry season. 
Mainly two types of problems exist in the coastal water bodies, namely, salinity in 
the estuarine areas, and water pollution in the marine zone. The magnitude of these 
problems depends on seasonal freshwater fl ow from the rivers, and operation of 
seaports. Generally, water scarcity is a dry season phenomenon when the availability 
becomes less than the demand, or the quality of the water restricts its use. Dry 
season water resources are comprised of the runoff and trans- boundary river infl ow, 
together with water contained in surface water bodies and groundwater. Scarcity is 
also dependent on the amount of soil moisture available at the beginning of the 
season. Trans-boundary infl ow in the dry season has decreased due to upstream 
development, and withdrawal of water for irrigation and other purposes. Groundwater 
is the major source of irrigation in Bangladesh, and there has been a tremendous 
increase in suction mode irrigation.  

6.2.3    Biodiversity 

 The terrestrial and aquatic areas of the country support a large number of diverse 
biological populations, both plant and animal. The biodiversity depends on the type 
and quality of habitat, and level of interference of the human population and devel-
opment activities. Notwithstanding insuffi cient baseline information on biological 
resources, it is believed that development practices and population pressure have 
caused a signifi cant depletion of terrestrial and aquatic species diversity. For exam-
ple, 41 vertebrate species have been extinct from Bangladesh, and 106 species of 
globally threatened vertebrates identifi ed. Mangrove forests form a unique environ-
ment of fl oral–faunal assemblages. Leaf litter undergoing decomposition provides 
particulate and dissolved organic matter to the estuarine ecosystem, and this com-
plex detritus-based food web supports a number of marine and brackish water 
organisms. The Sundarbans support a very rich and diverse fi sh fauna of 400 spe-
cies, 270 species of birds, and over 300 species of plants. It is an important staging 
and wintering area for migratory shore birds, gulls, and terns. They comprise the 
largest remaining tract of habitat for the Royal Bengal Tiger ( Panthera tigris ). 
St. Martin’s Island is an important nesting area for marine turtles, and a wintering 
ground for migratory shore birds.  

6.2.4    Disasters 

 The geographical setting of Bangladesh makes the country vulnerable to natural 
disasters. Every year one or more natural calamities upset people’s lives in some 
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part of the country. The major disasters concerned here are the occurrences of fl ood, 
cyclone and storm surge, fl ash fl ood, drought, tornado, earthquakes, riverbank 
erosion, and landslide. These extreme natural events are termed disasters when they 
adversely affect the whole environment, including human beings, their settlements, 
or the resources essential for their livelihoods.   

6.3     Impacts of Climate Change and Variability 
on Biophysical and Key Sectors 

 Over the last decade a number of studies have been carried out on impacts, vulner-
ability and adaptation assessment for Bangladesh to climate change and sea level 
rise. Major climate change impacts and vulnerability assessment studies are (a) 
Assessment of Vulnerability Bangladesh to Climate Change and Sea Level Rise, (b) 
Climate Change Country Study Bangladesh under U.S. Climate Change Study 
Programme, (c) Climate Change and Adaptation Study for Achieving Sustainable 
Development in Bangladesh, and (d) Country Study on Bangladesh under Regional 
Study of Global Environmental Issues Project of Asian Development Bank (ADB). 
Bangladesh has also prepared Initial and Second National Communication in 
response to the United Nations Framework Convention on Climate Change. 

 Most of the studies have assessed impacts, vulnerability and adaptation of water, 
coastal zone, agriculture, infrastructure, forestry and health to climate change and 
sea level rise. It is found that the vulnerability of the country is a complex interrela-
tionship with biophysical, social, economic and technological aspects. It is revealed 
that many anticipated adverse impacts of climate change including sea level rise, 
higher temperatures, enhanced monsoon precipitation and run-off, potentially 
reduced dry season precipitation, and an increase in cyclone intensity would in fact 
reinforce many of existing baseline stresses that already pose a serious impediment 
to the economic development of Bangladesh. 

 Adverse effects of climate stimuli including variability and extreme events in the 
overall development of Bangladesh are signifi cant and highly related to changes in 
the water sector and extreme events (Table  6.1 ). Most damaging effects of climate 
change are fl oods, salinity intrusion, and droughts that are found to drastically affect 
crop productivity almost every year. Climate change induced challenges are, (a) 
scarcity of fresh water due to less rain and higher evapo-transpiration, (b) drainage 
congestion due to higher water levels in the confl uence with the rise of sea level, (c) 
river bank erosion, (d) frequent fl oods and prolonged and widespread drought, (e) 
wider salinity in the surface, ground and soil (WB  2000 ).

   Low economic strength, inadequate infrastructure, low level of social develop-
ment, lack of institutional capacity, and a higher dependency on the natural resource 
base make the country more vulnerable to climate stimuli including variability and 
extreme events. It was found that the population living in the coastal area are more 
vulnerable than the population in other areas. The agricultural sector will face sig-
nifi cant yield reduction thus food-grain self suffi ciency will be at risk in future 
(BCAS/RA/Approtec  1994      ).  
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6.4    National Adaptation Programs of Action (NAPA) 

 The UNFCCC COP 7 has decided to support the work program for LDCs to prepare 
and implement national adaptation programs of action (NAPAs), including meeting 
the agreed full cost of preparation. The NAPAs will communicate priority activities 
addressing the urgent and immediate needs and concerns of LDCs relating to 
the adverse effects of climate change. The rationale for developing NAPAs rests on 
the low adaptive capacity of LDCs, which renders them in need of immediate and 
urgent support to start adapting to current and projected adverse effects of climate 
change. 

6.4.1    Objectives 

 The purpose of the NAPA formulation project for Bangladesh was the development 
of a countrywide program that encompasses the immediate and urgent adaptation 
activities that address the current and anticipated adverse effects of climate change, 
including extreme events. The goal of the NAPA formulation for Bangladesh was 
the provision of a framework to guide the coordination and implementation of 
adaptation initiatives in the country, through a participatory approach and building 
synergies with other relevant environmental and related programs. A set of country-
driven criteria developed through a consultation process for selecting priority activi-
ties to address needs arising from the adverse effects of climate change—The NAPA 
Team came up with a set of criteria based on various factors (e.g., political, fi nan-
cial, cultural, technical) and a rating/scoring system that was used for objectively 
selecting/prioritizing the proposed adaptation measures/activities. The NAPA Team 
could draw on the criteria proposed by the NAPA guidelines in coming up with 
the set of criteria. This exercise was fi nalized through an appropriate consultation 
workshop.  

6.4.2    NAPA Preparation Process 

 Bangladesh National Adaptation Programme of Action (NAPA) was prepared by 
Ministry of Environment and Forest ( 2005 ), Government    of the People’s Republic 
of Bangladesh in partnership with relevant specialized Agencies and institutions as 
a response to the decision of the Seventh Session of the Conference of the Parties 
(CoP7) of the United Nations Framework Convention on Climate Change 
(UNFCCC). The preparation process has followed the generic guiding principles 
outlined in the annotated guideline prepared by LDC Expert Group (LEG). The 
basic approach to NAPA preparation was along with the sustainable development 
goals and objectives of the country where it has recognized necessity of addressing 

6 National Adaptation Programme of Action



100

environmental issue and natural resource management with the participation of 
stakeholders in bargaining over resource use, allocation and distribution. Therefore, 
involvement of different stakeholders was an integral part of the preparation process 
for assessing impacts, vulnerabilities, adaptation measures keeping urgency and 
immediacy principle of the NAPA. Policy makers of Government, local representa-
tives of the Government (Union  Parishad  Chairman and Members), scientifi c 
community members of the various research institutes, researchers, academicians, 
teachers (ranging from primary to tertiary levels), lawyers, doctors, ethnic groups, 
media, NGO and CBO representatives and indigenous women contributed to the 
development of the NAPA for Bangladesh. 

 At the highest level there was a Project Steering Committee (PSC) headed by 
Secretary Ministry of Environment and Forest. The Project Steering Committee is 
represented by high level offi cials and experts from different government and non-
government organizations to provide guidance. In addition to the Ministry of 
Environment and Forest, other noteworthy government ministries and agencies 
involved in the PSC are Ministry of Planning, Economic Relation Division, Ministry 
of Agriculture, Ministry of Food and Disaster Management, Water Resource Planning 
Organization, Ministry of Fisheries and Livestock, Ministry of Land, Department of 
Environment etc. The Project Steering Committee is represented by government, 
non-government and international research institutes including Bangladesh Institute 
of Development Studies (BIDS), Bangladesh Forestry Research Institute (BFRI) 
Bangladesh Centre for Advanced Studies (BCAS), IUCN Bangladesh etc. 

 The second group of stakeholder is a multi-disciplinary team of experts and sec-
toral working groups with critical roles and responsibilities to analyse vulnerability 
of the natural, economic and social systems and connect it will overall development 
of the country. The six Sectoral Working Groups (SWG) are (a) Agriculture, 
Fisheries and Livestock coordinated by Bangladesh Agricultural Research Council 
(BARC), (b) Forestry, Biodiversity and Land-use coordinated by IUCN, Bangladesh, 
(c) Water, Coastal Zone, Natural Disaster and Health coordinated by Water 
Resources Planning organization (WARPO), (d) Livelihood, Gender, Local 
Governance and Food Security coordinated by Bangladesh Institute for Development 
Studies (BIDS), (e) Industry and Infrastructure coordinated by Department of 
Environment (DoE), and (f) Policies and Institutes coordinated by Bangladesh 
Centre for Advanced Studies (BCAS). It was anticipated that participation of key 
stakeholder in the preparation process will help in mainstreaming adaptation to cli-
mate change into national and sectoral development policies and plans as well as 
implementation of adaptation projects in future. Members of the project steering 
committee, sectoral working group and experts attended the inception workshop, 
regional stakeholder consultation workshops, and national stakeholder consultation 
workshop. 

 Third group of stakeholders involved in the preparation process were from local 
and regional (hydro-ecological) level including people from the local government, 
local level non-government organizations, occupational representations at the 
grassroots level including farmers and women. The NAPA project has organized 
regional stakeholder consultation workshops in Rajshahi (north-west region), 
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Khulna (south- west region), Sylhel (north-east region) and Chittagong (south-east 
region) during December 2004 and January 2005. Drought is a recurrent phenom-
enon of the north- west region and anticipated that it will increase under changes in 
climatic system. South-west and south east regions are part of coastal area with 
salinity, and freshwater availability problems. It is anticipated that salinity intrusion 
will increase and freshwater availability will decrease in these areas particularly in 
the dry season. North-east region is a combination of low hills and depressed area 
and are prone to fl ash fl ood. 

 The objectives of the regional stakeholder consultation workshops were (a) iden-
tifi cation of existing problems related to variability, extremes and climate change 
and rank them if possible, (b) identifi cation of existing coping mechanisms and 
measures, (c) suggestion for improvement of existing measures, (d) identifi cation of 
new measures and idea to address anticipated future change in intensity and extent 
of present problems. The identifi ed problems and suggestions have been incorpo-
rated in the sectoral analysis and future programme of action. In addition to the 
regional stakeholder consultation workshops each sectoral working groups have 
organized meeting with different sectoral agencies for checking possibility of 
integration into sectoral policies and plans. 

 Based on earlier climate change impacts, vulnerability and adaptation studies 
and regional stakeholder consultation workshops National Consultant Team pre-
pared fi rst draft Bangladesh NAPA, which has been discussed in the National 
Consultation Workshop. The National Consultation Workshop has discussed all 
project identifi ed based on local need and are complementary to national develop-
ment goals and objectives. The National Consultation Workshop has also rank proj-
ects using prioritization criteria developed by NAPA team. The national consultant 
prepared the fi nal Bangladesh.  

6.4.3     List of 15 Priority Projects/Measures/Activities Identifi ed 
in NAPA 2005 

 The following adaptation measures suggested for Bangladesh to address adverse 
effects of climate change including variability and extreme events based on existing 
coping mechanisms and practices, and suggested future strategies and coping mech-
anism mentioned above. These are categorized into two major types i.e. intervention 
and facilitating.

  Intervention/Facilitating Type Measures 

   1.     Coastal afforestation with community focus to address coastal erosion and pro-
tection from enhanced storm surges.

   1.1.    Community Led Coastal Afforestation Project   
  1.2.     Coastal Afforestation Programme in the Satkhira and Bagerhat Regions of 

Khulna   
  1.3.    Restoration of the Degraded Forest Ecosystems of the Chittagong Division       
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   2.     Promoting adaptation to coastal agriculture (including crops, livestock and fi sh-
eries) to combat salinization.

   2.1.    Maize Production under Wet Bed No-tillage Method   
  2.2.    Sorjan systems of cropping in tidally fl ooded agro-ecosystem   
  2.3.    Culture of salt tolerant fi sh special in coastal areas of Bangladesh       

   3.     Providing drinking water to coastal communities to combat enhanced salinity 
due to sea level rise

   3.1.    Development of Strategy for Alternative Sources of Safe Drinking Water       

   4.     Adaptation to agriculture systems (including cropping, livestock, fi sheries and 
tree planting) in areas prone to enhanced fl ash fl ooding—North East and Central 
Region

   4.1.     No–tillage potato cultivation under water hyacinth mulch in wet sown 
condition   

  4.2.    Vegetable Cultivation on Floating Bed   
  4.3.     Adaptation to fl ood on freshwater wetlands (beel) fi sheries with special 

emphasis to recruitment of small indigenous fi sh species   
  4.4.    Restoration of Degraded Swamp Forests (haor, baor and beel) in Sylhet       

   5.     Adaptation to agriculture (including cropping, livestock and the poultry) in areas 
affected by increased drought (North-West)

   5.1.     Development and protection of dry season fi sh refuges for sustainable 
management of fi sheries through community husbandry in the north-western 
part of Bangladesh   

  5.2.     Adaptation of fi sh culture techniques to increased fl ood levels and diversi-
fi cation of aquaculture techniques in the fl ood-prone north-central region 
of Bangladesh   

  5.3.     Reforestation Programme in the Barendra Region, Rajshahi   
  5.4.     Development of appropriate cropping pattern for the non-irrigated areas of 

the Barendra region       

   6.     Enhancing water availability in dry season in North-West Bangladesh due to 
enhanced temperature and lower rainfall (Water Sector).

   6.1.    Development of Strategy for Alternative Sources of Safe Drinking Water       

   7.     Capacity building for modeling, designing of infrastructure and early warning 
system in water management institutions towards mainstreaming climate change

   7.1.    Climate Change Knowledge Gap Filling for Water Resources Planning   
  7.2.     Capacity Development for Water Sector Managers for Designing Structural 

Adaptation   
  7.3.    Development of Negotiating Instruments for Sustainable Drainage Systems   
  7.4.     Formulation of Land and Water Zonation for Climate Change Adaptation 

in Bangladesh   
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  7.5.     Development and piloting of strategic Action Plans for the sustainable 
management of river shad (Hilsa) fi sheries in Bangladesh   

  7.6.     Studies on major carp spawning in the River Halda, Bangladesh with 
especial reference to meteorological change and habitat degradation   

  7.7.    Alterative emergency power and water supply       

   8.     Construction of fl ood shelter to cope with enhanced recurrent fl oods in major 
fl oodplains (Investment project)

   8.1.     Construction of Multipurpose Cyclone—Flood Shelters in High 
Vulnerable Areas   

  8.2.     Community based Emergency Disaster Shelters and Information and 
Assistance Centre       

   9.     Exploring options for insurance and other emergency preparedness measures to 
cope with enhanced climatic disasters (e.g. fl ood, cyclones and drought).

   9.1.     Community based repository of resources (money, food, medicine, 
energy)   

  9.2.    Community Disaster Insurance   
  9.3.    Alterative emergency power and water supply   
  9.4.     Community based emergency repository for valuable products and 

equipment   
  9.5.    Industrial Insurance System for Disasters       

   10.     Mainstreaming adaptation to climate change into policies and programs in dif-
ferent sectors (focusing on disaster management, water, agriculture, health and 
industry).

   10.1.     Formulation of Land and Water Zonation for Climate Change Adaptation 
in Bangladesh   

  10.2.     Incorporation of Climate Change Considerations in Standing Order for 
Disaster (SOD) Preparedness in Bangladesh   

  10.3.     Introduction of new patterns to the changing landscape due to climate 
variability       

   11.     Inclusion of climate change issues in curriculum at secondary and tertiary edu-
cational institution.   

   12.     Climate change and adaptation information dissemination to vulnerable com-
munity to raise awareness.

   12.1.     Awareness and Behavioral Change and Communication for Climate 
Change related Health Problems       

   13.     Promotion of research on drought, fl ood and saline tolerant varieties of crops to 
facilitate adaptation in future.

   13.1.     Production of High Value Horticultural Crops Round the Year Under 
Protective Culture       
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   14.     Development of eco-specifi c adaptive knowledge (including indigenous 
 knowledge) on adaptation to climate variability to enhance adaptive capacity 
for future climate change.

   14.1.     Earmarked funding facilitating R&D for water and energy supply       

   15.     Enhancing resilience of urban infrastructure and industries to impacts of climate 
change including fl oods and cyclone

   15.1.     Particular Specifi cation in National Building Code for building industry 
and infrastructure in potentially vulnerable areas   

  15.2.     Community based safe dumping place of the pollutants         

 Projects prioritization of adaptation were opted based on the criteria as follows: 
(a) Impacts on Peoples Livelihood (b) Promotion of Improved Health, Welfare and 
Safety of People, (c) Preservation of Cultural Heritage, (d) Improvement of Delivery 
and Maintenance of Public Infrastructures and Services, (e) Sustained Availability 
and Affordability of Basic Needs of People, (f) Reduction of Threats and/or Impacts 
of Disasters, (g) Preservation of Biological Diversity, (h) Implementation Cost, (i) 
funding Availability, (j) Project Applicability and (k) Political and Public Support, 
(l) Reduction of Climate Change Impacts, (m) Political and Public Support, (n) 
Potential for Adaptation Technology Penetration and Acceptance, (o) Data 
Availability and (p) Compatibility with National and Sectoral Development Goals  

6.4.4    2009 NAPA Updated Version 

 As a response to UNFCCC, Bangladesh prepared NAPA in 2005. In the meantime 
Bangladesh experienced super cyclone Sidr (2007) and cyclone Aila (2009). New 
and emerging literatures on scale of climate change and severity of impacts on 
cross-sectoral dimensions portray a more vulnerable and frustrating scenario 
demanding urgent and broad range of actions triggered the Ministry of Environment 
and Forests to go for updated version of NAPA in 2009. It gave emphasis on four 
basic national security issues such as (a) food security, (b) energy security, (c) water 
security and (d) livelihood security. The Ministry of Environment and Forest has 
engaged all previous six sectoral working groups for updating Bangladesh NAPA. 
The six Sectoral Working Groups are (a) Agriculture, Fisheries and Livestock coor-
dinated by Bangladesh Agricultural Research Council; (b) Forestry, biodiversity 
and land use, coordinated by IUCN, (c) Water, Coastal Areas, Natural Disasters and 
Health Care, coordinated by Water Resource Planning Organization; (d) Livelihood, 
Gender, Local Governance and Food Security, coordinated by Bangladesh Institute 
of Development Studies; (e) Industry and Infrastructure coordinated by Department 
of Environment and (f) Policies and Institutions coordinated by Bangladesh Centre 
for Advanced Studies. Following is the list of 18 priority projects without any ranking 
for design and implementations at short and medium term.  
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6.4.5    Short Term Adaptation Actions 

     1.    Assessment of fi nancial needs to combat climate change   
   2.    Revision of national and sectoral policies to mainstream adaptation to climate 

change   
   3.    Enhancing resilience of urban infrastructure and industries to impacts of climate 

change including fl oods and cyclone   
   4.    Exploring options for insurance and other emergency preparedness measures to 

cope with enhanced climatic disasters   
   5.    Mainstreaming climate change in national, sectoral and spatial development 

programs   
   6.    Strengthening human resource capacity   
   7.    Popularization of already released salinity resistant crop varieties   
   8.    Identifi cation of local hotspots for more targeted intervention such as areas most 

susceptible to moisture stress   
   9.    Impact assessment of Climate Change in the Coastal Region of Bangladesh with 

possible Adaptation      

6.4.6    Medium Term Adaptation Actions 

     1.    Formulation of land zoning legislation and other policy instruments for climate 
change adaptation   

   2.    Monitoring of climate change impacts on ecosystems and biodiversity   
   3.    Wildlife conservation and management   
   4.    Afforestation including expansion of coastal greenbelt   
   5.    Research on coastal geomorphological changes   
   6.    Management of potentially harmful invasive species   
   7.    Research on land management   
   8.    Restoration of the Sundarbans ecosystem   
   9.    River Response to the Impacts of Climate Change and Strategic Planning of 

River Erosion Management      

6.4.7     Aligning with the Bangladesh Climate Change 
Strategy and Action Plan (BCCSAP) 

 The updated NAPA 2009 is well aligned with the BCCSAP (Ministry of Environment 
and Forest  2008    ) and would address the following thematic pillars in terms of iden-
tifying short and medium term adaptation measures: (a) ensuring food security and 
pro-poor social protection of the climate vulnerable people; (b) strengthen compre-
hensive disaster management programme; (c) climate resilient infrastructure 
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development including sustainable cities; (d) mainstreaming climate change in local 
and national development; (e) capacity enhancement including research and knowl-
edge management and institutional strengthening and (f) strategic natural resource 
management as an adaptation response to climate change including wise use of 
wetlands, rivers, fl ood plain system. Based on these in addition to the original 
NAPA’s set of 15 priority actions, a further 18 priorities have been identifi ed. Overall 
this updated NAPA of 2009 highlights nine short term priorities mainly addressing 
the fi rst four pillars, along with nine medium term priorities with focus on the last 
two thematic pillars of BCCSAP.      
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    Abstract     The government of Bangladesh’s Vision is to eradicate poverty and 
achieve economic and social well-being for all the people. This will be achieved 
through a pro-poor climate management strategy, which prioritizes adaptation and 
disaster risk reduction, and also addresses low carbon development, mitigation, 
technology transfer and the mobilization and international provision of adequate 
fi nance. The climate Change Action Plan of Bangladesh is built on six pillars: (1) 
food security, social protection, health, (2) comprehensive disaster management, (3) 
infrastructures, (4) research and knowledge management, (5) mitigation and low 
carbon development, and (6) capacity building and institutional strengthening. The 
BCCSAP (Bangladesh Climate change Strategy and Action Plan) 2009 will be 
reviewed and revised as further experience and knowledge are gained in implement-
ing adaptation and related research programs as well as new development priorities 
that may emerge in future. In total, there are 44 programs.  

  Keywords     Adaptation research   •   Climate change strategy and action plan   
•   Comprehensive disaster management   •   Institutional strengthening   •   Mitigation 
and low carbon development  
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7.1         Introduction 

 A strategy to combat climate change represents a fourfold challenge: the climate 
risk itself and the political will to face up to it, international participation in efforts 
to tackle climate change, the innovation needed for changes in the production and 
use of energy, and adaptation of countries to the unavoidable effects of climate 
change. Based on different country context, the focus and emphasis are of the 
strategy varies. In general, a strategy should include:

 –    Extension of action against climate change to all the polluting countries (with 
common but differentiated responsibilities) and sectors involved (all modes of 
transport, deforestation etc.);  

 –   Enhanced innovation, which includes the implementation and deployment of 
existing technologies and the development of new technologies (in particular by 
means of active support policies which take advantage of normal capital 
replacement);  

 –   Use and development of market-based instruments; and  
 –   Harnessing of preventive and remedial efforts to adapt to climate change based 

on the most affected regions and economic sectors.    

 Apart from developing the action plan, it is required to focus on the following:

 –    Increased public awareness to encourage people to change their behavior.  
 –   More and better focused research to further improve knowledge on climate 

change and its global and regional impact and to develop cost-effective climate 
change adaptation and mitigation strategies.  

 –   Stronger cooperation with other countries at the scientifi c level and through 
climate- friendly technology transfer as well as through specifi c measures with 
developing countries to draw up climate-friendly development policies and 
strengthen the adaptive capacity of the most vulnerable countries.    

 The benefi ts of a reduction in greenhouse gas emissions stem mainly from the 
prevention of damage resulting from climate change, such as an increase in sea 
levels and fl ooding, greater pressure on drinking water resources, health risks, 
changes in ecosystems, adverse effects on economies based on agriculture or 
tourism, increased likelihood of fi res and extreme weather events (storms, heat 
waves), resulting increase in insurance costs and expenditure etc. It is however 
diffi cult to put a precise fi gure on the benefi ts of such action. Moreover, not all 
regions or economic sectors within the country will be equally affected. The costs 
of action are also diffi cult to evaluate. They would result mainly from the restructur-
ing of transport systems and energy production and use. Moreover, these costs 
would increase signifi cantly if no action is taken by the other major producers of 
greenhouse gas emissions. 

 With this background, this chapter provides a brief outline of Bangladesh Climate 
Change Strategies and Action Plan.  
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7.2     Bangladesh CC Action Plan 

 Bangladesh is one of the most climate vulnerable countries in the world and will 
become even more so as a result of climate change. Floods, tropical cyclones, storm 
surges and droughts are likely to become more frequent and severe in the coming 
years. Many would say that the signs of the future changes have already begun to 
become apparent. These changes will threaten the signifi cant achievements 
Bangladesh has made over the last years in increasing incomes and reducing 
poverty, and will make it more diffi cult to achieve the MDGs. It is essential that 
Bangladesh prepares now to adapt to climate change and safeguard the future well- 
being of its citizen. Indeed, the new democratic government is unequivocal in its 
commitment to protect the people from the ravages of climate change as stated 
clearly in its election manifesto. 

 Over the last 35 years, the Government of Bangladesh has invested over $10 billion 
to make the country less vulnerable to natural disasters. These investments, in many 
cases supported by development partners, include fl ood management schemes, 
coastal polders, cyclone and fl ood shelter, and the raising of roads and highways 
above fl ood level. In addition the government of Bangladesh has developed state-of-
the-art warning systems for fl oods, cyclones and storm surges and is expanding 
community-based disaster preparedness. Climate resilient varieties of rice and other 
crops have also been developed. 

 The challenge Bangladesh now faces is to scale up these investments to create a 
suitable environment for the economic and social development of the country and to 
secure the well-being of the people, especially the poorest and most vulnerable 
groups, including women and children. 

 The government of Bangladesh’s Vision is to eradicate poverty and achieve 
economic and social well-being for all the people. This will be achieved through a 
pro- poor climate management strategy, which prioritizes adaptation and disaster 
risk reduction, and also addresses low carbon development, mitigation, technology 
transfer and the mobilization and international provision of adequate fi nance. 

 Sections I–V of the document provide the context, outline the implications and 
likely impacts of climate change in Bangladesh, provide an overview of different 
adaptation strategies and briefl y outline mitigation issues. Sections VI and VII 
describe a 10 year programme to build the capacity and resilience of the country to 
meet the challenges of climate change over next 20–25 years. 

 The climate Change Action Plan is built on six pillars:

    1.    Food security, social protection and health to ensure that the poorest and most 
vulnerable in society, including women and children, are protected from climate 
change and that all programmes focus on the needs of this group for food secu-
rity, safe housing, employment and access to basic services, including health.   

   2.    Comprehensive disaster management to further strengthen the country’s already 
proven disaster management system to deal with increasingly frequent and 
severe natural calamities.   
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   3.    Infrastructure to ensure that existing assets (e.g. coastal and river embankments) 
are well-maintained and fi t-for-purpose and that urgently needed infrastructure 
(e.g. cyclone shelters and urban drainage) is put in place to deal with the likely 
impacts climate change.   

   4.    Research and knowledge management to predict the likely scale and timing of 
climate change impacts on different sectors of the economy and socioeconomic 
groups; to underpin future investment strategies, and to ensure that Bangladesh 
is networked into the latest global thinking on science, and best practices of cli-
mate change management.   

   5.    Mitigation and low carbon development to evolve low carbon development 
options and implement these as the country’s economy grows over the coming 
decades and the demand for energy increase.   

   6.    Capacity building and institutional strengthening to enhance the capacity of gov-
ernment ministries and agencies, civil society and the private sector to meet the 
challenge of climate change and mainstream them as part of development 
actions.     

 The needs of the poor and vulnerable, including women and children, will be 
prioritized in all activities implemented under the action plan. The climate change 
action plan comprises immediate, short, medium and long-term programmes.  

7.3     Implementation Context 

 The climate change action plan will be implemented under the overall guidance of 
the National Environment Committee, chaired by the Prime Ministry of Environment 
and Forests. Programs funded under the plan will be implemented by concerned 
Ministries or their agencies, with the involvement, as appropriate, of civil society 
and the private sector. The Climate Change Strategy and Action Plan 2009 is the 
revised version of the initial document with the same title prepared in 2008. The 
initial document had been developed in 2008 by the then Government of Bangladesh 
in consultation with civil society, including NGOs, research organizations, the 
private sector and development partners. The initial (2008) and the revised (2009) 
Climate Change Strategy and Action Plan build on and substantially expands the 
National Adaptation Programme of Action (NAPA), published in 2005. The 
BCCSAP  2009  will be reviewed and revised as further experience and knowledge 
are gained in implementing adaptation and related research programs as well as new 
development priorities that may emerge in future. 

 There are 44 programs listed in the BCCSAP. The annotations for justifi cation, 
the kind of activities to be undertaken and the responsible ministries/agencies for 
each of the programme within the six pillars outlined above is also provided in 
annex. These programs would be elaborated with all details in consultation with the 
stakeholders at the time of their planning and implementation. This list of programs 
is by no means exhaustive It only outlines the fi rst set of activities that are to be 
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undertaken in the line with the needs of the communities and the overall development 
program of Bangladesh as follow:

  Theme: T1: Food Security, Social Protection and Health 

  P1.  Institutional capacity for research towards climate resilient cultivars and their 
dissemination  

  P2. Development of climate resilient cropping systems  
  P3. Adaptation against drought  
  P4. Adaptation in fi sheries sector  
  P5. Adaptation in livestock sector  
  P6. Adaptation in health sector  
  P7. Water and sanitation programme in climate vulnerable areas  
  P8. Livelihood protection in ecologically fragile areas  
  P9.  Livelihood protection of vulnerable socio-economic groups (including women)   

  Theme: T2: Comprehensive Disaster Management 

  P1. Improvement of fl ood forecasting and early warning  
  P2. Improvement of cyclone and storm surge warning  
  P3. Awareness raising and public education towards climate resilience  
  P4. Risk management against loss on income property   

  Theme: T3: Infrastructure 

  P1. Repair and maintenance of existing fl ood embankments  
  P2. Repair and maintenance of cyclone shelters  
  P3. Repair and maintenance of existing coastal polders  
  P4. Improvement of urban drainage  
  P5. Adaptation against fl oods  
  P6. Adaptation against tropical cyclones and storm surges  
  P7. Planning and design of river training works  
  P8.  Planning, design and implementation of resuscitation of river and khals through 

dredging and de-siltation work   

  Theme: T4: Research and Knowledge Management 

  P1.  Establishment of a center for knowledge management and training on climate 
change  

  P2. Climate change modeling at national and sub-national levels  
  P3. Preparatory studies for adaptation against sea level rise  
  P4. Monitoring of ecosystem and biodiversity changes and their impacts  
  P5. Macroeconomic and sectoral economic impacts of climate change  
  P6.  Monitoring of internal and external migration of adversity impacted population 

and providing support to then through capacity building for their rehabilitation 
in new environment  

  P7.  Monitoring of impact on various issues related to management of tourism in 
Bangladesh and implementation in priority action plan   
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  Theme: T5: Mitigation and Low Carbon Development 

   P1. Improved energy effi ciency in production and consumption of energy  
   P2. Gas exploration and reservoir management  
   P3. Development of coal mines and coal fi res power stations  
   P4. Renewable energy development  
   P5. Lower emission from agricultural land  
   P6. Management of urban waste  
   P7. Afforestation and reforestation programme  
   P8.  Rapid expansion of energy saving devices e.g., Compact Florescent Lamps 

(CFL)  
   P9. Energy and water effi ciency in built environment  
  P10.  Improvement in energy consumption pattern in transport sector and options for 

mitigation   

  Theme: T6: Capacity Building and Institutional Strengthening 

  P1. Revision of sectoral policies for climate resilience  
  P2.  Main-streaming climate change in national, sectoral and spatial development 

programme  
  P3. Strengthening human resource capacity  
  P4. Strengthening gender consideration in climate change management  
  P5. Strengthening climate change in the media    

 Following parts show representatives examples of actions in six different themes.      

    Appendix 

    See Figs.  7.1 – 7.6  .
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  Fig. 7.1    Institutional capacity for food security, social capital and health [T1P1].  Source : 
BCCSAP ( 2009 )       
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  Fig. 7.2    Improvement of food forecasting and early warning system for comprehensive disaster 
management [T2P1].  Source : BCCSAP ( 2009 )       

 

A. Islam et al.



115

  Fig. 7.3    Repair and maintenance of existing fl ood embankments in infrastructure [T3P1].  Source : 
BCCSAP ( 2009 )       
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  Fig. 7.4    Establishment of a center under theme Research and Knowledge Management [T4P1]. 
 Source : BCCSAP ( 2009 )       
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  Fig. 7.5    Improved energy effi ciency in production and consumption under the theme mitigation 
and low carbon development [T5P1].  Source : BCCSAP ( 2009 )       
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            Reference 

         BCCSAP (2009) Bangladesh Climate Change Strategy and Action Plan. Government of 
Bangladesh, Dhaka, 48 pp    

  Fig. 7.6    Revision of sectoral policies for climate resilience under theme capacity building and 
institutional strengthening [T6P1].  Source : BCCSAP ( 2009 )       
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    Abstract     This study assessed the vulnerability of the coastal lands of Bangladesh 
using secondary resources. The research revealed that coastal land within the coun-
try is threatened by saltwater intrusion, erosion–accretion, land subsidence, water 
logging, cyclones, storm surges and tidal fl ooding. A 1-m sea-level rise will inun-
date 17.5 % of Bangladesh’s landmass along the coastal zone, affect 20 % of the 
country’s rice fi elds and threaten the UNESCO declared world heritage site, the 
Sundarbans. Coastal soil will be affected by salinity intrusion at more rapid rate 
than coastal water. The six districts of Jessore, Magura, Narail, Faridpur, Gopalgonj 
and Jhalokhati have been affected by new salinity intrusion over the 24 year period 
of 1973–1997 and the loss in agriculture from salinity induced coastal land degrada-
tion could be as high as USD 587 million. Over a period of 20 years, the south 
central coast has accreted at a rate of 7.0 km 2 /year near the Ganges–Brahmaputra–
Meghna (GBM) mouth and the southwest coast has been eroding at a rate of 1.9 km 2 /
year. During this period, the coastal land has also been subsiding at a rate of 4 mm/
year. A total of 19,670 ha of saltpan in the Cox’s Bazaar district of the Southeast 
coast is vulnerable to storm surges and vast agricultural lands of the Southwest and 
south-central coast of the country are highly vulnerable to tidal fl ooding and storm 
surges. Assessing vulnerability at a local level and formulating adaptation policies 
are both priority areas in formulating sustainable management options for the 
coastal lands of Bangladesh.  
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8.1         Introduction 

 Vulnerability is the prospective loss due to environmental hazard or natural disaster. 
It has arisen as central part of climate change debate since many years and its 
concept is amending with the passing of time. Coastal zones are particularly vulner-
able because of its dynamic environmental settings. As a low-lying country, 
Bangladesh is highly vulnerable to sea-level rise (SLR) (Milliman et al.  1989 ; Ortiz 
 1994 ; Ali  1996 ;  2000 ; Choudhury et al.  1997 ; Sarwar and Khan  2007 ; Karim and 
Mimura  2008 ). In spite of great concern about SLR impacts on Bangladesh, few 
studies have focussed on assessing the rate of or the impacts of SLR for this coast. 
The wide discussion of sea-level rise impacts on Bangladesh has largely arisen from 
a general conception about the low-lying elevation of the coastal zone of the country. 
In addition, the coastal zone of Bangladesh is very dynamic in terms of erosion and 
accretion. An overall trend of accretion in the south-central zone and erosion in the 
Sundarban is suggested by many studies (Allison  1998 ; Allison and Kepple  2001 ; 
Mikhailov and Dotsenko  2007 ). Besides SLR and erosion–accretion, coastal land of 
the zone is vulnerable to multiple natural and man-made hazards including subsid-
ence (Morgan and McIntire  1959 ; Goodbred and Kuehl  1998 ; Worm et al.  1998 ; 
Stanley and Hait  2000 ), fl ooding (Paul and Rasid  1993 ; Islam and Sado  2000 ; Choudhury 
et al.  2004 ), cyclone (Khalil  1992 ,  1993 ; Karim  1995 ; Alam et al.  2003 ; Islam and 
Peterson  2009 ), salinity intrusion (Potten  1994 ; Alexander et al.  1998 ; Chowdhury 
and Karim  1998 ; Mondal et al.  2001 ; Haque  2006 ; Miah et al.  2007 ), and land trans-
formation (Ali  2003 ; Hossain et al.  2003 ; Ali  2006 ; Iftekhar  2006 ; Bala and Hossain 
 2009 ; Siddique and Volpe  2009 ). However, a combination of vulnerabilities of all 
the mentioned hazards is yet to be done. This paper reviews multi- hazard vulnera-
bilities of coastal land of Bangladesh.  

8.2     Coastal Zone of Bangladesh 

 The shoreline is defi ned in different way by different researchers (Boak and Turner 
 2005 ) and the coastal zone is even diffi cult to delineate. The coastal zone of 
Bangladesh is delineated by different agency purposively to serve their particular 
work. Soil Resources Development Institute (SRDI) defi nes the coastal zone as the 
area affected by tidal water of the Bay of Bengal that could be extended up to 
150 km landward from the coast, whereas the Department of Public Health and 
Engineering (DPHE) treats the coastal zone as the area where salinity intruded into 
superfi cial or deep aquifers (Uddin and Kaudstaal  2003 ). From a coastal zone man-
agement point of view, the delineation of the coastal zone was done by the Ministry 
of Water Resources, and the 6th meeting of the Inter-ministerial Technical 
Committee for the Integrated Coastal Zone Management Plan defi ned the coastal 
zone of the country as the total area of 19 coastal districts that are again subdivided 
into 147 upazillas, including the Exclusive Economic Zone (MoWR  2003 ). A total 
of 48 out of 147 upazillas of 12 districts meet the sea directly and defi ned as exposed 
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coast, and rest of the upazillas are defi ned as interior coast (Uddin and Kaudstaal 
 2003 ) (Fig.  8.1 ).

   The coastal area of Bangladesh can be divided into three distinct zones; the 
southwest, south central and southeast zone. The southwest and south-central zones 
are low in elevation height and fl at in nature. The southwest zone extends from 
Bangladesh–India Border to the Haringhata River Estuary. More than 65 % of the 
Sundarbans—the biggest single-strand of mangrove forest on the earth is located in 
this part of the coast, covering an area of 4,950 km 2  (Blasco et al.  2001 ; Iftekhar 
 2006 ). The coastal area of Satkhira, Khulna, Bagerhat and Pirojpur districts belongs 
to the southwest coast. The deep sea canyon Swatch of No Ground (SONG) is only 

  Fig. 8.1    Coastal zone of Bangladesh. The Sundarbans is included in the exposed coast. Places 
marked in the map have been referred in text       
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24 km away to the south from this coast. The south-central coast covers the lower 
part of the Meghna River extending from the Haringhata River Estuary to the Feni 
River Estuary. The zone is formed of the coastal area of Barguna, Patuakhali, Bhola, 
Lakshmipur, Noakhali and Feni districts. The southeast zone is narrow and domi-
nated by narrow hills and uplands, extending from the Feni River Estuary to the 
southernmost tip of the country. A narrow sandy sea beach of Teknaf having an 
unbroken length of 120 km, and Cox’s Bazar and Patenga sea beach falls within the 
zone. The zone is formed of the coastal area of Chittagong and Cox’s Bazar district. 
There are about 100 islands in this zone scattered mainly in the southwest and 
south-central part. Continuous erosion and accretion processes are forming new 
islands, while others are also disappearing, resulting in a dynamic number of islands 
on the coast. Bhola district composes the biggest island located at the Meghna. 

 River Estuary, whereas the St. Martin’s island located at the south-eastern corner 
is the only island fringed by coral reef. 

 The coastal zone consists of an area of 47,201 km 2  containing a total of 46 million 
people. A total of 9.2 % of area of the GBM delta located to the south of 23°N has 
<2 m of elevation height (Woodroffe et al.  2006 ) and most of which covers 
Bangladesh part of the delta, especially the south-central and the southwest coastal 
zone of the country. McGranahan et al. ( 2007 ) ranked Bangladesh as the third coun-
try in the world in terms of hosting population in Low Elevation Coastal Zone 
(LECZ) for its total population of 62,524 after China and India. Forty six percent of 
population of the country live in LECZ and Bangladesh was placed as the sixth in 
the world in terms of population living in the zone. The coastal zone of Bangladesh 
covers a total of 2.85 million hectares of cultivable land (Bala and Hossain  2009 ) 
and represents 20 % of the rice acreage of the country (Begum and Fleming  1997 ).  

8.3     Vulnerabilities of Coastal Land 

8.3.1     Sea-Level Rise (SLR) 

 Based on global trend Choudhury et al. ( 1997 ) postulated a sea-level rise of 
10–15 mm/year along the Bangladesh coast that seems to be an underestimation 
compare to 4–7.8 mm/year assessment of Singh ( 2002 ). Monthly mean sea level 
(MSL) of Bangladesh coast is highest during the period of June–August when river 
discharge is highest because of peak rainfall in the country and also in the upstream 
countries, whereas MSL is lowest during January–March. The seasonal variation of 
MSL varies from 0.3 to 0.5 m observed by    Khandker ( 1997 ). On the other hand, 
Khan et al. ( 2000 ) reported high seasonal variation in the trend of mean tidal level 
from 2.5 mm/year in May to 8.5 mm/year in November at Hiron Point and 4.3 mm/
year in May to 10.9 mm/year in November at Cox’s Bazar. 

 A study of sea-level trend in Bangladesh was initiated by Singh ( 2002 ) who 
showed spatial variation using tide gauge data over 22 years, for the period of 
1977–1998, from Hiron Point, Char Changa (Hatia) and Cox’s Bazar stations on the 
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southwest, central and southeast coast of Bangladesh, respectively. He found a wide 
variation in the change of sea level along the coast. Changes were highest in Cox’s 
Bazar with a rate of 7.8 mm/year and the second and the third rates of trend were at 
Char Changa and Hiron Point at the rate of 6.0 and 4.0 mm/year respectively. 

 A sensitivity analysis by Begum and Fleming ( 1997 ) showed that a 1.4 m rise in 
sea level in the Bay of Bengal (BOB) may raise the water level of the Meghna River 
Estuary (MES) to about 6 m, causing inundation of surrounding area. The same 
study mentioned that even a 0.2 m SLR in the BOB may lead to 4.5–6 m rise in 
water level of MES. Ali ( 2000 ) reviewed that an SLR of 0.1, 0.3, and 1.0 will result 
a permanent inundation of 2,500, 8,000 and 14,000 km 2  of land, corresponding to 
2 %, 5 %, and 10 % of landmass of the country. Furthermore, the impacts of 1-m 
SLR by World Bank ( 2000 ) estimation is even higher projecting an affect to 17.5 % 
of country’s landmass with a complete destruction of the Sundarbans.  

8.3.2     Erosion and Accretion 

 Erosion (Fig.  8.2 ) and accretion are common features of the Bengal Basin. The 
Ganges–Brahmaputra–Meghna (GBM) system delivers an estimated load of 
1 billion tons of sediment of which roughly 30–40 % is distributed within the 
Bengal Basin and never reaches the shelf area (Goodbred and Kuehl  1998 ) resulting 
in an accretion in the basin. On the other hand, tidal forces and wave action cause 
erosion that keeps the coast dynamic. Allison and Kepple ( 2001 ) estimated a total 
of 3.7 × 10 7  t/year of sediment accumulation in the Sundarbans region from the 
coastline to 75 km landward in a south–north direction. On the other hand, the area 

  Fig. 8.2    Erosion in the southeast coastal area       
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of the coastal zone between the Haringhata and Meghna River estuaries received a 
sediment accumulation of 3.8 × 10 7  t/year. Sediment accumulation in the delta front 
of the Sundarbans should have experienced an accretion of land where, in contrary, 
erosion has been observed by many researchers. Continuous sediment accumulation 
and erosion observed in the same area has drawn attention of researchers about the 
dynamics of the zone.

   A study by Allison ( 1998 ), using geographic information system (GIS) technol-
ogy, calculated that the shoreline in the western Sundarbans region has eroded at an 
average rate of 20 m/year during the period 1970–1990. Comparing the 1792 chart, 
the 1840 survey report of the Sundarbans, Admiralty Charts of 1904 and 1908, and 
Landsat image of 1984, he demonstrated an accretion rate of 7.0 km 2 /year near the 
GBM mouth, east of the Haringhata River during the period of 1792–1984. In con-
trast, the area west of the Haringhata River estuary was eroded at a rate of 1.9 km 2 /
year. A net 1,346 km 2  of land was accreted east of the river mouth during the period 
and the land loss due to erosion in the western delta front was calculated as 368 km 2 . 
Allison ( 1998 ) suggested that the erosion in the delta front of the Sundarbans is due 
to a lack of sediment in the area caused either by the eastward migration of the 
GBM mouth or because of lower sediment delivery from upstream by the local 
tributaries of the Ganges. 

 It is a tidal dominated system and a signifi cant part of it lies within the contour 
area of less than 3 m (Allison  1998 ; Coleman et al.  2008 ). The southwest coastline 
was almost stable up until 1980s since Rennel’s map of 1776 (Stoddart and Pethick 
 1984 , p. 341). However, erosion in the western coast observed by some recent stud-
ies (see Allison  1998 ; Allison and Kepple  2001 ; Mikhailov and Dotsenko  2007 ) 
indicates dramatic change in the region. The future of the GB delta depends on 
multidimensional complex factors, including sediment supply from upstream, local 
land subsidence; changes in local sea level and excess use of water in the upstream, 
which all affect sediments fl ow towards the Bay of Bengal (Nicholls and Goodbred 
 2004 ). Construction of a dam in the upstream area greatly infl uences the normal 
fl ow of water and traps sediment causing less sediment discharge towards down-
stream. Reduced sediment supply will not be able to replenish the land loss of the 
region due to erosion and subsidence. 

 A study by Ghosh et al. ( 2001 ) assessed the shoreline changes of Indian Sagar 
Island, located in the Hoogly River estuary that observed an increase in erosion rate. 
The island showed an erosion rate of 4.45 and 18.75 m/year during 1989–1995 and 
1995–1999 respectively indicating fourfold higher erosion during the later period. It 
was later confi rmed by another study by Kumar et al. ( 2007 ) that compared satellite 
data of 1998 and 1999 and estimated an erosion induced land loss of 3.18 km 2  of the 
same island in just 1 year time. A further study by Mukherjee ( 2007 ) using RS and 
GIS technique, observed a decreasing trend of the areas of islands of the southern 
part of the Indian Sundarbans. The geological and ecological settings of the 
Sundarbans in Bangladesh and India are alike, and erosion in Indian Sundarbans 
indicates that a similar state prevail is likely to in Bangladesh part. A change detec-
tion study using Remote Sensing technique by Islam et al. ( 1997 ) observed a land 
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accretion of 12.00 km 2  during the period of 1933–1987 in the Sharankhola Island 
that covers an area of 75 km 2  and is located at the south-eastern corner of the 
Sundarbans.  

8.3.3     Subsidence 

 Subsidence in the region is an important issue but yet diffi cult to determine accu-
rately and it varies geographically. The rate of subsidence of the delta has been 
calculated as considerably different by different researchers (Morgan and McIntire 
 1959 ; Goodbred and Kuehl  1998 ; Worm et al.  1998 ; Stanley and Hait  2000 ). 
Analysing a collection of evidence and comparing two courses of the Brahmaputra 
River, Morgan and McIntire ( 1959 ) reported high subsidence activities in the coastal 
zone averaging around 15 m in the Khulna region and 5 m in the Coastal region of 
Sundarbans in the last several hundred years, which seems to be an over estimation 
compare to other studies. 

 Subsidence estimation by MPO (1985, cited in Hoque and Alam  1997 ) ranged 
from 0.6 to 5.5 mm/year but could be as high as 20 mm/year in the Surma Basin and 
30 mm/year in the Hatiya Trough. Based on radiocarbon dates, Umitsu ( 1993 ) sug-
gested that the coastal zone of Bangladesh, especially the Khulna region is subsid-
ing at a rate of 4 mm/year. Hoque and Alam ( 1997 ) reported evidence of subsidence 
by an observation of the ground fl oor of a very old building positioned a few feet 
below the land surface. On the basis of Recent and Pleistocene boundary they esti-
mated a subsidence rate of 2.44 cm/year at Hazipur, located near the Brahmaputra 
River in Jamalpur District and 2.0 cm/year at Hizla–Muladi, located on the south 
central coast of Bangladesh. A study by Singh ( 2002 ) suggested a subsidence rate 
of 4 mm/year on the east coast of Bangladesh during the period 1977–1998. In con-
trast, uplift is occurring in the eastern coast of the country. A study by Khan et al. 
( 2005 ) observed uplift on the eastern coast of Bangladesh at a rate of 3.6 mm/year 
in a coastal island Maiskhali Anticline during 18 ka-present and 2.86 mm/year in 
Jaldi anticline on the mainland between 35 ka and present.  

8.3.4     Flood 

 Flood is a recurring experience in Bangladesh. High rainfall in the monsoon, low 
land elevation, river-bed sedimentation, backwater effect, and fl ood-control activi-
ties are major dominating factors for fl ooding in Bangladesh. In normal situation, 
21.5 % of the country’s landmass is fl ooded (Mirza et al.  2001 ), which could be 
extended to as much as to 69 % in 1998 (Ali  2007 ) that was considered as mostly 
affected fl ood of national history. Out of 64, a total of 52 districts were affected by 
the fl ood of 1998 that had a persistence of 74 days, with a national economy loss of 
US$1.4 billion (Mustafi  and Azad  2003 ). Vast area of the country is fl ooded 
annually (Fig.  8.3 ).
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   Having low-lying elevation, the coastal zone of the country is subject to different 
type of fl oods. The south and south-central coastal zone is dominated by rainfall 
fl ood attributed by intense rainfall when input fl ow of water is greater than the 
drainage capacity, whereas the south-eastern coast is dominated by fl ash fl ood 
endorsed by heavy rainfall in the hilly area of the zone resulting short-time fl ood in 
the foothill area. The zone is also subject to tidal fl ooding dominated by tidal water. 
Fifty percent of coastal lands are featured with permanent or temporary inundation 
that reduces the effectiveness of coastal land (Islam  2006 ). Inundation is caused by 
both man-made and natural grounds. Paul and Rasid ( 1993 ) studied district level 
fl ood damage to rice crops in Bangladesh from 1967 to 1988 that revealed that rice 
production of Bagerhat, Barisal, Bhola, Chittagong, Cox’s Bazaar, Feni, Khulna, 
Noakhali, , Patuakhali, and Satkhira districts were affected by fl ood. 

 The South-eastern coastal zone is affected by fl ash fl ood. The severity of fl ash 
fl ood was also enhanced by man-made structure. Choudhury et al. ( 2004 ) studied 
the impacts of coastal embankments on fl ash fl ood of south-eastern coast and found 
an increase both in fl ood depth and longevity in Chokoria Thana, a coastal sub- 
district of the zone, after the construction of embankment. They found that the affect 
of fl ash fl ood increased after the building of coastal embankments in the 1980s that 
was even exaggerated after its rebuilding in stronger structure, after the storm surge 
in 1991. 

 A fl ooding event may affect the whole of the coast. The fl ood of 1998 caused 
damage to 1.6 million hectares of cropland, A study by Islam and Sado ( 2000 ) 
developed a fl ood hazard map for the whole of Bangladesh that revealed the fl ood-
ing extent of 1988 fl ood for administrative districts showing that coastal districts 
could be fl ooded as much as 93 % land area of the district, as was in Gopalganj, with 
an average fl ooding extent of 35.03 % of whole coastal area. 

 Tingsanchali and Karim ( 2005 ) developed a fl ood hazard map of the southwest 
region of Bangladesh, mainly covering the southwest coastal zone and found that a 

  Fig. 8.3    Flood affected area of Bangladesh since 1954–2005 (data source: BWDB)       
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major part of the area is moderately vulnerable to fl ood, with 26 % land categorized 
as highly vulnerable to fl ooding. Flood not only inundates the coastal land but also 
impacts the income of coastal people. Banerjee ( 2007 ) revealed that agricultural 
wages are dramatically declined in the area of severe fl ood and long time water 
stagnation.  

8.3.5     Cyclone 

 Bay of Bengal (BOB), the biggest bay of the world, is surrounding by coastal zones 
of Bangladesh, India, Srilanka, and Myanmar, is a good breeding ground for 
cyclone. The bay generates 5 % of the world’s tropical cyclone with very high 
impacts, representing 80 % of cyclone causalities of the world (Debsarma  2009 ). 
A quarter of the total cyclones generated in the BOB hit the coastal area of 
Bangladesh (Alam et al.  2003 ). Although cyclones are generally generated at 10°N 
or 10°S of the tropics, it becomes strong in shallow areas of continental shelf. Vast 
areas of Bangladesh EEZ is characterized by shallow shelf area of less than 100 m 
water depth, except a deep sea canyon SONG, located 30 km from the shoreline of 
Sundarban coast. Low shelf area, funnel-shaped coastal zone, elevated astronomical 
tides, and numerous coastal inlets create favourable condition to generate cyclone 
and storm surge (Fig.  8.4 ) along the coastal area of Bangladesh (Dube et al.  2009 ).

   Islam and Peterson ( 2009 ) present an account of tropical cyclones on the 
Bangladesh coast over 127 years, for the period 1877–2003, and track a record of 
landfall cyclone of the period, with a conclusion that pre-monsoon (May–June) and 
post-monsoon (October–November) is peak season of cyclone when 70 % of total 
cyclone hit the coast. Bangladesh coast is highly vulnerable to cyclone and storm 
surges that show increasing trends in recent years (Fig.  8.5 ).

  Fig. 8.4    Storm surge destroying coastal area of Patengasea beach       
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   A total of 368,167 ha of crops were destroyed by the cyclone of 1991, resulting 
to a net loss of US$360 million in agricultural sector only. Crop loss by Cyclone 
Sidr and Cyclone Aila were 510,000 ha and 130,897 ha of agricultural land, respec-
tively (Table  8.1 ). It is mentionable that this loss accounts for the immediate loss of 
agricultural production of coastal land and ultimate loss will be many-folds as the 
impacts of cyclone induced salinity intrusion will affect coastal lands for decades. 
Table  8.1  provides an account of the loss of crop land, embankments and rural road 
by 1991 cyclone Sidr and Aila, only on the coastal land of Bangladesh and its asso-
ciated sector. A total of 19,670 ha of saltpan of Cox’s Bazar district are under threat 
of washing by storm surge.

   Cyclone has two types of effects on coastal land. First, it wipe-out all standing 
crops in the fi eld converting productive land to a barren fi eld all at a sudden. Second, 
the long-term impact of cyclone is the storm surges that could go as high as 9.1 m 
(Khalil  1993 ) of wave height with an outcome of the transportation of saline water 
into the coastal land resulting in salinization of coastal soil. Degradation of soil 
quality is long term impact of storm surge.  
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  Fig. 8.5    Decadal frequency of landfall storm along Bangladesh Coast (data source: Islam and 
Peterson  2009 )       

    Table 8.1    Coastal land and associated damage by cyclones   

 Sector  Damage type  1991 cyclone  Sidr (2007)  Aila (2009) 

 Crop land (ha)  Fully  47,673  120,000  31,357 
 Partially  320,494  1,390,000  99,540 
  Total    368,167    510,000    130,897  

 Embankment (km)  Fully  –  362  237 
 Partially  –  1,928  1,557 
  Total    436    2,290    1,794  

 Road (km)  Fully  –  1,714  2,233 
 Partially  –  6,361  6,621 
  Total    2,350    8,075    8,854  

 Reference  Karim ( 1995 )     MoFDM ( 2008 ) 
    GoB ( 2008 ) 

    UN ( 2010 ) 
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8.3.6     Salinity Intrusion 

 Coastal land of Bangladesh is highly affected by salinity intrusion because of its low 
elevation. Soil salinity of the coastal zone is increasing year after year and its expan-
sion may be varied depending on the coastal zone. Soil salinity may exist in coastal 
soil of a few kilometres from the coastline that could widen up, as further as 180 km 
landward. In the wet season, coastal low land is directly inundated by saline water 
adding salt to soil. On the other hand, upward fl ow of underground saline water in 
the dry season raises soil salinity of the coastal zone (Haque  2006 ). A signifi cant 
quantity of salt accumulates in the topsoil of the coastal region of Bangladesh by 
evaporation of soil moisture; particularly in the dry season of February to May; 
when agricultural fi elds are kept fallow and the longer period of fallowness enhances 
the harshness of salinity (Mondal et al.  2001 ). Rice production in the coastal zone is 
rainfall dependent in the rainy season, with additional low-saline river water irriga-
tion in September to October. Coastal land is kept fallow during the rest of the time 
because of the high salinity. 

 The salinity level of coastal soil varies from region to region. Areas closer to the 
shoreline are more saline-prone than those further inland. About one-third of coastal 
soil is strongly saline. The area of saline soil rising as observed by the Soil Resources 
Development Institute (SRDI) that calculated the soil salinity of Noakhali, Jessore, 
Barisal and Barguna District which had increased by about 7 %, 11.5 %, 100 %, and 
124.33 % respectively for the period 1970–2000 (Anonymous  2007 ). The increasing 
trend of soil salinity was also confi rmed by Miah et al. ( 2007 ) indicating that saline 
soil of 52,000 ha in 1983–1984 attained to 203,000 ha in 2005–2006, pointing to a 
salinity increase of four times in the area during a time period of only 21 years. 

 Embankment construction was initiated in Pakistan period, before the indepen-
dence of the country, along different fl ood prone area that was suggested by Krugg 
Mission in 1957 with a view to control fl ood waters. Polder Schemes and Coastal 
Embankment Project, Chandpur Irrigation project, and Muhuri River Project are 
among the larger fl ood control projects, those were implemented in the coastal zone 
of the country (Potten  1994 ; Alexander et al.  1998 ). However, fl ood control 
activities caused water logging in different parts of the coastal zone, when the 
embankments were fl ooded by extreme tidal surges; saline water was trapped inside 
the regulated area and became stagnant. The prolonged standing of saline water 
added salt to agricultural land turning it to saline soil. Thus fl ood control activities 
were a failure in attaining their goal and ironically increased the degree of fl ood 
devastation by increased surge heights and areas of saline water intrusion 
(Chowdhury and Karim  1998 ).  

8.3.7     Land Transformation 

 Coastal agricultural land and mangrove forest have been converted to shrimp farm 
reducing the area of cultivable land. Shrimp farms are created both from agricultural 
land and forest land. Shrimp farming in Bangladesh was limited only around fl ood 
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embankments early in the 1970s that was triggered in mid 1980s with a growing 
demand for shrimp in the world market (Ali  2003 ; Bala and Hossain  2009 ; Siddique 
and Volpe  2009 ), which is expressed in Fig.  8.6 . As shrimp farming is more 
profi table than rice production, people started to convert rice fi elds to shrimp farms. 
Ninety percent of shrimp farming in Bangladesh is done by extensive method 
(Siddique and Volpe  2009 ) where shrimp is produced by minimum input of food and 
nutrients and requires more land, compared to the semi-intensive or the intensive 
method where. To capture more area under shrimp cultivation, agricultural land and 
coastal mangrove forest are prepared for shrimp farm both legally and illegally.

   A study land cover change study by Ali ( 2006 ) in Damarpota Village in Khulna 
worked out that 274 ha of agricultural land, which is 79 % of principal rice fi eld of 
the village, was converted to shrimp farms during the 18 years from 1985 to 2003. 
Conversion of coastal land into shrimp farms not only limits the agricultural land, 
but also degrades the soil quality of the agricultural land. Continuous shrimp 
 farming in the same land results in an increase of soil salinity and acidity; with a 
reduction of soil nutrients, including calcium, potassium, magnesium, and organic 
carbon (Ali  2006 ). The present rate of conversion of coastal land into shrimp pond 
is increasing at a rate of 0.5 % per year. The rate is also alarming for salt bed conver-
sion, which is growing at a rate of 18 % per year (Iftekhar  2006 ). 

 Land transformation was also observed along the eastern part of the coastal zone. 
A news report by Chowdhury ( 2009 ), referring district agriculture offi ce bring up 
that farmer used to cultivate rice in 11,036 ha of land in Teknaf Upazilla of Cox’s 
Bazar District during the period 2004–2005; of which 2,800 ha was used to cultivate 
Boro in summer season. During the year 2008–2009, the rice cultivation area was 
only 863 ha, resulting transformation of rice fi eld of about 2,000 ha into salt-bed in 
a short period of 4 years. 
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  Fig. 8.6    Shrimp/Prawn Farm area of coastal divisions of Bangladesh (   DoF  2009 )       
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 In addition to land use change, it is used in improper way that limits the produc-
tivity of coastal land. A study by Hossain and Lin  (undated)  mapped land suitability 
for shrimp farms, salt beds, and mangrove plantation area of Cox’ Bazar of the 
southeast coastal zone with a conclusion that most of the existing land use was in an 
overlap of the fi tness. Furthermore, there are growing user confl icts between multi 
stake land users (Hossain et al.  2003 ). In addition to the mentioned vulnerability, 
droughts and earthquake add extra vulnerability to coastal land of the country. 
Moreover, landslides are reported in the coastal zone mainly in Chittagong urban 
area and mainly prompted by hill cutting of coastal areas of Chittagong and Cox’s 
Bazar districts.   

8.4     Discussion 

 The coastal land of Bangladesh is vulnerable to fl ooding, erosion, salinity intrusion, 
and cyclonic hazards. As the country is the most densely populated country in the 
world, it is a diffi cult task to relocate population community to further landward. To 
adjust the situation, Bangladesh needs to develop a strategy to protect its coastal 
population. All the foreseen impacts of coastal land will affect the agriculture sector 
of the coastal zone, threatening food security of the country, as agricultural produc-
tion is the basis of the economy of the country. 

 Rise in sea level is a potential long-term threat to the coastal land of the country. 
Most of the studies predict an inundation of 17–20 % of coastal land by 1 m sea 
level rise within a time frame of 100 years. In spite of a great concern of SLR affect 
in Bangladesh, there is a handful studies concentrated on exploring SLR in the 
country. Sea-level rise is one of the signifi cant outcomes of global warming where 
Bangladesh has a little role to play to stop it. However, there is scope of local level 
management to deal with the situation. About one-third of the present sediment 
load infl ux into the coastal zone is capable in keeping pace with the present rate of 
sea- level rise of the zone (Khalequzzaman  1989 ) which in under interruption by the 
embankment building. A normal fl ow of coastal river water and sediment deposition 
from it would have keep pace with the local sea level rise. 

 The exact rate of subsidence in the coastal land of the country is yet unknown. 
However, it is obvious that the rate is high in the area, and is exacerbating the rate 
of local sea-level rise. Potential role of subsidence in accelerating SLR will aggravate 
the sea-level rise impacts on the country. To adjust with the situation, subsidence 
needs to be considered in management process. For a better understanding of local 
subsidence, an in-depth geologic, geomorphologic, and sub-surface survey is in 
priority list where coastal managers need to pay their attention. 

 The south-central coast is very unstable and the change is visible even for short 
period of 1 year. Erosion is observed mainly on the northern part of the coastal 
islands and accretion at the southern part, forming new lands on the southern side. 
This new lands are unstable because of less compactness and bonding and can be 
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protected from further erosion by creating new mangrove forest (Hossain  2001 ). It is 
mandatory by existing rule of Bangladesh that any new land accreted (locally known 
as  Char  land) should go under the jurisdiction of the ministry of forest for a 20 year 
time period to plant mangrove forest for the attaining of soil maturity (Iftekhar and 
Islam  2004 ). After the defi ned time frame the land ownership goes to the ministry 
of land. But the rules are not strictly followed because of poor enforcement and 
rural infl uential people grab the land planted by the forest department. Thus Forest 
department cannot hold the land for 20 years and is unable to handover it to the 
ministry of land resulting the ownership to local peoples who cut the plants of the 
forest department. Deforested new land soon cannot accomplish maturity and end 
up with erosion. The implementation of the mentioned rule need to be effective to 
ensure that accreted land can reach to its development. 

 Flood causes great loss to the life and livelihood. Coastal fl ooding, including 
fl ush fl ood needs due attention to protect coastal land from water stagnation and 
water logging. Although fl ood is proven to be a great disaster in different part of the 
world, it is treated as a soil recharge agent and compensation of sediment loss due 
to sheet erosion, under normal circumstances (Karim  1995 ). Very often, fl ood 
protection activities in Bangladesh become a fl ood causing factor. The reason 
behind this is inappropriate steps for fl ood control activities (Khalequzzaman  1992 ; 
Choudhury et al.  2004 ). To control fl ood, Bangladesh executed engineering 
approach cordoning the fl ood vulnerable area as a protection measure of fl ood fl ow 
without due consideration of some alternative possibilities like heavy rain that could 
overfl ow the cordoned area, or storm surge that could destroy the polder by its high 
energy waves. Rain or surge water trapped inside the embankment results water 
stagnation as rain water does not get any way out. In case of embankment failure, 
narrow outlet discharge little water compare to the net storage inside the embank-
ment wall resulting prolong time for a full evacuation of trapped water. Engineering 
solution to natural process boosted up the magnitude of the problem. Long time 
standing water resulted in degraded soil quality leading to decreased productivity of 
coastal land, and the fi nal output was a decline in agricultural production. Flooding 
contributed to decreased production by damaging crops in the fl ooding year and by 
depreciated soil nutrients in the subsequent years. Indiscriminate polder construc-
tion to protect agricultural land from fl ood may not be a feasible solution for the 
coastal zone of Bangladesh, especially for the Sundarbans coastal area that needs an 
intensive fresh–marine interface for the survival of the ecosystem. 

 Cyclone induced vulnerability of coastal land is associated with the destruction 
of standing crops and a decrease of long-term fertility of the land. A single cyclone, 
as it was in 1970 or in 1991 could ravage the coastal zone stressing the national 
economy. Cyclone shows seasonal variation reaching peak in pre and post monsoon 
season, with highest hit in October, with regional variation hitting highest in Khulna 
and Barisal coast (Islam and Peterson  2009 ). Coastal landuse needs to be designed 
with seasonal and geographic behaviour of cyclone. Paradoxically, death toll from 
cyclone in Khulna coast was lower than Barisal Noakhali or Chittagong Coast even 
though it received highest number of cyclone (31 %) in the last century. 
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The presence of the Sundarbans along Khulna Coastal zone safeguarded the area 
motivating that coastal mangrove forest could provide defence for other coastal area 
from the natural hazard. Creating mangrove forest on newly accreted coastal land 
will protect the area from cyclone affects (Umitsu  1997 ) and will help in stabilizing 
soft coastal soil. 

 A study by Allison ( 1998 ) showed erosion in the Sundarban coast with an indica-
tion of tidal water domination in the area that is dominating in salinity intrusion in 
the southwest coastal zone as the infl uences of tidal water contribute in salinization 
process in a coastal plain. Salinity intrusion imposes high threat to the biodiversity 
of the Sundarban and also to coastal agriculture and fi sheries. Factors infl uencing 
salinity intrusion need to be addressed foremost and integrated in the development 
policies. Coastal management activities, including embankment building deserve 
in-details impacts studies to minimize its adverse impacts and also for a long term 
sustainability. In addition to minimize salinity intrusion, provision of adaptation 
strategy needs to be kept in mind. Introduction of salinity tolerant species for agri-
cultural and fi sheries sectors is a way of attention for coastal farmers. In such a case, 
there must be an obligation of extensive research for the investigation of potential 
impacts of the species to be introduced into the environment. 

 Land transformation, especially conversion of mangrove to shrimp fi eld was a 
mentionable result of wrong development policy of the state. Development strategy 
without proper environmental impact assessment, through a target of fi nancial benefi t 
only, turned productive land into unproductive barren fi eld of saline soil. A possible 
way out from saline soil is to irrigate land with rain water. Farmers are not interested 
to cultivate fi elds of saline soil by the irrigation of rain water because of low harvest 
at the end. Government need to support farmers with incentives to cultivate such 
saline fi eld and thus help desalinization of the land in long run. Donor agencies who 
were mastermind in developing shrimp cultivation in Bangladesh should support 
the country in incentive stimulation. In addition, encroachment of coastal land 
should be ruled strictly. 

 Generally, vulnerability is strongly related to population. From climate change 
perspective, Intergovernmental Panel on Climate Change (IPCC) outlines,

  Vulnerability is the degree to which a system is susceptible to, or unable to cope with, 
adverse effects of climate change, including climate variability and extremes. Vulnerability 
is a function of the character, magnitude, and rate of climate change and variation to which 
a system is exposed, its sensitivity, and its adaptive capacity (IPCC  2007 ). 

   However, all vulnerabilities have two aspects: biophysical and socio-economic 
(Szlafsztein and Sterr  2007 ). Understanding physical vulnerability is the fundamental 
ground for a better portrait of socio-economic vulnerability. The capacity of a 
community may alter the vulnerability extent of a system. Community with higher 
capacity is less vulnerable than a weak community. Nevertheless, community statuses 
do not necessarily infl uence the physical vulnerability of a system itself. This study 
has documented the physical vulnerability of coastal land of Bangladesh. 
Superimposing coastal population will generate a more sensible vulnerability picture 
of the coast.  

8 Multi Hazard Vulnerabilities of the Coastal Land of Bangladesh



136

8.5     Recommendation 

 Having signifi cant coastal zone with low elevation, the country is highly vulnerable 
to sea-level rise. But a scientifi c investigation of SLR along the coastal zone of 
Bangladesh is yet to be done with focus on other physical factors such as land 
subsidence, sedimentation, sediment compaction and relevant tectonic dimensions. 
A thorough study of SLR and its associated impacts are essential to understand 
detailed coastal vulnerabilities of coastal land. It is a challenging task both from the 
technical and the fi nancial point of view. Assessing the rate of local subsidence will 
contribute to come up with a more realistic scenario. The country needs collabora-
tion with international experts of the fi eld, along with ground trothing of the scien-
tifi c investigation reports, promotion of local knowledge, for a better understanding 
of sea-level change related facts and fi gures. 

 Coastal land of Bangladesh is under tremendous pressure from multi-hazard 
threats. A single adverse climatic event can damage coastal lands with full destruc-
tion of standing crops. Keeping provision of disaster mitigation insurance (Atmanand 
 2003 ; Kunreuther  2006 ; Picard  2008 ; Ye et al.  2008 ) could be possible solution to 
back up coastal land users during their crisis period. Some parts of the zone are 
covered by trees that were planted under Green Belt Project, offering a protection to 
cyclone and storm surges. The coastal areas left without green belt need to be 
brought under plantation to have a fi rst order defence against surge event. 

 Erosion and accretion are two sides of coin in the south central coast where coast 
line change occurs dramatically. A close observation of the Meghna River Estuary 
and tidal rivers of the Sundarbans are needed to understand in-details of erosion 
accretion patterns of south-central and southwest coastal area. Although it is diffi -
cult to have an accurate forecast of changing pattern of a coast, but understanding its 
long-time behaviour by historical image analysis will be able to indicate its shifting 
boundary in the zone, such knowledge will be very useful in future land use plan. 

 Coastal land use zoning is important to obtain optimum productivity from same 
area of land. Suitability of coastal land use needs to be identifi ed to avoid land use 
confl icts. Seasonal sharing of coastal land will also maximize its use potentials and 
extensive use in cyclone free period will reduce damage from cyclone and fl ood. 

 Agricultural land transforming to salt bed is one way of using land, and once 
transformed cannot be converted to agricultural land again. Continuous transform-
ing of agricultural land will decrease the rice production, resulting food insecurity 
of the country. It is a vital need to stop the conversion of agricultural land into salt 
bed. It is worthwhile to mention that salt is an important sector from political point 
of view and leaders are not interested to interact with the sector indicating that 
authority might neglect the action of such conversion. The vital point to stop salt 
bed conversion is that the country produces about 0.4 million ton of surplus salt in 
every production season (Taher  2009 ) indicating its self-reliance in the sector. 
A vast area of coastal mangrove, especially southeast and southwest zone is defor-
ested resulting change in ecosystem of the area. Desalinization (Smedema and 
Jenkins  1988 ) of newly salined area will protect further intrusion of soil salinity. 
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Deforestation of coastal mangroves and transformation of coastal land need to be 
stopped by legal implementation. 

 Soil Resources Development Institute of Bangladesh Government develops soil 
map for upazillas of Bangladesh, which is published irregularly. The soil map of the 
coastal zone needs to produce regularly and even a local level map will be helpful 
in decision making of coastal land use. To protect further salinization of the area, 
supply of freshwater should be ensured. There are 54 transnational rivers that fl ow 
into Bangladesh from India and water from many of them was diverted in the upper 
country by barrage building, including the Farrakka having a consequence of 
decreased freshwater fl ow. Bangladesh needs to improve its environmental diplomacy 
to convince this neighbouring country for the achievement of a higher freshwater 
supply from upstream. In addition, feasibility of salinity tolerate species should be 
tested both for agriculture and fi sheries sector, and if any suitable species found 
which is friendly to environment, ecosystem, agriculture and fi sheries of the zone, 
could be introduced to cope with the changing environment. 

 A good assessment of vulnerability needs historical data that is not properly 
collected in Bangladesh. A few efforts exist to collect data, which are irregular and 
poorly maintained, and inaccessible by researchers in the end. Development of a 
coastal database and easy access by researchers to it will facilitate quality research 
in the sector, and output of that will be a good instrument for coastal managers of 
the zone. Data set for individual disaster is essential for a better understanding of the 
vulnerabilities.  

8.6     Conclusion 

 The coastal land of Bangladesh is under potential threat of multi-hazard vulnerabili-
ties. The land area of the coastal zone is extremely vulnerable to sea-level rise, 
fl ood, cyclone, storm-surge, subsidence, salinity intrusion and coastal erosion. In 
addition to these environmental hazards and natural disaster, fresh water eco-system 
is under conversion into brackish and saline system which is subsequently putting 
stress on agriculture in the zone as land transformation from crop to other use are 
evident. Engineering solution such as embankment, dykes, polder building without 
proper environmental impact assessment is a potential threat to the coastal eco- 
system in the long run. Geomorphology of the coastal area is in formative stage and 
such fl ood protection stops sedimentation and land formation process. The state 
needs to prepare early enough to adjust with upcoming impacts, for the protection 
of its large number of coastal population. Afforestation and reforestation of 
mangrove and suitable forest species also contribute to vulnerability reduction and 
enhance resilience in the coastal area. Coastal social and economic as well as physi-
cal infrastructures could be brought under climate and disaster resilient develop-
ment planning and budgeting framework. Climate and disaster risk transfer such as 
insurance policy will help stakeholders of coastal people, community and multi-
purpose business on land. Eco-system based adaptation and disaster risk reduction 
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initiatives in the policy and planning will facilitate a better management of the 
coastal land and environment. Formulation of coastal vulnerability index including 
damage and loss assessment as a basis for planning and resource allocation for 
comprehensive development should get priority attention towards enhancing resil-
ience through vulnerability reduction approach.     
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    Abstract     Equity and justice concerns are the emerging challenges for adaptation as 
the new and agreed research agenda for sustainable solution to the range of issues 
surrounding global climate change in general and water resource management in 
particular. This chapter focuses on implications of policy, programming and budget-
ing for climate change adaptation measures in water sector and subsequent potential 
impact on social, economic and environmental and risk management parameters 
and differential access to its benefi t to different social strata. It is deemed necessary 
to determine the direction, trend and magnitude of the cost of adaptation and the 
differential ability to undertake adaptive initiative. An analysis is made on lessons 
learned about the similarities of disaster risk reduction and climate change adapta-
tion in water sector related to social, economic and environmental aspects involved 
with reference to Bangladesh. Research on the political economy of climate change 
impact on water sector being a cross-cutting issue demonstrate that there will always 
be winners and losers from the extreme events. A number of evidences shared in 
this chapter with reference to water and fl ood management in Bangladesh, which 
may help in judgement for decision making on adaptation with equity and justice 
considerations. Climate change is posing serious threat to poor’s access to common 
pool resources as there is no legal instrument to ensure their right on either water 
resource or even dead channel. Recent studies indicate that Gangetri glacier in the 
Himalaya that feeds the Ganges and Jamuna rivers system will be exhausted by 
2035, which will affect the quality and productivity of the water resources in the 
sub-continent. The wetlands will be fragmented and disconnected from the main 
river system. Since coastal Bangladesh is geomorphologically at the formative 
stage, therefore, structural solutions, such as the building of embankments along the 
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rivers and polders in the coastal regions in Bangladesh, needs careful examination 
and multi-stakeholder consensus on environmental, hydrologic such as tidal river 
dynamics, economic, social and ecological consequences. Approach to water 
resource management issues in Bangladesh in the face of emerging climate change 
scenario is a complex challenge but would be effective and sustainable provided 
watershed-management principle in bigger geographic scale is to be followed to 
address the issues of ecosystem based adaptation with a network of participatory 
interactive approach of management. Water resource development with equity and 
justice framework could be mainstreamed through good governance in agriculture, 
forestry, river management and urbanization, fl ood forecasting, water retention and 
regional cooperation.  

  Keywords     Climate change adaptation   •   Climate justice   •   Equity   •   Poverty and 
vulnerability   •   Water resources  

9.1         Climate Vulnerability: Water Sector Context 

9.1.1     Climate Change Implications on Ganges, Brahmaputra, 
and Meghna (GBM) River Basin 

 Vulnerability to climate change context, Bangladesh is one of the most critical 
countries in the world to climate risks. Two-thirds of the landscape and people of 
the country as well are existing less than 5 m above sea level and are susceptible to 
river and rainwater fl ooding, particularly during the monsoon. Due to its location at 
the tail end of the delta formed by the Ganges, Brahmaputra, and Meghna (GBM) 
rivers, the timing, location, and extent of fl ooding depends on the precipitation in 
the entire GBM basin, not just on the 7 % of the basin that lies within the country. 
Nearly 80 % of the country’s annual precipitation occurs during the summer mon-
soon season, when these rivers have a combined peak fl ow of 180,000 m 3 /s, the 
second highest in the world. Once in every 3–5 years, up to two-thirds of Bangladesh 
is inundated by fl oods that cause substantial damage to infrastructure, housing, 
agriculture, and livelihoods. Low-lying coastal areas are also at risk from tidal 
fl oods and severe cyclones. In the face of emerging climate change scenario, on an 
average once in every 3 years, a severe cyclone makes landfall on the Bangladesh 
coastline (traditional return period once in 20 years), either before or after the mon-
soon. The largest damages from a cyclone result from the induced-storm surges, 
sometimes in excess of 10 m which is increasing in height over time as evidences 
are currently noticed. 1   

1    UNDP/MoEF implemented Community based coastal adaptation to climate change through 
afforestation projects reveals fact that tidal wave over the last 3 years has increased as the baseline 
dyke height erected by the project benefi ciaries are found to be overtopped in Kukri-Mukri, Bhola, 
Barguna and Hatiya sites in recent years.  
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9.1.2     Climate Change Infl uence on Flash Flood and Drought 

 Two determining change factors for variability in climatic elements are the rise in 
temperature and a change in the precipitation regime. These variations of climatic 
elements has wide ranging implications to water sector which has cross-cutting 
implications as it give rise to changes in the human systems of agriculture, industry, 
energy, infrastructure, health, livelihood as well as disaster. In Bangladesh fl ash 
fl oods generally occurs in the north-east, south-east and Chittagong region. But dev-
astating and extended fl ash fl ood is a recurrent phenomenon for the north-east region 
of Bangladesh. Flash fl oods normally occur between mid-April to end April. Recently 
this trend has been changing and local people reported that in recent years fl ash fl oods 
have been coming earlier than usual. Figure  9.1  shows changed fl ooded area due to 
climate change in Bangladesh which has further socio-economic implications. Now 
the question is how strategic policy decisions and adaptation programme intervention 
can address the equity and justice concerns while designing the programme.

   Droughts are a recurrent feature in Bangladesh. The droughts occurring in 
Bangladesh are not meteorological droughts but merely agricultural droughts which 
could be also termed as severe moisture stress. Generally, two critical dry periods 
are notable in Bangladesh (   Karim et al.  1990 ). Rabi and pre-Kharif drought (January/
May), due to: (a) the cumulative effect of dry days; (b) higher temperatures during 
pre-Kharif (>400 °C in March/May); and (c) low soil moisture availability. The 
drought affects all Rabi crops, such as HYV Boro, Aus, wheat, pulses and potatoes 
especially where irrigation possibilities are limited. Drought affects sugarcane pro-
duction. It also affects fruit trees, such as jackfruit, litchi, and banana, which often 
die during this period. But the loss of rice production is the most costly damage 
incurred through droughts in Bangladesh. 

 Kharif drought from June/July to October, created by sub-humid and dry condi-
tions in the highland and medium highland areas of the country (in addition to the 
west/northwest; the Madhupur tract in the central parts of the country is also drought 
prone). Shortage of rainfall affects the critical reproductive stages of transplanted 
Aman rice crops in December, reducing yield, particularly in those areas with low 
soil moisture holding capacity. With the increase in global temperature, this trend 
will has further aggravating impacts on dry season agriculture. 

 Water is so central to the lives of rural communities in Bangladesh that anything 
that affects these resources has livelihood implications. Bangladesh is a country 
where agricultural production is the mainstay of the rural communities’ livelihood 
system, and therefore livelihood strategies are inextricably linked to the nation’s 
water resources management. Management of water resources has critical implica-
tions for people’s lives and livelihoods for overall economic development and for 
social prosperity. Social theories of justice, equity and fairness underscore the need 
for ensuring social justice in water resource management (Syme et al.  1999 ; Tisdell 
 2003 ). The equity concept implies protection of water rights and access to safe 
drinking water, which is a basic human need. According to Phansalkar ( 2007 ), 
equity in access to and use of water and the distribution of the impacts of water 
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resource development intervention have four elements: (1) Social equity: equity 
between different groups of people living in the same location. (2) Spatial equity: 
equity between people living in different regions (Saleth and Dinar  2004 ). (3) 
Gender equity: equity between men and women in sharing labour costs, efforts to 
access and use water, and its benefi ts. (4) Inter-generational equity: equity in enjoy-
ment of natural resources, including water across generations of people (Divan and 
Rosencranz  2005 ). 

 The focus of water sector activities has been on coastal embankment, fl ood 
control, drainage and irrigation to support the agriculture sector. As a result, the role 
of water in other sectors, such as domestic water supply and sanitation, fi sheries, 

  Fig. 9.1    Changes in fl ooded area in Bangladesh in 2030s and 2050s       
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navigation, industrial uses, hydropower, ecology and nature and disaster manage-
ment, has mostly been neglected (Ahmad  2003 ). However, the 1999 National Water 
Policy (NWP) recognized for the fi rst time the role of water in poverty alleviation 
and called for inclusive water management, taking into consideration the national 
goal of poverty alleviation, amongst others (   Ministry of Water Resources  1999 ). 
The policy was further revised in 2000 and approved by the government. To facilitate 
the implementation of the NWP, the government approved a 25-year National Water 
Management Plan (NWMP) in 2004. The plan provides guidelines to develop pro-
grammes for better management of water resources in the country. The main 
elements of the NWMP include the multi-use approach to water (not just fl ood 
protection but also irrigation, drinking water and other uses) and an emphasis on 
“soft” approaches, such as better management of water resources, instead of just 
hard engineering approaches. 2   

9.1.3     Socio-Economic Dimensions of Vulnerability 

 Bangladesh is a low-income country with many development challenges. Although 
it has achieved an annual average growth rate of 6 % over the past decade, and made 
signifi cant progress towards achievement of the Millennium Development Goals 
(MDGs), around one third of its population still lives below the poverty line and 
17 % or some 27 million people still live in extreme poverty (   Household Income 
Expenditure Survey  2010 ). 

 During 1980–2008, country was affected by 219 natural disasters or more than 
seven disasters per year causing over USD16 billion in damage and most of them 
climate induced water related. Naturally, one of the most pressing development chal-
lenges for Bangladesh is the protection of the population and resources from the disas-
ters that regularly devastate the country and turn the clock back on development gains. 
According to a UNDP estimate, Bangladesh, situated on one of the globe’s largest 
river delta, is the world’s sixth most vulnerable country to fl ood. In a normal fl ood 
year, nearly 20 % of Bangladesh’s land mass is covered by nutrient- rich, manageable 
fl oodwaters. Yet during a periodic or disastrous fl ood, such as that of 1998, up to 68 % 
of landmass can be covered causing tremendous damage. 3  Bangladesh’s geographical 
position also puts it regularly in the path of tropical cyclones from the Bay of Bengal. 
For the numerous and densely populated communities who live along the coast line, 
these cyclones and the tidal surges they cause not only represent immediate danger 
but also means loss of livelihood through loss of cultivable land associated with 
increased water salinity and raise in water tide level over time. Arguably, the most 

2    Golam Rasul and A.K.M Jahir Uddin Chowdhury: Equity and Social Justice in Water Resource 
Management in Bangladesh, IIED, Gate Keeper Series, London, July 2010.  
3    Quoted from: Supporting Transformational Change: Case Study #6: Bangladesh: Disaster Risk 
Reduction as Development, UNDP, NY,  2012 .  
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signifi cant measure of this success in disaster and climate risk reduction interventions 
are contributing factors for the dramatic reduction in lives and livelihoods destroyed 
when natural disaster strike. Historically deaths from single events such as cyclones 
in Bangladesh have reached into the hundreds of thousands. However, progressively 
higher investment in disaster risk reduction mostly on embankment and cyclone shel-
ters shows that the general trend has been steadily downwards. 

 The predicted effects of climate change will compound this already-complex 
disaster scenario which calls for huge adaptation investment in disaster and climate 
risk reduction initiatives. The UN Environment Programme identifi es Bangladesh 
as the most vulnerable country in the world to rising sea levels, highlighting that a 
1.5 m rise would submerge 16 % of the country and directly affect 17 million people. 
This is in addition to effects already being felt through the increased frequency and 
severity of sudden-onset disasters like fl oods or cyclones, or slow-burn threats like 
drought caused by heavy siltation and low dry-season water levels that decimate 
agricultural production (   IPCC  2001 ). 4    

9.2     Adaptation Strategy and Equity and Justice Implications 

 This chapter is in favour of two approaches in adopting adaptation strategy in natu-
ral resource management particularly water resource management to follow the 
management principle of the common pool resources being the last resort to main-
tain minimum space for the environmental integrity as well as survival of the vast 
majority of rural resource poor people. Strategy is to create an enabling condition 
for the rural poor people organizing under the cooperatives to enable them accessing 
and management of common pool resources for their benefi t and at the same time 
providing the environment services to the wider society. 

 Another principle is the emphasis on non-structural approach of adaptation strat-
egy with due consideration of equity and justices could be drawn effectively based 
on assessment of vulnerability. Very often, vulnerability assessment of water 
resources incorporates only physical components consisting, for example, of water 
scarcity calculations using the water scarcity index which can be defi ned as the 
ratio of water demanded to the supplied volumes. Following this index, a number 
of studies have been carried out at the global scale (Vörösmarty et al.  2000 ). 
However, annual level assessment of water scarcity does not incorporate the fact of 
inter- annual seasonality as well as socio-economic implications. For example, large 
parts of monsoon Asia suffer from severe water scarcity in dry periods while the 
average annual resource availability appears to be plentiful. In addition to this, as 
stated above, the water scarcity calculation considers water only as a “physical 
resource”, rather than as one component of a much broader and more complex 
water resource system. 

4    International Panel on Climate Change.  
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 Researchers working with adaptation assume that climate changes are to some 
degree inevitable or it may be more effi cient to rely on adaptation than mitigation. 
Adaptation refers to all those responses to climate change that may be used to reduce 
vulnerability or to actions designed to take advantage of new opportunities that may 
arise as a result of climate change (   Burton et al.  1998 ). “Adaptation involves adjust-
ments to enhance the viability of social and economic activities and to reduce their 
vulnerability to climate, including its current variability and extreme events as well 
as longer-term climate change” (Smit 1993, quoted in Smit et al.  2000 ). 

 Discussion of vulnerability and adaptation in developing country contexts often 
highlight the importance of poverty and inequality- or differential resource access 
(Adger and Kelly  1999 ). Kates ( 2000 ) argues that different groups and places within 
countries differ in their ability to adapt and that division between rich and poor 
translate into differentials in people’s ability to adjust and in access to adjustments. 
This author argues for a focus on poor people, rather than a focus on poor countries, 
in efforts to facilitate adaptation among the global poor. 

 Environmental management and mismanagement are moving toward the centre 
of the adaptation debate. The “Summary for Policymakers” in IPCC ( 2001 ) states, 
“Policies that lessen pressures on resources, improve management of environ-
mental risks, and increase the welfare of the poorest members of society can simul-
taneously advance sustainable development and equity, enhance adaptive capacity, 
and reduce vulnerability to climate and other stresses.” 

 Given the socio-economic condition of Bangladesh, there are several strong 
reasons to adopt anticipatory rather than a reactive strategy (World Bank  2000 ). 
These include:

•    Some impacts of climate change are gradual, long term and may be irreversible. 
Changes in long-term trends may lead to deaths, species extinction, or loss of 
valuable ecosystems, which cannot be reversed. Anticipatory measures strive to 
ease or change these trends.  

•   Some impacts of climate change increase the intensity of extreme events, such as 
cyclones and fl oods. While reactive measures are used to respond to the latest 
events, anticipatory measures mainly aim to increase the effectiveness and effi -
ciency of such reactive measures.  

•   Long-term performance of some decisions and investments may be affected by 
the impacts of climate change. Major infrastructure works such as dams are 
designed to last several decades. If their design does not take climate change into 
consideration, their effectiveness in providing services might be under stress in 
the future.    

 The anticipatory adaptation measures in Bangladesh context should be aimed at 
taking measures to reduce vulnerability by (a) minimizing the negative impacts of 
climate change, or (b) enabling reactive adaptation to come about more effi ciently. 
Reducing vulnerability should be directed towards making the system (both resource 
and users) functional under a wider range of conditions as well as a system which is 
fl exible to respond to quick repair and adapts itself (World Bank, Report No 
 21104- BD,  2000 ). Particularly institutional arrangements demands for a new 
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strategic reform intervention in order equip to address the complex issues of climate 
change impact through coordination, integrated planning, information manage-
ment, research and international action (World Bank, op cit.). 

 While Bangladesh is already suffering from major extreme events, and is 
relatively well equipped in disaster response, the country lacks the capacity and 
mechanism to account for long-term changes. There remains a serious lack of real 
time data in monitoring and preparing for these events. Given the overriding 
importance of the coastal and water resources in the development of Bangladesh, 
such vulnerability remains a key threat to the country’s potential for sustainable 
development.  

9.3     Climate Impact on Water Sector and Likely Investment 

 Potential and existing impacts on life and livelihood due to climate variables and its 
variability needs to be addressed are mostly centred on water resource management. 
Bangladesh Climate Public Expenditure and Institutional Review Study 5  identifi ed 
likely investment against climate impact variables and impacts by sectors as shown 
in Table  9.1 .

   Both Climate Trust Fund and Multi donor Climate Trust Fund known as 
Bangladesh Climate Resilience Fund gives emphasis on priority investment in 
Coastal Zone Management from the perspective of climate change adaptation. 
Changing hydro-meteorological dynamics in the face of emerging climate change 
scenario calls for water regime specifi c vulnerability analysis to design need respon-
sive pro-poor appropriate techniques and technology in water resources manage-
ment with blending of soft and hard technology ensuring eco-friendly solution with 
equity and justice consideration. In this context it is worthy to refer the fact that 
historically; much attention has given on engineering solution such as using hard 
structures including polders for protection of agricultural land from salty tidal wave 
and seawalls to protect coastlines susceptible to sea level rise. A number of feasible 
“soft” protection and adaptation options are also possible. However, integrated 
coastal zone management and ecosystem-based adaptation are proven frameworks 
that can facilitate the implementation of appropriate accommodation strategies. 
These strategies include measures such as coastal forest rehabilitation, beach dune 
restoration, and design structures that take the dynamic changes in the coastal zone 
into consideration. In many cases, these accommodation strategies—such as con-
structing homes on stilts rather than surrounding them with barriers—may provide 
a more cost-effective and resilient approach for adaptation. Where such measures 
are not possible, some communities may have to undertake a policy of retreat, 

5    Public Expenditure in Climate Change: Bangladesh Climate Public Expenditure and Institutional 
Review (CPEIR), GED, Planning Commission, Government of Bangladesh, supported by UNDP, 
Dhaka, May  2012 .  
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   Table 9.1    Climate variables, potential impacts and likely area of investments a    

 Climate variables  Potential impacts   Likely investment in water sector 

 Cyclones (increased 
frequency and 
severity) 

 Storm surges 
 Wind speed 

 Early warning systems 
 Cyclone shelters and raised land ( killas ) 
 Dykes/embankment construction 

 Heavier, erratic 
rainfall in 
monsoon 

 Higher river fl ows 
 Drainage congestion 
 Flooding in rural/urban 

areas 

 Early warning systems 
 Improved O&M of embankments 
 Design upgradation of fl ood protection 
 Irrigation/water supply projects 
 Improved water management 
 Homestead raising/raising roads/railway 

tracks 
 Flood proofi ng improved/resistant crops, 

changes in cropping systems 
 Lower and more 

erratic rainfall in 
other seasons 

 Droughts and scarcity of 
drinking water 

 Improved irrigation and water 
management 

 Provision of drinking water/improved/
resistant crops, changes in cropping 
systems 

 Melting of 
Himalayan 
glaciers 

 Often higher river fl ows 
in short to medium term 

 Often reduced fl ows and 
increased saline intrusion 

 Dykes/embankment construction 
 Provision of clean water 

 Sea level rise  Coastal embankments 
overtopped 

 Saline intrusions into surface 
water and groundwater 

 Drainage congestion 
 Migration and higher 

urbanization in main 
lands 

 Design upgradation of coastal protection 
 Improved O&M 
 Improved/resistant crops, changes in 

cropping systems/improved and 
redesigned drainage system 

 Provision of portable water/human 
relocation 

 Industrial relocation 
 Warmer and more 

humid weather 
 Increased prevalence of 

disease and disease 
vectors 

 Health education/awareness/knowledge 
development/immunization/other 
prevention programmes/provision 
of clean water 

 Provision of sanitation 

   a  Source : UNDP ( 2012 ), quoted in the CPEIR Report of GED, Planning Commission, GOB, Dhaka, 
May 2012  

relocating away from vulnerable areas. Needless to say, this alternative has serious 
implications for land ownership and compensation (Michel and Pandya  2010 ). 

9.3.1     Adaptation to Flooding in Bangladesh 

 Floods are already a major on-going concern of Bangladesh and this problem may 
be exacerbated by global climate change. Some climate model projections suggest 
that the greenhouse effect will enhance both ends of the hydrologic cycle, producing 
more instances of extreme rainfall as well as increased drought (   Hansen et al.  1989 ; 
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   Golitsyn  1989 ). Thus, fl oods may become an even greater threat as the world warms. 
In some instances, the expected rise of sea-levels may aggravate the vulnerability of 
coastal countries to fl oods. The fl oods of 1987 and 1988 proved very damaging to 
Bangladesh, forcing millions of people from their homes for long periods of time. 
The fl ood of 1998 is considered to be one of the most natural disasters by the coun-
try in the twentieth century as it continued for 65 days and affected about 68 % of 
the geographical area (Chowdhury  1998 ). Approximately 1.3 Mha of standing crops 
were fully or partially damaged. Total economic losses amounted to US$3.3 billion 
(8 % of GDP, 1998 value), according to a study by    Chowdhury and Khouri ( 1999 ). 
It is fact that the people of Bangladesh showed a remarkable resiliency to the 1988 
fl ood, which help facing fl ood of similar magnitude occurred in 1998, 2004 and 
2007 and this ability to adapt will be increasingly important to coastal countries that 
will experience increased inundation even under a low climate change scenario. 

 Over 80 % of the population lives in rural areas, and over half still depends on 
agriculture for livelihood. Increasing population density and agriculture dependence 
compels people to inhabit fl ood-vulnerable areas, intensifying fl ood impacts and 
placing severe constraints on fl ood control options. 

 The response of the foods of 1988 has been a renewed emphasis on fl ood protec-
tion. A series of studies of “the Bangladesh fl ood problem” culminated in a Flood 
Action Plan-FAP (   World Bank  1989 ) involving some 26 component studies cover-
ing a wide range of issues. As    ISPAN ( 1992 ) explains, opinions can be distilled into 
two opposing approaches for dealing with abnormal fl ooding:

•    Bangladesh cannot be left to suffer disastrous fl oods indefi nitely. All major rivers 
need to be progressively contained, so as to reduce the risk of abnormal fl oods 
and thereby enhance economic activity.  

•   It is technically and economically infeasible to prevent abnormal fl ooding, and 
embankments would create as many problems as they solve. A better approach is 
to build on the ability of Bangladeshis to cope with, and recover from, fl ooding.    

 These proposed interventions ranging from an almost purely structural “once- 
for-all” massive engineering solution, to a mainly non-structural “living with the 
fl oods” approach. The debate was subsequently short-circuited by a set of 11 prin-
ciples prepared to guide future studies; directives from senior levels of Government 
to proceed despite the unresolved issues; and also, in part, international commercial 
interests that favored structural interventions. 

 FAP was strongly opposed by local and international NGOs, organized around a 
coalition of environmental NGOs that initially raised awareness through public 
meetings outside Bangladesh. The opposition to FAP challenged a number of basic 
assumptions related to structural fl ood control, among these, that fl ood control was 
desirable; that the major rivers could be embanked sustainably despite large sedi-
ment loads and alluvial soils; that structural measures were affordable; and that 
planners could work in isolation from the people for whom the interventions were 
intended. The FAP process gradually produced a consensus on several issues, 
among them support for a softer “controlled fl ooding” concept in place of the more 
hard-edged idea of “fl ood control;” the need for greatly enhanced people's 
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 participation; and an emphasis on improving drainage through dredging planned at 
the river system level. In the end, the FAP did not recommend large-scale works; 
rather, it initiated guidelines on people’s participation and environmental assess-
ment which takes care of equity and justice issues as well.  

9.3.2     Climate Change Adaptation and Environmental 
Impact of Flood Control Projects 

 A common strategy employed to reduce the fl ood and tidal surge threats is to con-
struct embankments and coastal polders. The coastal polders consist of about 
5,000 km embankment and about 2,500 water control structures. A total of 5,695 km 
of embankments, including 3,433 km in the coastal areas, 1,695 fl ood control/regu-
lating structures, and 4,310 km drainage canals have been constructed by the 
Bangladesh Water Development Board during the last several decades. A contro-
versy of the long-term effectiveness of embankments exists in Bangladesh where 
fl ood embankments have been the cornerstone fl ood control plans. Between the 
1950s and 1980s there has been enormous government and donor expenditure on 
constructing embankments along the country’s major and secondary rivers and 
coastal front, but the country remains exposed to devastating fl oods. 

 At present, existing polders, an early warning and evacuation system, and more 
than 2,400 emergency shelters to protect coastal inhabitants from tidal waves and 
storm surges. However, in a changing climate, it is estimated that 59 of the 123 
polders would be overtopped during storm surges and another 5,500 cyclone shel-
ters (each with the capacity of 1,600 people) to safeguard the population would be 
needed. Investments including strengthening polders, foreshore afforestation, addi-
tional multi-purpose cyclone shelters, cyclone-resistant private housing, and further 
strengthening of the early warning and evacuation system would cost more than 
$2.4 billion with an annual recurrent cost of more than $50 million. However, a 
conservative damage estimate suggests that the incremental cost of adapting to 
these climate change related risks by 2050 is small compared with the potential 
damage in the absence of adaptation measures. 6  

 Embankments have been a central feature of water management for rivers in 
Bangladesh. For some rivers in Bangladesh, such as the Ganges and the Gumti, the 
social and environmental effects of embankments have been positive. For others, 
including a few rivers in the northwest and north central regions, embankments have 
caused signifi cant technical, social, and environmental problems such as (a) lack of 
replacement land (b) lack of employment for the displaced, (c) opposition to placing 
the embankment at a safe distance from the river by people living outside the 
embankment, (d) embankment cutting by people on the river side who believe that 

6    Susmita Dasgupta et al. (2010) Vulnerability of Bangladesh to cyclones in changing climate: 
Potential Damage and Adaptation Cost, Policy Research Working Paper 5280, The World Bank. 
Web at   http://econ.worldbank.org    .  
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cuts will abate a fl ood, and by people on the other side whenever there is drainage 
congestion (e) unstable river movement resulting in severe bank erosion, (f) 
obstructing the movement of fi sh to the fl oodplain inside the embankment, thereby 
reducing capture fi sheries that sustain many of the poorest people (g) possible 
changes in aquatic ecosystems and water quality in some areas.  

9.3.3     Adaptation Cost Issues in Water Sector 7  

 The human cost of embankment construction varies greatly between countries, but 
globally it is insignifi cant. Locally it can be devastating. A disproportionate number 
are people from tribal or landless people. A total of USD 13.69 billion is estimated 
as incremental adaptation costing for major investment components in the water 
sector. Majority of the investment proportion is planned to be invested for the fl ood 
management (26 %) followed by protection of coastal zone (23 %), irrigation and 
drought management (22 %), water supply and sanitation (14 %), urban drainage 
(12 %) and erosion control and dredging (3 %). By 2050, total investments of $5,516 
million and $112 million in annual recurrent costs will be needed to protect against 
storm surge risk, including that from climate change, of this, strengthening 43 pol-
ders against existing risks requires investments of $2,462 million and annual recur-
rent costs of $49 million. World Bank estimated (WB  2010 ) cost of adaptation for 
tropical cyclones; storm surges and inland fl ooding are shown in Tables  9.2  and  9.3 . 
It is important to note that cost of lost livelihoods options and ecosystem based 
services as a special case under climate threat is missing in such exercise.

    Tropical cyclone-induced storm surges. Since the 1960s, Bangladesh has made 
signifi cant investments in embankments, cyclone shelters, and coastal afforestation 
and in disaster preparedness to address the risks from cyclones and storm surges. 

   Table 9.2    Cost of adapting to tropical cyclones and storm surges by 2050 ($ million)   

 Adaptation option 

 Baseline scenario 
(existing risk) (1) 

 Baseline scenario 
(additional risk due 
to CC) (2) 

 CC scenario [total 
risk = (1) + (2)] 

 IC  AMC  IC  AMC  IC  AMC 

 Polders  2,462  49  893  18  3,355  67 
 Afforestation  75  75 

 Cyclone shelter  628  13  1,219  24  1,847  37 
 Resistant housing  200  200 
 Early warning system  39  8  39  8 
 Total  3,090  62  2,426  50  5,516  112 

   Source : World Bank ( 2010 ) 
  CC  climate change,  IC  investment cost,  AMC  annual maintenance cost  

7    Bangladesh Water Sector Assessing the Investments & Financial Flows Required to Adapt to 
Climate Change.  
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However, these investments are not suffi cient to address the existing risks and much 
less the future risk from climate change. Adaptation measures evaluated were (a) 
embankments, (b) afforestation, (c) cyclone shelters, and (d) early warning systems. 
Protecting Bangladesh against existing storm surge risks requires $3,090 million in 
initial investments and $62 million in annual maintenance costs. Addressing the 
additional risks due to climate change will require additional investments of $2,426 
million and annual maintenance costs of $50 million by 2050 (Table  9.3 ). Despite 
differences in methodology, climate scenarios, economic assumptions, and scope of 
coverage, these costs are of the same order of magnitude as the adaptation costs 
estimated for Bangladesh from the global track of the study of around $13 billion 
over the 40-year period.   

9.4     Types of Adaptation Measures in Water Sector 
and Equity and Justice Issues 

 Adaptation response to water crisis due to increase warming and scarcity of water 
source, construction of big irrigation canals establishes relatively large farmers’ 
property rights over water. Small and marginal farmers, who use natural water bod-
ies to irrigate their farms using traditional methods, consequently face diffi culties 
that often affect their livelihoods with stress from climatic factors. Most of the fl ood 
control and water conservation projects benefi t the richer sections of society by 
creating opportunities for culture fi sheries or fi sh farming, but the poor do not have 
enough capital to invest in culture fi sheries. 

 Proponents of embankments as one of the options for adaptation measures tend 
to hold the view that if all the social and economic implications of most projects are 
taken into consideration, with clear description of benefi ts that accrue to regions and 
nations as a whole, the advantages of these projects outweigh their disadvantages. 
For opponents of large dams and embankments, if all the social and environmental 
costs of large dams and embankments are taken into account, particularly how land 
and livelihoods have been affected, the magnitude of the disadvantages of such 
projects would appear clearly and would call such interventions into question. This 

    Table 9.3    Total adaptation cost for inland fl ooding by 2050 ($ million)   

 Adaptation option  Investment cost 
 Annual 
recurrent cost 

 Transport—road height enhancement  2,122  42 
 Transport—road cross-drainage  5  – 
 Transport—railway height enhancement  27  1 
 Embankment—height enhancement  96  2 
 Coastal polders—cross drainage  421  8 
 Erosion control program  1 
 Total costs  2,671  54 

    Source : World Bank ( 2010 )  
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part is discussing the issues on embankment as one of the options for adaptation to 
climate change measures as on-going initiatives with Climate Resilient Fund (Multi- 
donors climate trust Fund) and Climate Trust Fund of the government’s own 
resource as well as Priority Pilot Resilience Projects (PPRC) has a common consid-
eration on strengthening of coastal embankments as a means for adaptation to cli-
mate change. This chapter emphasizes the adoption of past learning to avoid the 
hidden risks and long term hydro-ecological disasters. 

 Thompson and Penning-Rowsell ( 1994 ) examined the impact of a major fl ood 
control, drainage and irrigation (FCDI) project on households and compared with 
conditions in a fl ood prone area. They assumed that in fl ood prone areas unusual 
fl oods would cause loss of agricultural production and other damages, thus reducing 
incomes, and that poor households would be more vulnerable to this becoming a 
disaster, resulting for example in sales of assets including land. 

 In their study, they also found that if embankments breach then agricultural 
losses are likely to be greater than they might have been without a project. 
Subsequently in that project there has been a dramatic increase in agricultural pro-
duction, but it remains to be seen whether expected agricultural returns will be 
greater with projects (but they would now appear to be higher). However, household 
vulnerability has not clearly been reduced by fl ood protection given the uneven 
distribution of benefi ts, the continued variation in agricultural performance, and the 
increased losses when projects fail. Loss of land to the embankment and other proj-
ects, often with inadequate compensation, has also added to the disproportionate 
distribution of benefi ts causing strains on social integration. 

 It is evident from Bangladesh experience that the material damage is compara-
tively worse inside the embankment than in areas outside subject to  either breach-
ing  or drainage system failure leading to waterlog situation. Embankments impede 
the movement of freshwater fi sh and cut off their spawning areas, threatening the 
occupation of more than a million fi shermen and jeopardizing the already marginal 
supply of animal protein in the diet of the majority of the population. Fisheries sup-
ply over 70 % of animal protein in a typical diet in rural Bangladesh. Last but not 
least, embankments deprive the farmers from the benefi cial effects of “normal” 
seasonal fl oods. Normal annual fl ooding in Bangladesh, known as  borsha , is a part 
of peasant life and is viewed as a benefi cial phenomenon (   Paul  1984 ). It produces 
leaching and eluviations processes which have rejuvenated the soil water properties 
and fertility of soils in the region for centuries. 

 Current coastal embankments in Bangladesh are not designed to deal with 50- 
and 100-year storms. Embankment failure is therefore a serious possibility which is 
proven during the super cyclone Sidr in 2007 and Cyclone Aila in 2009. Due to 
breaching in embankments and submergence of the protected areas for a longer 
period forced migration of the inhabitants. Increased salinity has also converted 
agricultural land not cultivable for a near future pushes people migration into cities 
from rural areas. This is another emerging problem of population displacement, 
migration and overcrowding cities making the management of employment and 
services for large numbers of migrants. The latter problem may be compounded in 
coastal cities, where ground water is likely to become more saline. 
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 Even if the proposed embankment succeeds in achieving its fl ood control aims, 
it is likely that the accelerated bank erosion of these braided rivers might outweigh 
the benefi ts in this land scarce country (Table  9.4 ). This is because riverbank ero-
sion hazards can lead to the displacement of hundreds of people, and this effect 
becomes a permanent feature, whereas the effects of seasonal fl ooding are tempo-
rary (Haque  1988 ).

   Water logging created by embankments has long-term impacts on the local 
environment, society and economy. It has particularly affected the agrarian com-
munity, landless and marginal people. Farmers and landless people engaged in 
farming activities are now compelled to change their occupational status due to 
water logging (Haque and Zaman  1994 ). People living in the area are facing serious 
energy crisis due to loss of trees, plants and crop residues. The ecology and environ-
ment as well as biodiversity have radically been changed due to water logging. Even 
the availability of livestock and poultry has declined due to the situation. As a con-
sequence, consumption of animal products has decreased. The female members of 
the households especially the poor, destitute and vulnerable women face hard times 
who are primarily responsible for procuring drinking water and cooking fuel from 
locality. They have to travel longer distances to collect drinking water and fuel. 
Many of the children have stopped going to schools due to breakdown of communi-
cation resulting in the lower literacy rate. 

 The above discussions reveal the fact that some groups of people tend to be net 
losers from embankment projects, as they are disproportionately affected by nega-
tive effects of embankments while almost excluded from access to benefi ts gener-
ated. The paper makes the point equity is more concerned about protecting the poor, 
the vulnerable. 

 Equity directs attention to those who are more at risk—the people whose interest 
are less likely to be acknowledged and protected. Thus equity points to the vulner-
abilities of isolated, less powerful populations, indigenous cultures, women and all 
for whom development can all too easily mean loss. Similarly, the issue of distribu-
tion arises in relation to those who will not benefi t from a project, and is concerned 
to identify where the distribution of benefi ts has the potential to be unfair. This 
focuses more on those at risk of being net losers and is less concerned about the 
overall or macroeconomic nature of distribution. 

 There are streams of benefi ts and costs at the various stages of embankment 
projects. Some of these impacts are tangible others are not; some are directly attrib-
utable to the embankments while others are indirect effects. Some of the impacts 

   Table 9.4    Estimated fi gure of embankment construction over years and percentage damage saved   

 Year 
 Embankment 
(km) 

 Benefi ted 
area (km 2 ) 

 Storm surge 
height (m) 

 Potential damage 
saved area (km 2 ) 

 1985  3,661.33  7,569.82  4.6  1,062 
 1991  3,661.679  9,216.536  6.7  0 
 1997  4,252.411  10,395.752  4.6  1,233 
 2007  4,588.835  10,985.36  4.6  1,331 

   Source : UNDP commissioned study to CEGIS on Disaster Risk Reduction Investment Reduces 
Costs of Response: A case study on Cyclone, prepared based on BWDB data, 2009  
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might manifest themselves at early stages, others take several decades before being 
noticed. Some of the impacted groups live in the vicinity of river/coastal embank-
ment, while others live in remote areas and even distant countries.  

9.5     Adaptation with Equity and Justice: Lessons 
from the Coastal Flood Management 

 Flooding is a natural phenomenon, which cannot be prevented. Complete fl ood 
control is not in the interest of most Bangladeshi farmers. The fl ood control mea-
sures and policies should be directed to mitigation of fl ood damage, rather than 
fl ood prevention. Resources should be allocated to help people to adopt a life style 
that is conformable to their natural environment such as in coastal area tidal river 
management. Adaptation strategies such as changing the settlement pattern prefer 
for disaster resilient cluster village, cyclone resilient housing structures and climate 
resilient crop patterns can help reduce fl ood or drought damage. Moreover, good 
governance, appropriate environmental laws, acts and ordinances will be necessary 
to achieve sustainable economic development and to reduce any environmental 
degradation. In addition, implementation of an improved real-time fl ood and 
drought control warning system can reduce damage caused by disasters. Therefore, 
structural solutions, such as the building of embankments along the rivers and 
polders in the coastal regions in Bangladesh, will not solve the fl ooding problems, 
but will result in many adverse environmental, hydrologic, economic, social, eco-
logical, and geologic consequences. Solutions to fl ooding problems can be achieved 
by adopting and exercising ecosystem based adaptive natural resource management 
practices including agriculture, fi sheries, horticulture, forestry, sustainable land use 
planning, rain water harvesting, renewable energy promotion, good governance, 
river and water resources management, urbanization, fl ood forecasting, and regional 
cooperation. 

 Despite all these steps that have been taken, there are still numerous things that 
need to be further addressed to achieve equity and social justice in water sharing and 
allocation of water resource management. In order to make the most equitable deci-
sion, one has to consider and evaluate the interventions on the basis of their hydrau-
lic, environmental, ecological and socio-economic consequences. Hence for water 
management to be equitable, planning needs to encompass the following:

•    Ensure pro-poor multi-stakeholder based objective planning;  
•   Form water and ecosystem-based local management zones through a participa-

tory approach;  
•   Ensure informed decision making with detailed information based facts and 

 fi gures public participation.    

 Complete fl ood control is neither feasible nor desirable. Lessons from other 
countries suggest that a combination of measures is the most useful approach: fl ood 
control structures, fl ood proofi ng, and managed diversion of fl oodwater that does 
not threaten the ecological balance. 
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 Valuable lessons for managing fl oods and water resources in Bangladesh are the 
need to:

•    Include the ultimate benefi ciaries in all stages of project development.  
•   Integrate structural and non-structural measures for both fl ood mitigation and 

water management, covering protected and unprotected areas alike.  
•   Upgrade methods of fl ood forecasting and warning, fl ood proofi ng and disaster 

management, and fl oodplain zoning.  
•   Provide sound embankments to protect urban areas from fl ooding.  
•   Introduce controlled fl ooding to rural areas, and compartmentalize water 

management.  
•   Stress bank protection and river-training works, not just for social and economic 

reasons but also to safeguard the water management infrastructure.  
•   Ensure that all users receive their fair share of water as availability declines in the 

dry season.  
•   Improve fl ood fl ow conveyance and land reclamation in both coastal and riverine 

areas and introduce active fl oodplain management.  
•   Adhere to guidelines for project planning and implementation, including those for 

project assessment, environmental impact assessment, and public participation.    

 Climate change adaptation should be part of community-based development, and 
should focus on strengthening institutions and economic resources, as well as mak-
ing information, skills training, and technology readily available. Adaptation 
requires two approaches: systems-based risk management (using the principles of 
disaster risk reduction in the Hyogo Protocol) to protect the assets communities cur-
rently have, and the development of more diverse, less climate sensitive, sustainable 
livelihoods. The main role of governments and international institutions is to sup-
port local adaptation initiatives with appropriate policy frameworks. Communities 
should have the power to shape adaptation policies using their own priorities, expe-
riences, and traditional knowledge, and communities and practitioners should share 
lessons from successful adaptation projects.  

9.6     Bangladesh Delta Plan (BDP): A New Climate 
Adaptive Strategic Water Resource Plan 

 Bangladesh Delta Plan is under process for a strategic long term plan for climate 
adaptive water resource management with target for 100 years. It will draw experi-
ences and knowledge from all the existing studies and sectoral plans (Perspective 
Plan 2010–2021, SFYP 2011–2015, National Water Management Plan (NWMP), 
Hoar Development Master Plan, Southern Agricultural Master Plan, CIP, ICZMP). 
The BDP will be an indicative plan. The Perspective Plan 2010–2021 was used for 
preparing the Sixth Five Year Plan having elaborated and giving more details. 
Broad stakeholder views will be incorporated into the BDP. It will allow to start 
preparing 7th Five Year Plan (FYP) expected to start mid 2013. All the previous 
plans are the building blocks for the Bangladesh Delta Plan. 
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 It was noted that the National Water Plan, approved by National Water Council, 
has a 25 years’ time frame. The difference that can be seen is that NWP was 
housed in WARPO, and reporting to the MoWR. Whereas, BDP looks similar but 
is hinged to Planning Commission, which is a central ministry. In addition to the 
Planning Commission the Bangla-Dutch Delta Committee will assist the BDP. In 
addition to NWMP all the sectors have some plan with different time frame and 
their coordination under the umbrella of BDP is the main challenge. The Planning 
Commission will coordinate all these ministries and can give a shape of an inte-
grated plan. For Bangladesh this is new to have such longer term planning. In the 
recently formulated Southern Master Plan agricultural development, initiated by 
the Minister of Agriculture, it is tried to plan for high cropping intensity for the 14 
districts in the south, having integrated with fi sheries and livestock sectors. 
However, it is well understood that nothing could happen if water infrastructures 
are not right, and local government and environmental issues are not involved. 
Under the Agri-Master plan so far 22 priority intervention areas have been identi-
fi ed, resources requirement are determined and investment priorities recom-
mended. It is expected that the Planning Commission will assist in fi nding the 
means how to fund it. The Ministry of Agriculture has reviewed the plan through 
its Inter-ministerial Steering Committee, and already indicated that the Delta Plan 
will be taken as a benchmark/guidance. 

 It was discussed why the Delta Plan is needed: Bangladesh has polders and 
embankments which were established starting about 50 years ago. These have not 
been maintained all in the same way and some are damaged. Water logging inside the 
polders is a major problem, where three crops used to grow, now one crop only. The 
farmers are to pump the water out for planting boro rice. The vision for the structure 
was not for long term. We need to look into the long term issues. Recently a team from 
the Ministry of Agriculture has visited the Mekong Delta. The Vietnamese have won-
derful plans, many canals, everywhere gravity irrigation, no water logging. Good 
crops. Under this plan, Bangladesh will take lesson from their experiences and knowl-
edge for their implementation in Bangladesh. Ownership of the document is impor-
tant. It was indicated that a website will be made available (note: action has been 
taken—on   www.bangladeshdeltaplan.org     the report of the preparatory team and a 
brochure summarizing the report, including a summary in Bangla, can be found).  

9.7     Concluding Remarks 

 Policy and strategies for adaptation to climate change in water resource sector being 
a cross-cutting issue needs deeper understanding on hydro-metrological dynamics 
as it relates to broad based ecosystem and its socio-economic interactions as it has 
critical implications in equity and justice dimensions in decision making process. In 
this context, key objective of this chapter is to highlight policy advocacy for (a) 
participatory ecosystem based decision making process, (b) multi-stakeholder need 
responsive investment plan; (c) cross-sectoral pro-poor programme design with 
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common pool resource options and (d) knowledge based decision guided by 
 vulnerability assessment including social, economic and environmental impact 
analysis and (e) careful analysis of cost–benefi t with clear understanding who gets 
what in short term and long term basis. This will provide existing resources use 
more effi ciently from the sustainable development perspective with equity and jus-
tice dimension. In order to make the most equitable decision, one has to consider 
and evaluate the interventions on the basis of their hydraulic, environmental, 
 ecological and socio-economic consequences. Moreover, good governance, appro-
priate environmental laws, acts and ordinances will be necessary to protect and 
guide assurance role towards achieving sustainable economic development and to 
reduce any environmental degradation and climate risks. From climate change per-
spective, the rationale for a synergistic pro-poor adaptation policy is based on the 
premise that increased adaptive capacity is a fi rst and most logical response to the 
complex threat of climate change. 

 The focus of water resource development in Bangladesh is still very much 
biased towards coastal embankment, fl ood control, drainage and irrigation in order 
to support the sole agricultural sector with limited inputs from local people and 
often ignores the other uses of water, particularly those on which the subsistence of 
poor people are based. This ignorance by the policy and planners on the single 
sector focus with a tunnel vision without considering geomorphologic, hydro- 
metrological, ecosystem based adaptation as well as socio-economic stakeholders 
view create the option for slow-onset another hydro-ecological disaster for future 
and contributing to the persistent in-equality in socio-economic context as a part of 
vicious circle of poverty. 

 For Bangladesh, the policy makers and donors should invest more intelligently in 
risk areas to get greater benefi ts of response at much lower costs with assurance of 
enhance resilient with benefi ts shared on equity basis. Bridging the scientifi c cli-
mate scenario with the community at risk and hydro as well as agricultural scientists 
and their extension link with the community is a critical need as a part of meeting 
risk reduction challenge. Facilitate peoples social capital and enhance their resil-
ience is important to add value to this endeavor with local level water risk manage-
ment contingency plan development and management preparation with skill and 
resource in place. In conclusion, equity and justice issues in water sector manage-
ment plan from the perspective of disaster risk reduction and climate change adapta-
tion should follow the principles of right based approach with wise use of natural 
resources so that socio-economic inequality and ecosystem values are not ignored 
at policy, programming, budgeting and planning of the project design cycle.     
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    Abstract     Climate change poses challenges on a new scale for humanity, particularly 
for the populations of lower income countries like Bangladesh. There has been rela-
tively limited in-depth analysis of the gender dimensions of climate change to 
date, partly because of the uncertainties of climate change science and the lack of 
downscaled data. Therefore, it is hard to predict how social changes are varied 
according to climate change. However, the literature indicates that women are dis-
proportionately vulnerable to climate change, because they are more likely to be 
found in the poorest sections of society, have fewer resources to cope, and are more 
reliant on climate-sensitive resources because of the gender division of labor. 
Furthermore, climate change is now recognized as serious with long-term negative 
effects on human community and social vulnerability and is not gender-neutral. 
Women are often vulnerable to climate change impacts where their endowments, 
agency and opportunities are not equal to those of men. They are also more dependent 
for their livelihood on natural resources that are threatened by climate change. In the 
context of climate change, a “gender analysis” promotes an understanding of the 
ways that men and women are differently impacted by climate-related hazards and 
by adopting adaptation and mitigation strategies. This chapter highlights the base-
line relation between gender and climate change, position of women and impacts of 
climate change on women vulnerability and special vulnerable groups and currently 
existing copping mechanism that practices by women and special vulnerable groups 
too.  
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10.1         Introduction 

 As predicted by the Intergovernmental Panel on Climate Change (IPCC) in  2001 , 
“climate change impacts will be differently distributed among different regions, 
generations, age classes, income groups, occupations and genders”. The IPCC also 
notes that the impacts of climate change will fall disproportionately upon develop-
ing countries and the poor within all countries, and thereby exacerbate inequities in 
health status and access to adequate food, clean water, and other resources. As, 
women represent about 70 % of the poor throughout the world, therefore, women 
are poised to bear the brunt the effects of climate change. Generally, in many devel-
oping countries women often live in conditions of social exclusion such as cultural 
limitations to mobilize outside their immediate environment; have less access to 
information to early warning systems in times of disasters, and to forecasts of climate 
variability; and have diffi culties in participating in training processes (UNDP  2009 ) .  
However, the effects of climate change are differentially experienced by men and 
women. Because women use and manage natural resources differently than men, 
and the degradation of natural resources affects them differently, women’s disad-
vantages may increase with the change in or loss of natural resources associated 
with climate change. For example, rural women in developing countries are the 
principal producers of basic foods, and the agricultural sector is highly susceptible 
to risks of drought and uncertain precipitation; this means that climate change 
endangers food security as well as families’ well-being and capacity to survive. 

 Natural disasters like fl oods or droughts, hurricanes or heavy rains, are already 
impacting livelihoods in many regions of the world. There are clear gender differ-
ences in the prevention of disasters (e.g. early warning systems don’t get through to 
women), in emergency response (e.g. different risk reduction strategies and differ-
ent needs), and in the reconstruction phase (e.g. gender differences in migration). It 
is often reported that when disaster occurs, more women die than men, which 
refl ected women’s social exclusion. For example, during the 1991 cyclone disasters 
in Bangladesh, 90 % of the 14,000 fatalities were women (Ikeda  1995 ). The reason 
lies behind that warning information was transmitted to men by men in public 
spaces, but rarely communicated to the rest of the family. As many women are not 
allowed to leave the house without a male relative they perished while waiting for 
their relatives to return home and take them to a safe place (Aguilar  2004 ). Peterson 
( 2007 ) further mentioned that women, boys and girls are more than 14 times more 
likely than men to die during disaster. Aftermath of disasters, it causes women to 
work harder to secure (natural) resources and livelihood. Poor girls regularly drop 
out of school to help their mothers to gather wood and water in the changed harsher 
climatic condition (Baten and Khan  2010 ). 

 Across the world, Bangladesh is known as one of the most vulnerable countries 
under climate change. Most of the adverse effects of climate change will be in the 
form of extreme weather events, while water-related hazards such as fl ood, drought, 
salinity ingress, bank erosion, and tidal bore are likely to exacerbate, leading to large 
scale damages to crop, employment, livelihoods, and national economy. Vulnerability 
and adaptation to the adverse impacts of climate change are the most crucial concerns 
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for Bangladesh. It is generally recognized that vulnerability to climate-related hazards 
and climate variability is contextual, where poverty as well as gender discrimination 
and prevailing inequity are major determinants which add complexity to perceived 
vulnerabilities to climate events. It is well understood that the women and disadvan-
taged people of Bangladesh will experience the worst adversities due to climate 
change. However, little information exists that could help identify vulnerable 
groups, particularly women and people with disability and special needs. 

 Gender, or the distinct social roles assigned to men and women, is a critical part 
of all development initiatives. A gender analysis is not a special focus on women, 
but rather, an understanding on how discrimination against women and gender roles 
interact to shape men and women’s enjoyment of human dignity, rights, as well as 
quality of living. In the context of climate change, a “gender analysis” promotes an 
understanding of the ways that men and women are differently impacted by climate- 
related hazards and by adopting adaptation and mitigation strategies. 

 The overall goal of this chapter is to develop an information source on specifi c 
aspects of vulnerability of women and special vulnerable groups to climate change 
and their impacts and to analyze how these specifi c vulnerability contexts can be 
addressed by the women and special vulnerable groups with their indigenous knowl-
edge and planned adaptation measures, given the sustainable development frame-
work of the country. The study also covered, though to a much lesser extent, various 
other disadvantaged groups such as ethnic minority groups, physically and/or men-
tally challenged groups, etc. Finally, this chapter includes conclusion and few rec-
ommendation regarding women, special vulnerable groups and climate change.  

10.2     Position of Women and Their Vulnerabilities 

 In the nineteenth and twentieth centuries, women achieved signifi cant progress in 
the economically progressive areas dominated by Western culture, including North 
America, Europe, and Australia. In developing areas dominated by non-Western 
culture, however, women remain more or less subjugated, and in some countries 
they are stripped of any human rights (Cohen  2006 ). In Senegal, signifi cant advances 
have been made on gender issues despite constraints related to women’s rights, 
social, and economic empowerment. According to the report by Irene et al. ( 2008 ); 
Senegal has signed a number of international conventions and passed some laws. 
They are reinforced by the new Constitution of 2001 that reaffi rms the principle of 
equity and gender equality and prohibits all forms of discrimination based on gen-
der. The similar observation also found in case of Ghana where women and men 
occupy distinct positions in the economy largely as a result of a gender division of 
labor within households and the society at large. Again, South Asia is the continent 
where world’s poorest population is habituating. Specifi c social features in South 
Asia include seclusion and limited mobility of women, and the exclusive nurturing 
role assigned to them in the gender division of labor. Cultural values, religious 
norms, and social structures force women and children to be dependent on men. 
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Most of the value systems in almost all South Asian societies believe in the need for 
protection of a male for women to carry on their life. 

 According to the socio-economic indicators, the illiteracy of the overall popula-
tion is considerably high and the gender disaggregated data points out that female 
illiteracy is always higher than male (World Bank  1999 ). The ownership of assets 
shows a similar pattern where women own less assets, since most societies follow a 
patriarchal system of ownership of property. Some of the key factors contributing to 
women’s “double edged” vulnerability owing to poverty and other social disadvan-
tages in the South Asian context can be stated as follows:

•    Very high illiteracy levels  
•   Low ownership of assets such as land, and other property (often inheritance laws 

are male oriented)  
•   Minimum work opportunities outside home  
•   Limited mobility out of home and out of their own locality  
•   Low social status  
•   Socially constructed dependency on male relatives    

 All these factors, the dynamics between men and women, and the processes aris-
ing from the inter-relationships between them has resulted in women becoming an 
extremely vulnerable group in South Asia. 

 In Bangladesh case, it has been seen that half of the population is made up of 
women (48.9 % in 2004, according to the World Bank gender profi le), 80 % of 
whom live in rural areas (BBS  2001 ). Women bear multiple responsibilities at 
home, including food preparation, provision of cooking fuel, health care, and caring 
for children and their education. Likewise, women play an important role in a wide 
range of income-generating activities, but their contribution to the national econ-
omy is largely unaccounted for. Women in low-income households are heavily 
involved in economic activities, mostly around homestead-based production, which 
contributes up to 16 % of the household income in Bangladesh (CPD  2004 ). 
Independent livelihoods managed by women-headed households are also an impor-
tant aspect of the rural economy of South Asia and contribute to 15 % of the rural 
households in Bangladesh (   CPD  2001 ). Neither of these percentages are accounted 
for in the GDP. 

 Furthermore, women’s contributions to rural production activities include raising 
seedlings, gathering seeds, post-harvesting, cow fattening and milking, goat farming, 
backyard poultry rearing, pisciculture, agriculture, horticulture, food processing, 
cane and bamboo works, silk reeling, handloom weaving, garment making, fi shnet 
making, coir production and handicrafts. A signifi cant number of rural women, par-
ticularly from extremely poor landless households, also engage in paid labor in 
construction and earthwork and fi eld-based agricultural work, activities that tradi-
tionally have fallen within the male domain. 

 With the passing of time, a gradual change in social attitudes has allowed many 
women to take advantage of new economic and social opportunities, adding signifi -
cantly to improvements in key development indicators. Participation of women in 
the wage labor force has increased, particularly in the ready-made garment (RMG) 
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sector, where women make up over 90 % of the 1.5 million workers that currently 
contribute approximately 70 % of the country’s foreign currency earnings; these 
earnings also enhance the incomes of many families (CPD cited in ADB  2004 ). 
Women migrants, mostly from female-headed households (FHHs), now contribute 
a major share of the informal urban labor market. Increased access to microfi nance 
also has helped transform women’s household labor into cash contributions to 
household income. 

 Due to increased access to services and cash, more women are able to use health 
services. As a result, female life expectancy has increased from 58.1 years in 1997 
to 60.9 years in 2001, while that of men has increased from 58.2 % in 1997 to 60.1 
in 2001 (ADB  2004 ). Female adult literacy rates have also increased from 27.4 % 
in 1997 to 30.8 % in 2001, while that of men has remained steady at 49.9 %. 
Increased literacy directly relates to increased employment opportunities for 
women. The rate of enrollment of girls in primary school is similar to the rate of 
enrollment of boys which refl ects a change in the family and community attitudes 
towards the value of girls and their rights. 

 Although, women play a key role in household and community disaster recovery, 
but, discussions on the impact of disasters and recovery support favor livelihoods 
dominated by men. The policy assumption remains that women benefi t once men’s 
livelihoods are secured. This assumption is not well verifi ed because of limited 
research on how women’s own lives and livelihoods are affected by climate change 
and disasters.  

10.3     Impacts of Women and Special Vulnerable Groups 

 This section will describe the actual and potential impacts of climate change on 
women’s and special vulnerable groups lives and livelihoods. 

 Climate change is often perceived as a multi-dimensional environmental prob-
lem with a strong political and development component. The impacts of global cli-
mate change are not only physical and economic (for instance, in the form of natural 
disasters), but also social and cultural, threatening to jeopardize environmentally 
based livelihoods in many areas of the world. 

 The contexts of vulnerability to climate change are somewhat different for 
women, since they have lesser fi nancial means and decision-making power than 
their male counterparts to respond to climate-driven stresses. Moreover, as being the 
household manager women have to bear the burden of meeting the needs of the fam-
ily, even when fi ghting against adversities. Most climate change issues, policies and 
programs are not gender neutral. In light of this, several areas deserve attention, 
specifi cally: gender specifi c resource-use patterns; gender-specifi c effects of cli-
mate change; gender related patterns of vulnerability; women’s capacity to cope 
with climate change; gender and decision-making on climate change; and gender 
aspects of mitigation and adaptation. Hence, impact of climate change on women 
and special vulnerable groups are illustrates in the following sub-heading. 
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10.3.1     Impacts on Women to Climate Change 

    In view point of women’s context of vulnerability with reference of physical and 
social setting; gender-poverty links show that 70 % of the poor in the world are 
women and their vulnerability is accentuated by race, ethnicity, and age (Enarson 
and Hearn Morrow  1998 ). When natural disasters and environmental change occur, 
women and men are affected differently because of traditional, socially-based roles 
and responsibilities (GTZ  2005 ). The impacts on women to climate change is briefl y 
elaborates considering the following aspects. 

10.3.1.1     Impact on the Lives and Health of Women 

 While there has been a signifi cant decrease in disaster-related deaths in Bangladesh, 
data is gender-neutral, limiting the ability to determine how men and women are 
affected. But a few studies following the cyclone and fl ood disasters of 1991 
revealed that, among women aged 20–44, the death rate was 71 per 1,000, compared 
to 15 per 1,000 for men (UNEP  2005 ). Again, following the cyclone and fl ood of 
1991 in Bangladesh the death rate was almost fi ve times as high for women as for 
men. Warning information was transmitted by men to men in public spaces, but 
rarely communicated to the rest of the family and as many women were not allowed 
to leave the house without a male relative; they therefore were perished waiting for 
their relatives to return home and take them to a safe place. Figure  10.1  illustrates 
how women survive in their own house in post disaster time.

   Deaths, diseases and injuries occur from waterborne diseases, snake bites, 
drowning, slipping, large trees and structures falling on women, lack of medical 
facilities, malnutrition, lack of uncontaminated drinking water and lack of proper 
sanitation facilities. Women and adolescent girls suffer as sanitation systems are 
destroyed: many women reported that they refrain from using the toilet during the 
day and consequently suffer from urinary tract infections. Pregnant women, 

  Fig. 10.1    Life in disaster period       
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lactating mothers and differently disabled women suffered the most, as they found 
it diffi cult to move before and after the cyclone hit. 

 With increasing climate variability, salinization of drinking water sources is 
becoming a major problem for the people of southwest Bangladesh. During the dry 
season, when lack of potable water becomes an acute crisis for households, it 
becomes the responsibility of women, irrespective of their physical condition, to 
provide drinking water for their families. Since water sources in the neighborhood 
are all affected by high salinity, women need to travel long distances, sometimes up 
to 10 km on foot every day over rough terrain, in search of water. This consumes an 
enormous amount of their time.  

10.3.1.2     Impact on Women’s Physical Security and Dignity 

 Women in Bangladesh still experience various types of violence, and physical, sex-
ual and emotional violence increases during and after a disaster (UNDP  2002 ).

    (a)    Domestic violence 
 As psychological stress increases during disasters, and more men are left with-
out employment, male relatives of many women have been reported to vent this 
increasing frustration via abusive language or exertion of physical force. 
Reasons given for this abuse range from women not being able to manage 
resources properly, to not serving food on time, to not being able to procure 
relief materials.   

   (b)    Harassment and loss of privacy in fl ood and cyclone shelters 
 Many women refrain from going to shelters during a disaster or when a warning 
signal is issued in fear that they would have to share a room with strange men. 
Pregnant women and nursing mothers tend to be reluctant to share space with or 
nurse in front of strangers. Some women with disabilities also mention facing 
some form of violence in shelters, including mental abuse and physical torture.   

   (c)    Harassment in relief queues 
 Women often face additional physical insecurity and loss of dignity while col-
lecting relief during or after a disaster. In many cases, they have to walk long 
distances through water, their wet clothes clinging to their bodies, to collect 
relief. During collection they have to stand in long queues with male strangers. 
Sexual harassment is often reported.    

10.3.1.3       Impact on Women’s Economic Livelihoods 

 Natural disasters viz. fl oods, cyclones and droughts damage livestock (i.e. cows, 
goats, buffaloes), poultry (i.e. chickens, ducks), fi sheries, trees, crops (i.e. rice, 
wheat, nuts, chilies, lentils), seeds and animal fodder. Productive tools such as 
ploughs and nets are also washed or blown away. Increased salinity after a cyclone 
and the diffi culty in plowing wet soil after fl ooding decreases soil productivity. 
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Sand deposition as a result of fl ood and river erosion affects production of crops 
such as nuts. During and after weather disasters, the lack of fodder for livestock and 
poultry results in reduced milk and meat production. The impacts on the livelihoods 
of women specifi cally include:

    (a)    Housing and homestead 
 The destruction of houses by fl oods and cyclones is a  common impact in disas-
ter prone areas. During and post disaster period of time, women and special 
vulnerable groups face tremendous diffi culty for fi nding safer place to stay or 
living. They also fi ght for taking care of their house and homestead for their 
survival.   

   (b)    Crop production loss 
 Climate change, which reduces crop yield and food production particularly in 
developing countries, affects women’s livelihood strategies and food security, 
and therefore, their right to food. Bangladeshi women, who control homestead- 
based livelihoods, lose income when crops are blown or washed away.   

   (c)    Livestock death 
 Cows and goats are the most valuable assets of poor people in fl ood and drought-
prone areas. During fl ooding and drought period, collection of fodder for live-
stock is a signifi cant challenge, particularly for goats who need green grass 
(which often becomes fl ooded). It also becomes diffi cult for veterinarians to 
visit the villages or for villagers to travel to buy medicine.   

   (d)    Loss in productivity 
 With changes in climate, traditional food sources become more unpredictable 
and scarce due to loss in productivity. Floodwater and sand deposition decreases 
soil productivity which enhances loss of crop productivity in that particular 
crop fi eld. Sand deposition also creates long-term problem of paddy crop fi eld 
for better crop production.   

   (e)    Supply shortage and price of inputs 
 Shortages during fl ooding leads to increased prices for inputs such as seeds, 
fertilizers, oil for running irrigation pumps, fodder for animals, transport costs 
and veterinary fees.   

   (f)    Limited access to market 
 With damages to infrastructure and communications systems, women cannot 
access the market to buy or sell food such as milk, eggs, vegetables or other 
products. Women are forced to trade within the village or accept lower prices 
offered by male buyers from other areas.   

   (g)    Loss of income, savings and employment 
 Loss in production, lack of storage and destruction of access roads result in 
assets (e.g. cattle) or products (e.g. milk) being sold at low prices. The selling 
price decreases while the shortage in supply induced by fl oods results in 
increased prices for essential goods. Moreover, fl oods and cyclones reduce 
employment opportunities, especially for women working in agricultural fi elds. 
As a result, there is a net loss in income which, in turn, leads to a loss in savings, 
thus making it even harder for households to cope with disasters.       
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10.3.2     Impacts on Special Vulnerable Groups 
(Poor Farmers) to Climate Change 

 There are many ways in which poverty and climate change are interconnected. 
Livelihoods of rural poor are predominantly based on natural resources. Poverty 
forces them to degrade their environment, which in turn reduces opportunity to 
enjoy services of these natural resources on a sustainable manner. Since climate 
change is likely to jeopardize the availability of natural resources base, poor peo-
ple’s livelihoods will face signifi cant challenges in near future. 

 As revealed through the fi eld experiences involving poor and marginal farmers, 
the key vulnerability contexts in relation to climate variability and change against 
each hydro-geophysical case are discussed below. 

10.3.2.1     In Case of Cyclone and Storm Surge 

 Areas, which are covered for cyclone and storm surge most of the people, are found 
to be poor. Employment opportunities are extremely limited, which is why they 
remain poor. Land based production system consists of Aman production during 
Kharif season and Salt production on the same land during the dry season. The close 
proximity to the sea allow them to produce salt during November to early May. 
Since the lands are under salty condition for about 7 months a year, high salinity 
signifi cantly reduces Aman yield from those lands. Although salt production 
requires labour and provides employment to a signifi cant proportion of population 
in the island, employment opportunities drastically fall during the Aman season, 
since Aman production is not a very profi table venture.  

10.3.2.2     In View Point of Salinity Intrusion 

 In the southwestern coastal region; an increase in salinity generally affects crop 
production, thereby poor and marginal farmers’ vulnerability is directly linked with 
salinity ingress. Soil salinity above a threshold would reduce potential for the pro-
duction of Boro, the most preferred crop in Rabi season. There are areas which are 
less saline at the initial cropping stages, become increasingly saline as Boro reaches 
reproductive stages in April. In such cases, adequate irrigation can still ensure a 
considerable harvest. However, under climate change and induced sea level rise 
effects, slightly saline areas will become moderate to highly saline and surface 
water based irrigation will not be possible. A combination of salinity and lack of 
adequate irrigation might result in a drastic reduction of crop production in the 
southwestern region of the country. At poor and marginal farmers’ household level, 
reduced crop production will result in food insecurity. Poor farmers do believe that 
under climate change monga-affected areas will be extended to many other parts of 
the country.  
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10.3.2.3    In Case of Drought 

 Devastating and recurrent droughts caused by varying rainfall patterns occur fre-
quently in many parts of Bangladesh, causing substantial damage and loss to agri-
culture and allied sectors. From fi eld experience it appears that, rice, jute and other 
crops are usually greatly affected. Since rice production ensures micro-scale food 
security, drought comes as a curse to the poor and marginal farmers. Jute also suf-
fers signifi cantly because of lack of water for retting. Livestock also suffers, with 
many farmers having to sell their cattle at very low prices because they lack both 
fodder and drinking water.  

10.3.2.4    In View Point of Flood 

 Bangladesh is known for its high vulnerability to fl oods of varied intensity. Flood 
occurs when rainfall runoff swells the rivers and overtops their banks. A prolonged 
fl ood can have catastrophic implications as it has been observed time and again in 
the recent past: the fl oods of 1988 and 1998 are considered to be catastrophic events, 
while the most recent fl ood of 2007 is also rated as a very high intensity fl ood that 
brought extreme human sufferings, colossal damages to agriculture and infrastruc-
ture and high costs on national economy. 

 A large number of people, especially the poor who live in low lying areas, take 
shelter in designated fl ood-shelters. It becomes a nightmare on the part of the 
authority to provide for various services: food, fuel, drinking water, primary 
health care, even physical security. In most cases, public institutions such as 
schools are transformed into fl ood shelters, while the academic activities suffer 
automatically.    

10.4     Women’s and Special Vulnerable Groups Current 
Coping Strategies 

 Bangladeshi people are familiar with climate induced hazards for a long time and 
as a result they have developed unique coping practices against such hazards. Since 
agriculture has a profound impact on the economy of the country, farmers always 
practice their self-innovative coping mechanism for survival. Millennia old tradi-
tional knowledge plays a signifi cant role towards modifying and adjusting coping 
practices. As women are differently vulnerable than men under climate variability, 
they also have developed their own coping mechanisms. Many of their practices 
are needs-based, appear to be so obvious. However, these apparently “obvious” 
practices have all passed the true test of time and have contributed immensely to 
reduce their vulnerability against vagaries of nature. A few observed coping prac-
tices in relation to specifi c climate induced vulnerability have been discussed in 
this section. 
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10.4.1     Coping Practices Among Women 

 The following are some of the micro-strategies used by poor women in Bangladesh 
to cope with frequent climate related disasters. 

10.4.1.1    Avoidance or Prevention Strategies 

 People living in the disaster-prone areas of Bangladesh employ an array of mea-
sures to safeguard their lives and property against disasters. The majority of the 
people do have a clear understanding about the effectiveness of each of the pre-
paredness measures, as well as their limitations. Often these measures do not help 
them because of the magnitude of disasters.

    (a)    Predicting and preparing for disasters 
 In the fl ood-prone areas, vulnerable people have used their own science and arts 
to predict fl oods. This traditional tool is becoming of little help, however, due to 
the changing nature of disasters, leaving the community with no choice but to 
rely on whatever early warning system is in place.   

   (b)    Protecting houses and homesteads 
 Before the fl ood or cyclone season, families try to make their houses more resil-
ient to disasters by reinforcing walls and roofs with locally available resources, 
increasing the plinth level of households (Fig.  10.2 ) and elevating the level of cow 
sheds. More fi nancially secure households raise the level of tube wells.

       (c)    Storing essential items 
 Women preserve fuels, matches, dry food (such as rice, peas, puffed rice, fl at-
tened rice and molasses), ropes and medicine at home and prepare portable mud 
stoves for future use. Women often collect fi rewood to store in dry places for 
later use. They also collect and store safe drinking water during and post disas-
ter period (Fig.  10.3 ) for the whole family.

  Fig. 10.2    Increasing plinth level of house ( left ) and concrete plinth ( right ) using locally available 
materials       
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   Women also store fodder for domestic animals, seeds, food, harvest, blankets 
and valuables on machas (high wood or bamboo structures for storage), which 
are also used to protect goats and poultry from fl ood water. Many women store 
cooking utensils, productive assets (i.e. ploughs, fi shing nets) and other valu-
ables under the soil to protect them from being washed away by cyclones.   

   (d)    Teaching children 
 Educating the younger generations about how to protect themselves has been a 
key strategy employed by households living in disaster areas. Teaching life- 
saving skills such as swimming and understanding cyclone signals are exam-
ples of how parents prepare their children. No formal mechanism for teaching 
children disaster preparedness exists, however; children usually learn from 
family discussions or meal-time conversations. Various other activities such as 
animal rearing, grazing and taking part in plantation work with their parents, 
during which children have an opportunity to learn their parents’ indigenous 
knowledge, are additional examples.      

10.4.1.2    Managing Strategies 

 The managing coping strategies that followed by the women in the disaster prone 
areas are briefl y described below:

    (a)    Safety of family members: 
 During disasters, women must constantly look after children, elderly and dis-
abled family members, and animals to ensure their safety. In fl ood-prone areas, 
women prepare elevated platforms for family members with disabilities, using 
the  chouki  (traditional bed) and bamboo. Often, to ensure that young children 
remain safe and are not carried off by fl ood water, parents construct a “fence-in” 
to keep toddlers in one place.   

  Fig. 10.3    Reserve safe drinking water in the house       
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   (b)    Ensuring food security: 
 Since most households are dependent on agriculture, fl ooding season is par-
ticularly threatening. In general, there is an overlap between fl ooding time and 
the crucial rice harvesting period. If a fl ood comes early in the monsoon season, 
it destroys the standing crop, which results in food shortages. Disasters also 
affect the local economy, which is vital for generating employment opportuni-
ties for non-farmers in both rural and urban areas. 

 When a household faces a food crisis during or after a disaster, women are 
responsible for adjusting household food consumption by changing the type of 
food eaten (instead of consuming rice, for example, they resort to alternate 
foodstuffs such as  kaisha  or  kolmi,  local vegetation,) or by consuming less. 
Various studies acknowledge that since women’s work is closely related to agri-
cultural production, family food and income generation, the burden of food 
shortage falls on them.   

   (c)    Protecting assets: 
 When fl ood water reaches the level of the livestock shed, people no longer keep 
their animals at home. In some cases, they send their cattle to relatives. Some 
poor families try to sell livestock in an attempt to hold cash security, preparing 
against the possibility that regular income could be jeopardized.   

   (d)    Household work: 
 Work load distribution within the family disproportionately affects women dur-
ing a disaster. When husbands or male members become unemployed, daily 
work for women increases even more as they have to manage resources, feed 
the family and look after the elderly. In most cases, caretakers for people with 
disabilities are also female. However, new studies have also documented that 
work distribution is changing: a signifi cant number of female participants men-
tioned how their husbands changed their usual habits during fl ooding; many 
cook at home or take care of children (   Alam et al.  2007 ).   

   (e)    Managing fi nance by borrowing credit, selling and mortgaging assets: 
 In order to meet household fi nancial needs, assets such as livestock, poultry and 
boats are often sold. Selling other valuables, mortgaging, or borrowing against 
assets, or borrowing from neighbors are other common strategies for survival. 
Many women in rural areas are now part of microfi nance organizations, using 
their memberships to access loans.   

   (f)    Migration and alternative employment 
 In many cases, especially in FHHs, women migrate as an adaptation strategy. 
Migration for employment increases after disasters, when people move out of 
areas with job defi cits in search of work. Female migration, mostly from FHHs, 
contributes a major share of the informal urban labor market. The major activi-
ties that employ women in urban areas include serving as domestic help, brick 
breaking, sewing, jute bag making, ash selling, fi sh and vegetable vending, sell-
ing rice cakes and working in the RMG industry. For earning, they sometimes 
compromise with their values and dignity (i.e. begging). Women who have alter-
native livelihood options prefer not to migrate as laborers; households that have 
boats, for example, earn incomes by ferrying people. Some even open small 
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shops on the boats. Selling advance labor for money is another common practice; 
farmers often view this as ensuring future employment, although it also makes 
for fi nancial shortages in the future since they have already been paid.      

10.4.1.3    Recovery Strategies 

 Rebuilding houses, re-stocking livestock, securing an income, repaying borrowed 
money, treating affected family members, and restoring other aspects of life such as 
children’s education are all parts of recovery from disasters. In all of these activities, 
women are actively involved. 

 Besides these above-mentioned coping strategies, special vulnerable groups also 
practice the following types of strategies against different types of natural 
disasters.   

10.4.2     Coping Practices Among Special Vulnerable Groups 
(Poor Farmers) 

10.4.2.1    Coping with Cyclone 

 Coping with cyclone is generally related with the understanding of different signals 
and awareness. Issuance of cyclone forecast and warning are commonly practiced 
non structural coping measures towards reducing cyclone-related damages and 
losses. Taking shelter in the cyclone shelters is a common coping mechanism in 
Bangladesh though evacuation rate is not high due to lower capacity of cyclone 
shelters. 

 After 1971, another practice of taking shelter at the time of cyclone emerged as 
that people with their cattle take refuge in a land made highly raised. The inhabit-
ants usually tie-up their houses in a strong manner so that these can withstand the 
severity of storms. They keep food, by digging earth, in pots made of mud. People 
use to keep seeds in polythene bags and keep those bags digging earth. 

 During post disaster phase people use to give efforts to rebuild their affected 
houses. In some cases they are compelled to take loans with high interest from the 
local mahajans just to meet their mere survival needs in an emergency.  

10.4.2.2    Coping with Waterlogging 

 To cope with waterlogging people generally build houses with fences made of bam-
boo (“muli” bamboo) and wood. The foundation fl oors of the houses are raised so 
that water does not enter very easily, until it attains a certain level. 

 In the case of crop-agriculture, late varieties of “Aman” rice viz. “kazal-shail”, 
“raje-shail” (both black and golden), “chapraish”, “kartik-shail”, “dholamota”, 
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“leiccha”, “nazir-shail” are sown with a view to coping with water-logging. During 
the water-logging period cattle are reared/kept by raising the fl oor. Seed-beds are 
also prepared by raising the piece of land with soil/mud. In some places crop-land 
is raised to some extent for cultivating winter crops (“rabi” crops). In many areas as 
a precautionary and safety measure, the levees (sides) of the fi shing ponds are raised 
up to a certain level so that fi sh cannot leave the ponds. 

 Ceiling-like raised/high platforms, locally termed as “Darma”, are built inside 
the houses so as to keep ownership documents/deeds of lands, other important 
papers/documents, dry food e.g. fried swollen rice (“Cheera”, “Muri” etc.), rice, and 
pulse, salt, sugar (“gur”), matches, candle, kerosene, quilt, “kantha”, etc. safe and 
stored in the wake of emergency during the water-logged period. Rainwater is har-
vested/collected in some areas of the country with a view to using as drinking water 
since all tube-wells go under water during the waterlogged period. Besides this 
measure, wood/branches of trees are stored on “Darma” to be used as fi rewood for 
boiling pond-water. During the waterlogged/fl ood time, water is made purifi ed by 
some families either by boiling or by using alum (“fi tkiri”). But most of the people 
are not that much aware in Bangladesh. Ovens are made using mud, tin, and cement 
and kept on “Darma” in order to use during waterlogged period/fl ood time. Cooking 
is done on top of beds using those ovens, which the participants have learned from 
mimic demonstration/publicity performed in mass communication campaign.  

10.4.2.3    Coping with Salinity 

 Bangladeshi rural people of saline prone region previously used drinking water 
from shallow tube-wells, when they did not have any specifi c knowledge about 
salinity. But now-a-days, with the dissemination of knowledge, they usually drink 
water from deep tube-wells since the chance of water being saline is much lower in 
the latter case. They used to drink water from ponds as well. Now even when peo-
ple drink water from shallow tube-wells, they do purify it using alum (“fi tkiri”). As 
a noticeable effect of salinity, the complexion of peoples’ skin becomes darker. But 
people have been used to/adjusted to this phenomenon for being with it for a longer 
period of time. For cultivation, farmers use fertilizers viz. gypsum, TSP, potash, 
etc. to reduce salinity in land. The extent of salinity is different for different sec-
tions of an uneven land. Hence to make the extent of salinity equal all over the land 
the farmers fi rst make the land even and then use various types of fertilizers men-
tioned above.  

10.4.2.4    Coping with Drought 

 Since ancient times, farmers have practiced irrigation using surface water from 
nearby sources for a variety of crops including Aman and a number of nongrain rabi 
crops. There have been local Aman species/cultivars that require very low level of 
supplementary irrigation. Traditional irrigation techniques have been used 
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extensively. The surface water systems of the country are largely dependent on 
upstream countries: India, Nepal, Bhutan and China. Increasing water withdrawal 
upstream and the diversion of water from the main transboundary courses reduced 
the fl ow in Bangladesh signifi cantly during the dry months (Rahman et al.  1990 ; 
Halcrow and Associates  2001 ). Consequently the possibility of surface water irriga-
tion in the country has been reduced considerably. 

 To maintain self suffi ciency in food production, farmers have adapted to the use 
of modern irrigation techniques. Mechanized pumps have replaced the traditional 
methods of transferring water. Ground water irrigation involves high production 
costs, especially for the poor farmers engaged. 

 People cope with drought condition in different angle in different poverty level. 
Marginal people take risk if it rains they might get some production without irriga-
tion. But rich farmer do cultivation with irrigation. Marginal people collect drink-
ing water far away from their homes. It makes many social problems. Women have 
to take burden in their shoulder to collect safe drinking water from a long 
distance. 

 With the onset of drought, since lands become covered with a thin layer of salt 
farmers thoroughly plough their land upside down in order to reduce salinity. Since 
water becomes scarce and less available farmers bring water from ponds to use it in 
their lands for cultivation. 

 Farmers usually use pitchers for fetching water from nearby ponds to use for 
cultivation in lands. Relatively well-off farmers use shallow machines for channel-
ing water from ponds. Throughout the drought period there arises crisis for drinking 
water since water cannot be withdrawn using shallow tube-wells. People have to 
look for deep tube-wells in nearby locality in their drive for drinking water.  

10.4.2.5    Coping with Riverine Flood 

 Depending on the depth of fl ooding, farmers use a number of indigenous varieties 
of paddy and other crops that ensure subsistence for the whole year. A particular 
type of deep water paddy is still in use in very low lands, which can withstand any 
level of inundation and provide a certain minimum yield. 

 High intensity fl oods affect crop agriculture the most. In areas where the reces-
sion of fl ood waters occur late, farmers fi nd no opportunity to begin paddy cultiva-
tion afresh due to unavailability of seedlings. People living in less fl ood prone areas 
make paddy seedbeds in prospect of marketing the seedlings in highly fl ooded 
areas following recession of water. By transplanting these seedlings, farmers in 
deep fl ooded areas maintain food security. In some areas, farmers resort to restruc-
turing the usual cropping calendar suited for local hydro-climatic regime and use 
the remainder of the wet season for alternative crops requiring shorter period 
for the harvest. The offi cial agricultural extension services and local-level 
 non-government organizations provide various support services to facilitate fl ood-
coping mechanisms.  
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10.4.2.6    Coping with Flash Flood 

 In the fl ash fl ood prone areas, farmers always have to cultivate crops with the fear 
of sudden fl ash fl ood. Aman is a variety which cannot be grown in the fl ash fl ood 
prone areas because of the hydro-geological formation of the soil. As a result Boro 
is the only suitable option for the farmers in such region. In these circumstances, 
10th May is the ideal time for harvesting Boro paddy. But unfortunately late April 
and the fi rst week of May are the most vulnerable period for severe storms as well 
as fl ash fl oods. And now if farmers keep the crops on the fi eld till the fi rst week of 
May, then there is great risk of crop damage. To overcome this uncertainty farmers 
now a days use a modifi ed variety of Boro, for which early harvesting is possible 
(2nd or 3rd of May). Through this preponement of crop calendar, risk of fl ash fl ood 
related damages can be avoided to some extent. 

 Still there is risk that fl ash fl ood might occur in late April. To cope with this dif-
fi culty, many farmers of the fl ash fl ood prone areas in Bangladesh have adopted 
submergible embankment technology. Farmers use a special type of embankment 
which they call dwarf embankment. This is a low height earthen embankment which 
is submergible but can protect river water to come into the locality at least up to 10th 
of May. For this reason they can maintain their level of productivity. Also with 
proper operation and maintenance of the embankment, farmers make fi sh cultiva-
tion possible because the embankment also holds the water inside the locality. 
Through this unique coping mechanism of the farmers, Boro and fi sh cultivation 
both have become possible in the fl ash fl ood prone areas of Bangladesh.  

10.4.2.7    Coping with Tidal Flood 

 People take some preparation before the season of cyclone gets start. Preparation again 
depends on their capacity to invest. Usually they use to tie the corners of their houses 
with strong ropes or still wires. To protect from rain they use to repair their ceiling 
almost every year. Especially those houses, walls made of mud and ceiling made of jute 
sticks or leaves are specially taken care of before rain comes or cyclone strikes. People 
who are very poor and do not even have that much to repair the house with minimal 
efforts, they use to take shelters in neighbor’s house, adjacent schools, madrasa. During 
the devastating situation of water logging due to excessive rainfall cattle, chicken, 
ducks all get shelter under the same room where the family lives. Very few families 
have that luxury to keep a separate cattle house, which is locally called “Goal Ghar”.    

10.5     Conclusion and Recommendations 

 Climate change is not gender neutral, and gender is an important determinant in 
climate change mitigation and adaptation. As climate change tends to magnify exist-
ing inequalities, with gender inequality being one of the most pervasive, it has major 
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impacts particularly on women. Women are likely to experience worsening inequalities 
of different magnitudes as a result of climate change impacts through their socially 
constructed roles, rights and responsibilities, and because they are often poorer. It is 
now widely acknowledged that negative effects of climate change affect women the 
most because they depend on natural resources and the environment for all their 
activities and the basic needs of their families (Diagne Gueye  2008 ). 

 Women’s coping efforts are severely challenged by gender relationships and 
handicapped by power structure both within the household as well as within the 
community. Despite having provisions for inclusion of women representatives in 
(local) governance processes, gender relationship having a bias towards males does 
not allow women to meaningfully participate in any decision making fora, while 
lapses in good governance practices alienate women’s voices further, leaving virtu-
ally no room to meaningfully contribute towards the reduction of their vulnerability. 
The patriarchal elements of vulnerability of women will further eliminate women’s 
opportunity to overcome their vulnerability. 

 Women, entrapped in water world due to prolonged water logging appears to be 
the most vulnerable group compared to other vulnerability contexts of women in 
various known geophysical set ups. Salinity affected women are also extremely 
vulnerable. Carefully planned efforts must be made to push saline front towards the 
estuary—a long-term solution is provided in National Water Management Plan, 
which requires immediate attention and fi nancing. Meanwhile, sustainable solu-
tions to address salinity in drinking water must be sought and implemented. The 
State must facilitate to increase coverage of safe and non-saline water supply in the 
saline affected areas. The relevant national institutions must pay attention towards 
surveillance and monitoring of salinity and of women’s health. In addition, public 
health care system needs to be strengthened in saline affected areas. 

 In cyclone prone areas, adequate number of new cyclone shelters need to be built 
on the basis of population density. Despite the recognition that the existing cyclone 
shelters have saved millions of lives already, new structures should be built on mod-
ifi ed design having provisions for women: at least one separate toilet designated for 
women, preferably a separate fl oor for women, at least one room designated for 
pregnant and elderly women, a ramp to accommodate the needs of physically chal-
lenged and women with advanced stage of pregnancy, etc. 

 Since extent and duration of fl oods will only increase under climate change, a 
good coverage of multipurpose fl ood shelters in fl ood vulnerable areas needs to be 
established. Each of these structures must cater to the particular needs of women, as 
in the case of cyclone shelters. Instead of curative measures towards fi ghting against 
water borne diseases including diarrhea, efforts must be made to popularize alterna-
tive “preventive measures” to reduce the health cost of women and children—the 
major victims of such diseases. 

 Women’s resilience building demands women’s empowerment in all aspects of life: 
physical and mental, social, economical, political, and cultural. The State must assume 
responsibility to remove common and known barriers towards empowering women. 
Special attention is also required to ensure that similar barriers for other disadvantaged 
groups are removed with needs-based targeted programmes and practices. 
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 Though it appears obvious that simple coping would not help women much to 
reduce their vulnerability, raising awareness regarding the anticipated elements of 
risks and early warning could facilitate them to strengthen their approaches to 
coping. However, such programmes must be tailor-made to cater the needs of the 
target audience—the women and the disadvantaged. 

10.5.1     Recommendations 

 Some specifi c and general recommendations have been drawn in line with the above 
fi ndings and discussions on women and climate change issues. It is the prime task 
to promote women’s empowerment through capacity-building before, during and 
after climate-related disasters, as well as their active involvement in disaster antici-
pation, early warning and prevention as part of their resilience building. The possi-
ble way to ensure women’s empowerment through creating space for women and 
active involvement in disaster related activities and decision making and access to 
services with the help of government and NGO initiatives. Household head espe-
cially husband can take the lead to encourage women to take part such type of 
activities. In addition, it is necessary to encourage the women’s movement to take 
full responsibility and ownership of the gender and climate change discourse to 
ensure that implementation of UNFCCC and Kyoto Protocol (and post-KP) mea-
sures take their specifi c concerns into account (Mensah-Kutin  2008 ). Furthermore, 
support and promote practical solutions to enhance women’s adaptive capacity and 
livelihoods including alternative agricultural practices, equitable employment 
opportunities, access to credit, labor-saving technologies and equipment, safe shel-
ter and facilities, energy and water supplies and services (Diagne Gueye  2008 ) and 
set up adaptation funds, according to principles of democratic governance and civil 
society participation to play a key role in promoting women’s rights and to prioritize 
poor women’s needs. Safety net program for poor women and children needs to be 
strengthened through subsidy provided by the government and international agen-
cies with active involvement of village leader. Not last but least, gender issue is not 
only women issue. Gender equality can only be done with proper and balanced 
participation of men and women (   Takeuchi and Shaw  2009 ).      
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    Abstract     This chapter attempts to capture the dynamics of hydrological regime 
and agricultural adaptation issues in the face of changing climate and its variability 
in the context of the wetland ecosystem locally known as  haor . Since haor basin is 
geographically located at the foothill of Assam and Meghalaya is subject to high 
risk being hinterland of the highest rainfall zone globally. Climate change has cre-
ated two prong adverse impacts particularly on agricultural cycle as damage risk 
increased at the beginning of seeding stage if land is not water free due to late mon-
soon rain and at the harvesting time early fl ash fl ood in pre-monsoon. The changing 
trend of climate induced hydrological regime associated with variability in the pat-
tern and severity of rainfall triggering early and irregular fl ash fl ood in haor basin. 
Study fi nding reveals the fact that such risk in agricultural sector is increasing sig-
nifi cantly as available days for cultivation is reduced on an average by 10–15 days 
compared to 30 years back, while the high yielding rice varieties cultivated at pres-
ent are of longer duration compared to the local varieties. In response to this changed 
hydrological regime, farmers need to adapt with quick growing, diversifi ed climate 
resilient cropping pattern and new adaptive technologies. Particularly, need of the 
time is to adapt with short duration rice variety along with high value quick growing 
horticulture and alternative inter cropping approach as a risk proof measures. 
Cropping on fl oating beds is found potential to create opportunity of double crop-
ping in a single year, which would increase the livelihood opportunity for farmers in 
haor areas. Strategic development intervention for haor area aimed at transforma-
tional change should consider (a) climate and disaster resilient water management 
including advanced early warning system linked to remote vulnerable communities; 
(b) de-leasing haor ecosystem and ensure establishment of fi sh sanctuary at the dry 
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season water body; (c) declare study based delineated area suitable for common 
pool resources (CPR) to be managed by the poor and marginalized people based on 
key principles of wise use of natural resources and improve ecosystem services; and 
(d) agricultural development including adaptive diversifi ed crop and horticulture, 
development of fi sheries and livestock for food security. Accessibility, availability 
and entitlement security of the poor haor community could be arranged through 
broad based engagement in participatory planning and management system as well 
as ownership in development initiatives.  

  Keywords     Agriculture adaptation   •   Climate change   •   Common pool resources   
•   Community participation   •   Haor basin  

11.1         Introduction 

 A  haor  is a local term for wetland ecosystem in the north eastern part of Bangladesh 
which is physically a bowl or saucer shaped shallow depression, also known as a 
backswamp.  Haors  are fl ooded every year by the monsoon fl oods, and most of them 
retain some water throughout the dry season. This wetland system supports high 
biodiversity, an attractive habitat for migratory birds, provides ecosystem services 
such as fl ood storage; nutrient cycling/storage and related pollution control, storage 
of ground water and recharge. It’s a good habitat for fi sh, aquatic fl ora and fauna and 
wildlife as well. All these together make it a landscape of aesthetic value with great 
opportunities for livelihood and agriculture. In a country where one third of all area 
can be termed as wetlands, the haor 1     basin is an important wetland ecosystem 
(Fig.  11.1 ), which accounts for 13.5 % of the country’s total area, 12 % of the popu-
lation and 11 % of agricultural households. This wetland ecosystem is spread over 
seven districts such as Sunamgang, Moulvibazar, Sylhet, Habiganj, Kishoregang, 
Netrokonam and Brahmanbaria districts. The total area of Haor-type wetland eco-
system in Bangladesh is 8.5 million hectares. The haor basin is bounded by the hill 
ranges of India–Meghalaya on the north, Tripura and Mizoram on the south, and 
Assam and Manipur on the east. The basin extends north to the foot of the Garo and 
Khasia Hills, and east along the upper Surma Valley to the Indian border. There are 
other types of wetland such as “baor” (oxbow lake) and wetland of smaller in size 
widely distributed are locally known as “beel”.

   The Haors in Bangladesh are subjected to frequent fl ash fl ooding causing exten-
sive damage to crop, life and properties (Table  11.1 ). Flash fl ood means rapid fl ood-
ing of geomorphic low lying areas—washes, rivers and streams—caused by the 
intense rainfall associated with a thunderstorm, or multiple thunderstorms. Flash 
fl oods are distinguished from a regular fl ood by a timescale less than 6 h. 

1    A haor is a wetland ecosystem in the north-eastern part of Bangladesh which physically is a bowl 
or saucer shaped shallow depression also known as a back swamp.  
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  Fig. 11.1    Location of Haor basin and Wetlands by types in Bangladesh       
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Flash fl ooding occurs when the ground becomes saturated with water that has fallen 
too quickly to be absorbed. The runoff collects in low-lying areas and rapidly fl ows 
downhill. Flash fl oods most often occur in normally dry areas that have recently 
received precipitation, but may be seen anywhere downstream from the source of 
the precipitation—even dozens of miles from the source.

   In haor area 29.56 % of the population lives below the Lower Poverty Level 
(LPL), which is slightly lower than the national average of 29.26 %. Out of the 
seven haor districts, poverty incidence is the worst in Kishoreganj and Netrakona 
districts while in other districts it lies within a 5 % deviation range. Employment 
potential is generally expressed as the participation rate (%) of the number of eco-
nomically active population above age 15. At present 61.84 % of the economically 
active population in the haor area can serve in the labourforce, which is higher than 
the national average (58.74 %). 

 Currently, 28.5 % of the population of the haor area is not engaged in any kind 
of employment. Compared to the national fi gure of 14 %, only 3 % of the haor 
population has no cultivable land. On the other hand, 81 % of non-farm holdings 
have no cultivable land, which is higher than the national average (74 %). In the 
farm holding category, 34 % of farm households are marginal, which is 5 % below 
the national average. Similarly 51 % of the farm households in haor areas are small 
farmers while the national fi gure is 49.5 %.  

11.2     Agriculture in the Haor Region 

 Land use pattern reveals the fact that almost 65 % of the haor area used for agricul-
tural purpose (Table  11.2 ). However, most of this agricultural land remains under 
water during monsoon. Biodiversity is rich here because of these land and water 
interface over time. Land is available for agriculture for 5–7 months subject to early 
fl ash fl ood occurrence.

   The major occupation of the haor districts is agriculture. Half of the population 
(53.67 %) depends on agriculture for their subsistence. There is a remarkable 

   Table 11.1    Area of the Haor basin   

 District  Total area in ha  Haor area in ha  No. of haors 

 Sunamganj  367,000  268,531  95 
 Sylhet  349,000  189,909  105 
 Habiganj  263,700  109,514  14 
 Maulvibazaar  279,900  47,602  3 
 Netrakona  274,400  79,345  52 
 Kishoreganj  273,100  133,943  97 
 Brahmanbaria  192,700  29,616  7 

 Total  1,999,800  858,460  373 
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variation in the occupation of the haor population. A large portion of the population 
earns their livelihood from business (12.52 %) followed by non-agricultural labour 
(6.13 %), service (5.65 %), fi shery (2.59 %), and transport (2.39 %). A signifi cant 
part of the population (3.41 %), especially in Sylhet (10.32 %), Maulvibazaar 
(4.64 %) and Brahmanbaria (4.56 %) depends on remittances coming from home 
and abroad. About 52 % of households own agricultural land. The tenure pattern of 
the households depends on the prevailing practices of land use and crop cultivation. 
There are three types of tenure groups in the area such as tenant, owner and owner- 
cum-tenant. About 68 % are landowners and 25 % are owner-cum-tenant. 
Landowners either cultivate their land themselves or/and have them cultivated by 
hired laborers. The owner-cum-tenant cultivates land of other people along with 
their own land while tenant farmers (7 %) cultivate land belonging to others only 
(CEGIS  2012 ). 

 In Haor areas, three major resources viz. land; water and human (CEGIS  2012 ; 
CNRS-ActionAid Bangladesh  2008 ; CNRS  2007 ; Climate Change Cell  2008 ; 
Bangladesh Haor and Wetland Development Board  2012 ) resource could not be 
utilized in an integrated way due to its unique geographical as well as complex 
hydrological characteristics. Some of the important aspects to utilize the resource 
are to ensure harvesting of principal crop (Boro 2 ), enhancement of communication 
net works, multiple uses of water resources with emphasis on fi shery, agriculture, 
cattle farming and employment opportunities for both men and women throughout 
the year. The fl ood control infrastructures in these districts have been damaged by 
recurrent fl ash fl oods requiring immediate repair and rehabilitation. Boro rice in 
these areas were damaged and will continue to be damaged till such time if 

2    The boro rice is commonly known as winter rice. The term boro is Bengali originated from the 
Sanskrit word “Boro” which refers to a cultivation from November to May under irrigated 
condition.  

   Table 11.2    Land use pattern of the Haor areas   

 Land type 

 2010  2021  2030 

 Area (ha) 
 Area 
in % 

 Area 
(ha) 

 Area in 
%  Area (ha) 

 Area 
in % 

 Agriculture land  1,310,945  65.55  1,263,750  63.19  1,217,390  60.88 
 Settlement (homestead, 

pond and Road) 
 372,413  18.62  419,608  20.98  465,968  23.30 

 Hill  133,417  6.67  133,417  6.67  133,417  6.67 
 Forest (excluding 

hill forest) 
 66,345  3.32  66,345  3.32  66,345  3.32 

 Perennial waterbodies  48,360  2.42  48,360  2.42  48,360  2.42 
 River  41,872  2.09  41,872  2.09  41,872  2.09 
 Canal/Khal  26,448  1.32  26,448  1.32  26,448  1.32 

 Total  1,999,800  100.00  1,999,800  100.00  1,999,800  100.00 
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arrangements for protecting them from early fl ash fl oods are not made. Boro being 
the only crop grown in the area during the year, the repair and rehabilitation work 
are ought to be the primary concern to check starvation due to repeated damage of 
the only crop through recurring early fl ash fl oods almost every year. 

 The productivity of this wetland has contributed to a food surplus in this region, 
and may believe that there is a potentiality for further increases of land for agricul-
ture purposes. However, change of fl ood timing and pattern is probably one of the 
main reasons for changing local ecosystem and the livelihood of the local people. 
Flashfl ood causes crop damage that is considered as a big threat to the people, espe-
cially who work as sharecroppers or landless laborers. Sometimes, the fl ashfl ood 
comes early, just before the rice harvesting and during that time the people of haor 
basin, do not even get the time to harvest their crops. In many cases, it has been 
found that this part of Bangladesh losses 100 % of its crops. Threats to local live-
lihoods are not solely confi ned to wet season catastrophes. During the dry season, 
the water-covered area gets reduced by signifi cant amount and turns individual 
small water bodies called beels and kuas as well as lakes and canals. These sepa-
rated water bodies are vital for breeding and maintaining stocks of fi sh. 

 The hydrological regime of the haor basin has changed over years. The main 
effect of the changed hydrological regime in haor agriculture is that farmers get 
10–15 days less for cultivation than 30 years back, again the high yielding rice vari-
eties cultivated at present are of longer duration compared to the local varieties, 
predominantly cultivated earlier. To cope with the changed hydrological regime, 
farmers need to adapt diversifi ed cropping pattern and new technologies. Adapt 
short duration rice variety for saving their only one crop from fl ash fl ood. The con-
strains of boro rice cultivation and important characteristics of rice varieties viz. 
short growth duration, relatively tall, lodging tolerance and non-shattering habits 
need to be identifi ed. Another coping strategy could be cultivation of tall Aman 
variety or vegetable on fl oating beds (Baira) near the villages. There are many other 
cereal, vegetable, spices, pulses and tuber crops those could be cultivated success-
fully during rabi season in the haor basin and could be harvested much earlier than 
boro rice which could avoid fl ash fl ood. Cropping on fl oating beds (Baira) is found 
potential to create opportunity of double cropping in a single year, which would 
increase the livelihood opportunity for farmers in haor areas. 

 Onrush water caused by rainfalls in upper catchment in Meghalaya, India during 
March and April resulted fl ashfl oods in Haor areas. It is evident that rainfalls in 
Meghalaya in March has been increased from average 150 to 250 mm. Erratic 
behavior of rainfalls intensifi es the severity of fl ashfl oods in the haor areas. It is 
experienced that the risk of the hazard to damage winter rice is increasing. Therefore, 
introduction of alternative cropping practice and short duration rice varieties can be 
the right solution of the problem as a climate change adaptation measure. 

 Almost 20 % of the land in haor areas is comparatively raised land known as 
kanda. Haor people are dependent on surface water irrigation for winter rice cultiva-
tion and kanda lands are found not suitable for rice cultivation. In most of the cases, 
kanda lands are remain fallow. Research results owed that kanda lands are suitable 
for rabi crops viz. pulses, seed oils and vegetables which require very minimum 
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irrigation water. These crops are more profi table than that of rice. Most of the kanda 
lands are owned by the government, therefore, these lands can be distributed among 
the landless households along with technological and input support. But it is also 
important to keep in mind that there are some other uses of kanda lands viz. grazing 
land, crop processing, seedbed, and playground. Historically these lands were char-
acterized by either reed lands or swamp forest. Therefore, ecological phenomenon 
of the kanda lands should also be taken care off. 

 Most popular rice variety among the farmer of haor areas is BRRI dhan 29. As per 
the research fi ndings, it requires a total of 163 days to grow. Production of BRRI dhan 
29 is found 6.18 ton/ha in the research plots. On the other hand, research tested a trial 
variety advanced by BRRI 3  called BRRI dhan 45 in the haor areas. It requires 139 
days to grow and production is 5.98 ton/ha. Though the production of BRRI dhan 45 
is a bit low than that of BRRI dhan 29 but BRRI dhan 45 can be harvested 24 days 
ahead and that can reduce risk of damage by fl ashfl oods substantially. Therefore, 
BRRI dhan 45 can be released for haor areas. DAE 4  can take the role in this regard. 

 The haor region has long been lagging behind mainstream national development 
although the economic development of Bangladesh is moving steadily at a moderate 
pace. Although the contribution of the haor region has been on average around 
6-8 % of the national GDP. Considering the regional growth, the current GDP con-
tribution of the haor region in the base year is 263 billion, which is 6 % of the total 
GDP of the country. Of this 36 % is from the agriculture sector, 27 % from the 
industrial sector and 37 % from the service sector. The annual average growth rate 
of GDP of the haor region is 5 % whereas the national average is 6.1 %. The govern-
ment has taken many initiatives including the preparation of national and regional 
strategies to steer economic growth and has accordingly prepared plans over the 
years to boost the country’s development. It is diffi cult to foresee the country’s 
overall progress without the development of the haor region as it covers a major part 
of the country and population that deserves special development initiatives. The 
future challenges in the context of climate change are also a major concern for the 
sustainable development of the    region (Fig.  11.2 ).

11.3        Accessing Kanda 5  Lands by the Landless Poor 

 Access to the kanda lands to the landless households living in the haor region will 
lift themselves out of extreme poverty. Agriculture here is highly susceptible to 
climate variability, especially fl ash fl oods. Crops can only be grown in the dry 

3    BRRI is a major component of the National Agricultural Research System (NARS) of Bangladesh, 
dealing with research and development in relation to rice production, the staple food for our 
people.  
4    The Department of Agricultural Extension (DAE) is the largest extension service provider in 
Bangladesh, and has considerable human and fi nancial resources.  
5    The outer portion of the haor adjacent to the surrounding villages is known as kanda. This land is 
government land with no private claims on it.  
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season and even then are vulnerable at harvest time. Overall a fi fth of land is  kanda  
(slightly higher lands) which are traditionally not cultivated because surface irriga-
tion of rice (the dominant crop in the area, with its high water demand) is not pos-
sible there. Most kanda lands are public or  khas  lands. Here monsoon water recedes 
fi rst and they are inundated last. Access to these lands will enable the extreme poor 
to get a return from otherwise unused kanda land using climate resilient farming 
practices and through group initiatives to improve access to local services. 

 Haors are one of the most poverty prone areas in Bangladesh because the land is 
single cropped (mainly the rice) and often that crop is damaged by fl ash fl oods. The 
severity of fl ash fl oods increased during 1997–2006 which is consistent with 
increases in rainfall in the upper catchments of Megahalaya in India in the last 30 
years (source: Indian Meteorological Department). Moreover, unusual cold waves 
and drought also damage rice crops. About 20 million people’s livelihoods are 
dependent on haor resources. Over half live below the poverty level of whom about 
3.5 million people live in extreme poverty (direct calorie Intake (DCI)—16 % and 
cost of basic needs (CBN)—35 %). Thus more than 10 % of haor area people live 
in extreme poverty. The bottom 10 % include female headed households, elderly 
people with no family support, households with disabled members, and large fami-
lies dependent on a single earner(CNRS-Action Aid Bangladesh  2008 ). 

 One fi fth of haor land is  kanda —slightly higher lands that are not cultivated and 
are typically public lands treated as commons. Therefore, it is assumed that there 
are about 500,000 ha of kanda land in the haors. During resource mapping it was 
found that over 95 % of kandalands are owned by the Government. If the govern-
ment plants to transfer 50 decimals (0.5 acres, 0.2 ha) of land to each extreme poor 
household, it is estimated that only 8 % of kanda lands (40,000 ha) will be needed 

  Fig. 11.2    Farming calendar in the Haor       
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to support the bottom 10 % (200,000) extreme poor households in is region (CNRS 
 2007 ). Kanda lands are traditionally not cultivated because:

    1.    They are slightly higher so monsoon water recedes fi rst during November and 
they are inundated last (June),   

   2.    Traditionally, people grow only rice in low lying areas (where water recedes in 
December and inundated in April/May),   

   3.    Haor farmers are dependent on the natural irrigation using gravity fl ow of sur-
face water,   

   4.    The ground water table of haor area is over 700 ft deep so it is not feasible or cost 
effective to irrigate with tubewells,   

   5.    About 60 years back, most of kanda lands were covered by reed lands and swamp 
forest and could not be farmed,   

   6.    Existing crop lands in the haors need very little effort for land preparation, but 
this requires a very high effort in kanda.    

  Some adaptation research has already identifi ed positive opportunities for kanda 
farming (   Climate Change Cell  2008 ). It identifi ed some crop varieties appropriate 
for kanda farming which need less irrigation water. It also found that kandas near 
rivers/canals could grow rice of certain varieties and could be irrigated by using 
LLP (low lift pump). Even in some places two crops could be grown if the area is 
free from risk of fl ash fl oods. We also identifi ed low cost specialized tractors for 
land preparation (traditional cattle based land preparation is not possible in kanda), 
and ways of managing weeds and integrated pest management (IPM) techniques to 
cope with high pest levels. Using this cultivation package a return of Tk. 24,000 can 
be earned from 50 dec of kanda lands. Therefore, transfer these lands to the extreme 
poor along with technological and input support can help extreme poor people get 
out from the income poverty trap. 

 But solving income poverty cannot always lift a household from extreme 
 poverty if they are not provided support for social protection, vulnerability reduc-
tion, empowerment, and wider opportunities. Therefore they need some safety net 
protection measure. A safety net system and crisis coping mechanisms for 
 participants will be established so that extreme poor households can be supported 
if they faces any shocks (natural or physical). By addressing income poverty along 
with social support, this initiative will probably lift extreme poor households out 
of the poverty trap. 

 The north-eastern haor basin is one of three high poverty incidence regions in 
Bangladesh identifi ed in World Food Program poverty mapping and World Bank 
and Government of Bangladesh assessments. Parts of seven districts fall in the haor 
basin. Sunamganj is the only district where all of its upazilas are considered to be in 
the haor environment. The district has experienced major damage of crop by fl ash 
fl oods in 6 out of 10 years (1997–2006). Seasonal migration rate is very high in 
these upazilas. The major problems in the area in regard to extreme poverty are:

    1.    The whole area remains inundated for about 7–8 months during the monsoon,   
   2.    There are no economic activities during the monsoon and no other local employ-

ment opportunities resulting in high seasonal migration,   
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   3.    Fishing is controlled by lease holders, therefore, poor people cannot fi sh in the 
haors,   

   4.    Only one crop (winter rice) and be grown and it is highly susceptible to fl ash 
fl oods,   

   5.    Road communication is virtually absent along with public services,   
   6.    Traditional NGO-based micro credit programmes are lacking and there are 

almost no development projects or NGO activities in the remote villages,   
   7.    Serious social problems (polygamy, gender discrimination, water-sanitation, 

primary education, health issues),   
   8.    High variability in the climate (cold wave, drought, hail storms, wave erosion, 

fl ash fl oods).     

 The proposed initiative is highly relevant to addressing needs of the area and 
target people. It will diversify crops away from monoculture of winter rice into 
crops that are less susceptible to damage by fl ash fl oods. It will bring support for the 
poor to villages lacking NGO projects and government service provision. Awareness 
raising and bringing service providers to the area will start the slow process of 
addressing the serious social problems noted above. The innovation itself and com-
munity risk mitigation planning and coping provisions will help reduce the impact 
of climate variability. 

 The proposed initiative should target extremely vulnerable households for the 
transfer of kanda lands. These households have no crop land, and therefore are com-
pletely dependent on manual labour and collection of haor resources including wild 
food, fodder, thatching materials, grasses, fuel-wood, fi sh, birds, etc. This initiative 
should facilitate transferring small areas of unused public lands to the extreme poor 
along with input and technical support. The initiative should enable participating 
households to earn a good income from this land. Most of the crops to be grown on 
kanda lands will be harvested before the occurrence of fl ash fl oods. At least one 
adult woman from each household should be involved in adaptive farming and 
women-friendly crop packages should be offered. Thrift groups with women should 
be formed. The savings gradually built up should be used for internal lending among 
women members once confi dence develops. Demand for other services should be 
created among the extreme poor and they should be linked with service providers. 

 This particular innovation has been proposed because it will have a very tangible 
output and the innovation arises from research fi ndings that have been tested in 
subsequent years and found successful. During the research and testing phase 
Bangladesh Rice Research Institute, Bangladesh Agricultural Research Institute 
and Department of Agriculture Extension were involved. This will bring quick ben-
efi ts to the participants and can be scaled up in the whole haor area. The extremely 
vulnerable households in the area are basically landless farmers and farm labourers, 
traditionally they are involved in farming so they can easily combine their existing 
skills and expectations with new techniques provided by the project. 

 The objective of the proposed initiative is to lift the targeted households from 
extreme poverty through crop diversifi cation, ensure food security and promote 
adoption of climate resilient farming practices in haor areas. The changes that are 
expected out of the proposed initiative: (a) fallow kanda lands will be converted to 
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productive farm lands, (b) the income of extreme poor households should increase, 
(c) consumption and diversity of food by extreme poor households will increase, (d) 
hygiene practices will improve, (e) a local market for non-traditional crops will 
form, (f) local entrepreneurs and resource persons will be developed, (g) demand 
for services among the ultra poor will increase, (h) the position of women in the 
family and society will    improve (Table  11.3 ).

   Table 11.3    Risks and mitigation strategy   

 Risk  Government delay in transferring government land ( khas kanda ) to the 
hardcore poor or brought under Common Pool Resource (CPR) 
Management by the poor based on wise use principle 

 Mitigation/
contingency 

 • Presently the khaskandas remain fallow and so the local consensus is 
likely to be to use these lands for agriculture 

 • Taking a 1 year lease ( eksonabondobosto)  is a comparatively easy process 
 • The fi rst yearlong lease will be taken on behalf of the project participants 
 • These lands have been unused for long therefore any lease cost will be 

very nominal 
 • Once someone gets the possession of land and pays taxes against it, they 

have cultural, traditional and offi cial rights to use of that land 
 Risk  • Poor may be excluded from kanda lands when cultivation is profi table 
 Detail  • Access rights of the poor are currently based on 1-year leases. Once local 

rich and infl uential see that the lands can be profi table, they may take 
possession 

 Mitigation/
contingency 

 • According to the law, the fi rst leaseholder has priority to renew the lease 
and participants will be made aware of this and helped to renew access 

 • Brought under CPR management with some key principles which benefi ts 
the nature as well as the poor people 

 • Local level consultation and consensus building workshops will work to 
encourage the rich and infl uential to support the poor in this endeavour 

 • This will be further mitigated by the fact (and its dissemination) that only 
8 % of all kanda lands will be used, leaving plenty of lands for other users 

 Risk  • Single-crop farming is vulnerable to unexpected climatic conditions 
 Detail  • Climatic hazards hamper production of certain types of crops, e.g. 

prolonged fog may adversely affect potato production and cold waves or 
droughts may hamper rice. Farmers that rely on one crop are at higher risk 

 Mitigation/
contingency 

 • Each participating farmer will be given a package of a combination of 
crops and horticulture. Livestock raring is another option may be promoted 

 • Each participating farmer will be trained on growing and advantages of 
diverse crops and horticulture 

 Risk  • Farmers may be reluctant to try non-traditional crops 
 Detail  • Farmers have relied on and have knowledge about traditional crops for 

years. They are likely to be change- resistant as they will not be sure there 
is a market for new crops or have the expertise of how to grow them 

 Mitigation/
contingency 

 • Traditional crops which can be stored for a long time will be promoted, 
such as sweet gourd, oil seeds and pulses 

 • Demonstration of crop and horticulture farms which show proven results 
of more profi table and gainful over the traditional crops and horticulture 

 • Local human resources will be trained for marketing support 
 Risk  • Quality seed of non-traditional crops may be scarce in the Haor area 
 Mitigation/

contingency 
 • A memorandum of agreement will be signed with BARI to supply quality 

seed 
 • Local human resources will be trained for seed trading 
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11.4        Innovative Farming Practices in the Haor Region 

 Several action researches conducted by different projects and NGOs has shown a 
wide range of option that may be suitable for the region with high fl ash fl ood vulner-
ability and dry season irrigation scarcity. Notably the research undertaken by 
Climate Change Cell in 2009 has presented a selection of crops that has performed 
well partnering with BRRI, BARI, and CNRS 6  in Jamalganj Upazila, Sunamganj 
District. Adaptive cropping has been tested at the farmers’ fi elds demonstrated 
encouraging results. Two varieties of winter rice with higher yields attained matu-
rity by end of fi rst week of April have high potential to avoid fl ashfl ood risks. Over 
a dozen of vegetables and spice crops performed satisfactorily and proofed highly 
profi table compared to rice can be harvested at least a month before the current tim-
ing of fl ashfl oods. Research fi ndings have opened up avenues for the farmers to 
adapt to the risks of fl ashfl oods. However, more social and institutional work is 
needed to sensitize farmers to make a shift from their traditional preference over 
rice to other non-rice crops as well as for an enabling institutional mechanism that 
could facilitate extension of adaptive cropping to wider communities in Bangladesh 
exposed to fl ashfl ood hazards. 

 Participatory land use survey was undertaken to identify the existing land use 
pattern of the haor areas. The survey was taken place on the basis of mouza as a 
primary unit and use of all plots of the mouza has been identifi ed. PLUS was con-
ducted in fi ve mouzas in Jamalganjupazila which are Kandarbapur, Gongadharpu, 
Chhoyhara, Latifpur and Chanpur, Survey information revealed that about half of 
the mouza are not under cultivation. Haor dwellers are mainly dependent on surface 
water for winter rice and kanda lands (a bit raised land) are found not suitable for 
rice cultivation (due to irrigation problem) remain fallow. As per the land use sur-
vey, about 20 % of total lands are kanda, which are remain fallow or under used for 
grazing land, seedbed, playground and crop processing area. Chart reveals that 
53 % of total mouza area is not used for agriculture purposes. Land use pattern of 
Chhoyharamouza shows that total agricultural land in the mouza is about 53 ha 
while area of kanda is about 55 ha. These kanda land remains fallow but potential 
for rabi crops (spices, vegetable and pulses). 

 Rice is the main crop of the haorbasin which is very widely cultivated by the 
local farmers (Table  11.4 ). A previous study revealed that almost 90 % of the land 
used for rice cultivation (CNRS 2001). 7 

   Crops (especially rice) are used to damage by the Flash fl ood is the main Climate 
Change challenge in the haor area. As a result, adaptation of new short duration 
variety rice was found very important for the ensuring the livelihood of the people 

6    Center for Natural Resource Studies (CNRS) is a national level NGO focuses on ecological man-
agement of fl oodplain ecosystem through community-based management approaches in 
Bangladesh.  
7    CNRS (2001): Integrated fl oodplain management—land water Interface. Unpublished project 
report.  
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of this area. A total of six different types of rice varieties were tested. Among those 
some new varieties e.g. CH 45, BRRI Dhan 45 which are not yet released by the 
BRRI as variety were tested while some old and popular HYVs were tested adopt-
ing different methods to reduce duration of life cycle. BRRI dhan 29 (new technol-
ogy) is a long duration variety, and mostly popular in haor region. Its life duration 
has been manipulated by crop management and resulted reduction of about 15–20 
days. However, BRRI dhan 45 is the shortest lifespan variety and market price is 
higher than the other demonstrated variety. So from the above discussion it could be 
said that for addressing the risk of fl ash fl ood BRRI dhan 45 could be adopted in this 
area and also BRRI dhan 29 could be also cultivated with some crop manipulation 
techniques. 

 Pulse crop (Mughbean, Lentil): Both these two varieties of pulse were found 
very new in this area. Though it needs relatively shorter time compare to traditional 
Boro Rice (Table  11.5 ), but it needs lot of motivation among the farmers to adopt 
these verities. Both high and low kanda that are fallow could be used for the cultiva-
tion of these verities. So it could add a new dimension in the production. Total cul-
tivation time is less than 140 days for both the two crops can be harvested by March 
(due to cold injury, all crops took 15–20 days more compared to the normal year). 
So it is possible to harvest before the fl ash fl ood. For Mung bean and Lentil the life 
span is 129 and 102 days respectively. Usually, recession of water from raised kanda 
lands gets faster and the lands become ready for agriculture activity 30–45 days 
ahead compared to the rice fi elds (low lying). Again, the rice fi elds get inundated at 
the fi rst place by the fl ash fl oods while raised kanda lands inundated at the last. 
Therefore these lands are quite feasible for agriculture purposes and free from risk 
of fl ash fl oods. Moreover, kanda lands are remaining fallow throughout the year can 
be used for agriculture production. Only diffi culties were found in farming in the 
kanda lands are lack of irrigation facilities. Thus the lands are highly recommended 
for the crops, which need less irrigation.

   Table 11.4    Comparative advantages of different rice varieties   

 Plot no. 
 Date of 
sowing 

 Date of 
transplant 

 Date of 
harvest 

 Crop’s life 
span (days) 

 BRRI dhan 28  18.11.06  25.12.07  15.04.07  147 
 BRRI dhan 45  22.11.06  25.12.07  10.04.07  139 
 CH 45  18.11.06  25.12.07  12.04.07  145 
 Hobiganj boro 6  18.11.06  25.12.07  12.04.07  151 
 BRRI dhan 29 (traditional 

practice) 
 18.11.06  24.12.07  30.04.07  163 

 BRRI dhan 29 (new technology 
adopted under the project) 

 4.12.06  24.12.07  30.04.07  149 

   Table 11.5    Lifespan of different pulse crop variety   

 SI no.  Name of crops  Date of sowing  Date of harvesting  Crop’s lifespan (day) 

 1  Mungbean  05.12.06  14.04.07  129 
 2  Lentil  05.12.06  17.03.07  102 
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   Oil seed (mustard): Life span of mustard is very low in compare to other crops, 
which was found very suitable in the context addressing fl ash fl oods. It could grow 
within 100 days and as a result of that there is no threat of early fl ash fl ood in that 
particular crop. Cultivation of oilseed is more profi table than that of rice. Mustard 
was found as a potential crop, which had less insect and disease infestation, and 
yield was satisfactory. 

 Vegetables (Radish, Spinach, Garden Pea, Sweet guard, Red Amaranth, Steam 
Amaranth, Bitter gourd, Potato, Ash gourd, Ariod): Cultivation of vegetable is not 
popular in the haor areas and therefore not practiced by the farmers. Interview notes 
revealed that only few women members used to cultivate vegetables at the home-
stead and court yard level. But the team has found a huge potential of growing 
vegetables in the haor areas. Fallow kanda lands were found potential area for grow-
ing some kinds of vegetables. All of the above vegetable crops were found more 
profi table than many other crops. All the vegetable crops were tried to cultivate in 
homestead and adjacent area and fallow kanda land and some vegetables like potato, 
garden pea, bitter gourd etc. is possible to grow in the others land in the haor. All 
vegetable crops were possible to harvest before fl ash fl ood and proved to be profi t-
able. Especially, sweet gourd performs better in roadside and fallow land. On the 
other hand, potato needs some special care when cloudy weather, heavy fogging and 
high humidity condition appear. January to March months were found peak poverty 
period in the haor areas and the vegetable can be used as cash crop can highly con-
tribute to address peak poverty situation as well as the fl ash fl oods. 

 Spices (Onion, Garlic): Spices like Onion and Garlic is very new to haor area. 
However, spices could be taken as an alternative of rice because of spices have more 
productivity and more profi table than rice and some of the spices can grow in the 
lands suitable for rice as well. Spices usually take more time than vegetables, oil and 
pulse crops. But it could be harvested before the fl ash fl ood. So these crop varieties 
were found very much potential for the Haor areas to address fl ash fl oods. Profi t 
percent is very high. In addition, infestation of disease and pest was very low. 
A small piece of land can generate huge profi t margin therefore it was found very 
suitable for small and marginal farmers. 

11.4.1     Erratic Flash Flood: Need for a Peoples Centered 
Early Warning System 

    Flash fl ood occurs in this area almost every year. Intensity differs from year to year 
and intra basin locations. Generally the depressed parts of the study areas are highly 
affected. It depends on time and quantity of rainfall in the hill and drain out capacity 
of main rivers. Pressure of hilly fl ow plus rain fed water in the rivers reach to such 
a level to overfl ow or wash out the embankments or banks of the rivers to enter the 
fl ow into the  Haor . When fl ash fl ood due to sudden heavy rainfall creates pressure 
on the hydrological system, water easily overtops and creates breaches at several 
locations of the submersible embankment eventually water quickly enter into the  haor . 
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Most of the cases, fl ood water comes into the  haor  very early in the monsoon and 
farmers do not get suffi cient lead time to harvest their standing  boro  crop. 

 The objective of people-centered early warning systems is to empower individu-
als and communities threatened by the hazards, especially fl ash fl ooding, to act in 
suffi cient time and in an appropriate manner to reduce the possibility of crop loss, 
loss to livelihoods, and damage to property and the environment. Early warning is a 
major element of disaster risk reduction. To be effective, early warning systems 
need to actively involve the communities at risk, facilitate public education and 
awareness development on risks, effectively disseminate messages and warnings 
and ensure there is constant state of preparedness (Table  11.6 ).

   Table 11.6    Key causes of fl ash fl ood in the  Haor  area   

 Causes of fl ash fl ood  Factors responsible 

 Insuffi cient drainage system 
of rivers and canals 

 Deforestation in the hills, unplanned construction of groan 
and earthen roads lead to ineffective drainage systems. 
Siltation/sand deposition enhances the affect of fl ash 
fl ood 

 Excessive rainfall and 
increased runoff from hills 

 Deforestation in the hills, global climate change effect, and 
reduced water retention capacity of hill-soil 

 Ineffective/weak embankment 
and dam 

 Extended hilly fl ow and ineffectiveness of natural drainage 
system put extra pressure on embankments. On the other 
hand weak consolidation of newly constructed 
 embankments failed to meet the pressure 

 Inappropriate reconstruction 
of embankment 

 Lack of active participation of local people in planning and 
implementation work increases systemic corruption in 
implementation of repair work through UP & BWDB 
hampered construction work 

 Reconstruction of crop 
protection embankment 
are not done on time 

 Lack of sincerity of the relevant authority, delay in fi nancial 
allocation and corruption in the construction work delays 
the completion of the work before fl ash fl ood event 

 Inadequate number of sluice 
gates and culverts in the 
embankments 

 No involvement of local people in planning and 
 implementation, inadequate funds are responsible for 
inadequate sluice gates in the area that put pressure on 
embankments 

 Lack of maintenance and 
effective use of sluice gates 

 Absence of certain maintenance facilities from government 
or local level institutions and lack of trained manpower 
for effective use of sluice gate extends the affect of fl ash 
fl ood 

 Deforestation in the hills and 
fl oodplains 

 Extensive cutting of trees for boat construction, establish-
ment of  katha  in the beels, furniture making, fi rewood 
and conversion of land for agriculture and limited new 
plantation make adverse affect 

 Rats, crabs, fi shes makes hole 
in the embankments causing 
easy collapse 

 Due to destruction of natural habitat for the boring animals 
they take shelter on embankment causing damage and 
water leakage resulting in decreasing effectiveness of the 
embankment. There is also lack of adequate plantation 
along the embankments to reduce the soil erosion 

 Decreased width and depth 
of rivers/canals/stream 

 Illegal encroachment practice by the local infl uential as well 
as due to extension of agriculture practices 
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   As has already been mentioned, the  haor  areas are fl ooded during cropping 
season every year in the last 10 years, except years 2005 and 2008. Flash fl oods in 
most areas, strike at the beginning of April (mid  Chaitra ), although in some areas 
of the district, fl ash fl ood hit as early as the beginning of  Chaitra —particularly in 
areas of Tahirpur and Sulla. Further, on rare occasions fl oods have been known to 
occur in February ( Falgoon ). Interestingly, villagers in the majority of the areas 
suggested that increases in siltation (mainly riverbeds) in the recent past has wors-
ened the effects of fl ash fl ooding, sometimes citing fl ood control structures (sluice 
gates, embankments, dikes, etc.) as the primary causes. It is also possible that 
deforestation and quarries in the Meghalayan hills are contributing to increase silt-
ation in the district. 

 Common rice cultivation generally is  Boro  ( Jugli  and  shail ) and BRRI varieties 
(BR11, BR18, BR26, BR28, BR29). From seedling to harvest the average period 
until maturation is 3–3.5 months for  Boro  and 4–5 months for BRRI varieties 
(except BR28). Harvesting usually starts at the end of  Chaitra  and continues for the 
entire  Baishakh . In isolated pockets other  boro  varieties such as  LalJingi ,  Tepi , 
 Rata , but in negligible quantities (where grown, at most 10 % of the total crop). In 
most of the areas visited there is no history of commercial  Rabi  crop cultivation. 
Cultivation that does take place there is usually small-scale cultivation for personal 
consumption. When asked about short duration paddy, villagers generally men-
tioned BR28, and on one occasion  Aus , but no other. 

 There is a surprising wealth of indigenous knowledge by which villagers can 
predict that fl ash fl ooding will occur. The most obvious, identifi ed in all areas vis-
ited was the appearance of dark clouds in the sky and stormy weather. Another 
commonly mentioned sign is the appearance of storm clouds and rains on the 
Meghalayan foothills, or, the foothills becoming distinct on the horizon. River 
swelling was also commonly cited as an indicator of impending fl ooding, whilst less 
frequently, but in all Upazilas southern wind was also mentioned. 

 In the past, villagers in most areas would build makeshift embankments to con-
tain fl ood water, as and when fl ash fl ood occur, or hastily repair damaged (existing) 
embankments at the eleventh hour. Crucially, no preplanned action is usually taken 
in advance (e.g. at the start of the dry season) to prevent crop damage in the area. 
The aim of these repairs was to protect the land for very short time (at most 1 week) 
so that the respective villagers could harvest their paddy. In order to make tempo-
rary embankments villagers generally works together, using soil and bamboo  pala-
siding  to contain water. In most areas, however, if the paddy is ready to harvest, 
villagers harvest as much rice as possible before fl ood water inundates the  haor . 

 Flash fl ood occurs in the area almost every year. Intensity differs from year to 
year and in various basin locations. Generally, the deeper parts of the areas are 
highly affected. Severity depends on time and quantity of rainfall in the hill and 
drain out capacity of main rivers. Pressure of hilly fl ow plus rain fed water in the 
rivers reach to such a level to overfl ow or wash out the embankments/dams or banks 
of the river/canal and to enter into the  haor . This situation is locally called  apor-
mara . Basically  apor  means the embankments or raised banks of river/canal. Early 
invasion of fl ash fl ood causes heavy damage to the standing crops of the  haor  
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leaving no or limited scope for harvesting. Flash fl ood not only damages crops but 
also the cause water logging within the  haor  due to low runoff capacity of rivers 
and canals. 

 Though the most devastating fl ash fl ood occurs generally during the end of 
 Chaitra  to  Baishakh,  people informed that two to four times there is sudden increase 
of water level till  Agrahayon . In recent times, fl ash fl ood causes more damages than 
the past. In recent past, the most severe one occurred in 2004. People reported that 
this was the fi rst time that they experienced such type of fl ash fl ood damages 
(Table  11.7 ).

   The CDMP study on Early Flash Flood Modeling in the Haor region has esti-
mated around 40 h catchment lag time using the hydro-climatic information (   Sumon 
 2009 ). This may further be advanced using the cloud modeling and distant rainfall 
forecasting at the upper catchment in India. Also using the DEM database will 
improve the assessment of real time damage and loss forecast. Local farmers were 
asked to respond on what should be the minimum lag time to secure the standing 
crops and properties. For agriculture and protection of homesteads and outside 
property, the lead time needs to be at least 7 days to save at least 70 % of the asset, 
while 2-days lead time is suffi cient to save household items, livestock and poultry 
(Table  11.8 ).

   The community members and the UDMCs 8  were interviewed to identify the nec-
essary requirements for an effective EWS and the potential interventions for a suc-
cessful response and recovery. Especially, the crop protection strategies got the 
highest importance to the community members during discussion.

•    Extend regular support of Bangladesh Water Development Board (BWDB) in 
the Upazila to discuss the problems;  

•   Dredging rivers and canals to facilitate drainage of fl ash water;  

8    Union Disaster Management Committee (UDMC) headed by the Chairman of the Union Parishad 
to co-ordinate, review and implement the disaster management activities of the concerned union.  

   Table 11.7    Extent of fl ash fl ooding in Sunamganj District   

 Year 
 Flood water 
entered the  haor  

 Inundating the 
 boro  crops 

 Extent of 
damage 

 Damaged  boro  
crop in hector 

 Cost of damaged 
crops in Lac 

 1996  16 March  18 March  75 %  29,822  4,102.07 
 1997  22 May  24 May  15 %  9,830  1,278.84 
 1998  20 May  23 May  40 %  11,579  2,365.02 
 1999  03 May  06 May  45 %  10,950  976.65 
 2000  28 April  30 April  70 %  1,355  420.14 
 2001  27 April  30 April  75 %  4,963  1,899.95 
 2002  14 April  18 April  70 %  21,677  7,058.16 
 2003  27 May  30 May  20 %  20,997  8,666.87 
 2004  13 April  15 April  90 %  95,402  34,860.40 
 2005  22 May  25 May  15 %  –  – 

   Source : Community response and DAE Sunamganj  
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•   Embankments and canals maintenance should be done on time;  
•   Plantation along the embankments to reduce soil erosion;  
•   Flood protection plan and implementation scheme should be carried out with the 

active participation of people;  
•   People’s participation is also to be ensured for management and maintenance;  
•   Ensure people’s access to Government rehabilitation services;    

 For easy protection against the fl ood impact, the small and marginal farmers 
should be given training on Alternative Income Generating (AIG) activities and 
provided with basic capital:

•    The plan should be prepared and implemented to facilitate draining out of rain-
water and fl oodwater;  

•   The embankments should be reconstructed to protect the fl ash fl ood;  
•   The areas can be compartmentalized for fl ood protection development 

activities;  
•   Damaged embankment should be reconstructed through the local committee to 

complete the necessary work on time;  
•   Establish and construct 10–12 submersible culverts around the  haor  as more 

water can be drained out;  
•   Construct a regulator across the linking canal between the Angurali and Sonar 

 haor  as water can be regulated to protect the crop;  
•   Government should initiate fl ood preparedness program involving community.      

11.5     Haor and Wetland Development Master Plan 

 Bangladesh Government has created Bangladesh Haor and Wetland Development 
Board under the Ministry of Water Resources to address the development issues of 
the haor region. Recently this Board has drafted Master Plan of Haor areas in April 
2012. The development of the Haor Master Plan 2030 offers the possibility of devel-
oping a long term vision of the transformational change in the haor region with a 
future direction on governance, planning and budgeting of comprehensive 

   Table 11.8    Lead time preference to save different assets   

 Items 

 Days a  

 One day  Two days  Seven days 

 Structures  � 
 House contents  � 
 Outside property  � 
 Livestock  � 
 Agriculture  � 
 Culture fi sheries  � 

    a Indicates lead-time required to save 70 % or more of the asset  
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development including management of natural resources and utilizes limited public 
and private resources more effectively through multiple objective oriented 
interventions. 

 The strategy of the Master Plan focuses on achieving the objectives of sustain-
able development based on certain key principles. The strategy is formulated for 
optimal use of available natural resources with least interruption to the haor eco- 
system. In order to address the needs and issues, this Master Plan has followed six 
thematic strategic areas for integrated development such as (a) improved water and 
disaster management; (b) agricultural development for food security; (c) biodiver-
sity enhancement and wetland management; (d) social safety net and improved 
standard of living; (e) improved physical infrastructure and (f) enterprise and tech-
nology development. 

 This Master Plan has identifi ed 8 water resources projects, 20 agricultural devel-
opment projects, 22 fi sheries development projects among others. Implementation 
of the proposed agricultural and water resources management investment portfolio 
projects in the Master Plan are expected to bring about positive changes. At present, 
the cropping intensity of haor districts is 147 % and with project investment sce-
nario, it is expected to be 185 %. Incremental food grain production in post project 
condition is estimated to be increased by about 2.07 million metric ton/year. The 
Master Plan also anticipated that there will be signifi cant increased (200 %) of non- 
rice crop areas.  

11.6     Concluding Remarks 

 The policy instruments package should be aimed at sustainable wise use of natural 
resource while ensuring equity and justice in benefi t sharing while managing the 
resources in a participatory approach. In this context, wetland protected area con-
cept such as sanctuary declaration of the dry season water body may also become an 
effective tool in sustaining our aquatic resources including fi sheries by protecting 
key habitat and nursery areas. Given that wetlands are often open access resources, 
it is imperative that communities be charged with the responsibility of managing 
them to reduce over utilization. The envisaged policy implication is to take into 
account household welfare besides institutional innovations and hybridizations as 
part of the policy package towards sustainable use of wetlands. Access to wetland 
resources with legal support is a critical factor in strengthening poor haor people’s 
livelihoods. Creating opportunities for expansion and enhancement of common 
property resources for the target poor population in critical eco-specifi c sites as well 
as tackling inequitable and insecure access to natural resources that will encourage 
sustainable management, is the most important action needed to reduce poverty and 
improve environment and natural resource condition. Activating local government 
and other local organizations to provide and attach to more responsive services to 
the local communities through multi-sectoral interventions needs attention while 
planning local haor development intervention. 
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 Agriculture being the mainstay of livelihood needs special attention which has 
been refl ected in the Haor and Wetland Master Plan. However, priority should be 
given on application and transfer of climate resilient modern cropping pattern tech-
nology to the farmers so that double and triple crops can be harvested by utilizing 
fallow land. Also adoption of technology for minimizing labour and time cost for 
harvesting and planting/sowing of crops to protect the crops from fl ash fl ood dam-
age. Cultivation of innovative agriculture through fl oating bed is another opportu-
nity for livelihood support in lean monsoon season.     
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    Abstract     Nowadays, climate change is one of the greatest threats to human lives 
and livelihoods in coastal regions all over the world and especially, coastal zone of 
Bangladesh is facing tremendous challenge from climate change. Furthermore, 
Climate change and agriculture possess an inverse relationship where climate 
impacts hamper agri-production. Among other sectors, agriculture is facing deadli-
est experiences from climate change related natural disasters, as agriculture is the 
main livelihood option for the coastal people of Bangladesh. Hence, agricultural 
adaptation approach is one of the key aspects that are helpful to reduce agricultural 
crop vulnerability in the coastal zone of Bangladesh. In this connection, considering 
local level experiences, the main objective of this chapter is to fi nd out suitable and 
viable adaptation measures that have the potential to help farmers to adapt climate 
change. These adaptation practices include identifi cation of suitable cropping pat-
tern, choice of seed, irrigation water management, crop intensifi cation suitable 
transplanting and so on. Therefore, the fi rst part of this chapter illustrates the chang-
ing pattern of climatic parameters mainly temperature and rainfall in the whole 
country alone with coastal zone sea level rise and cyclone; and the impacts of cli-
matic variability on crop production in the southwestern areas. Then the focus shifts 
on brief profi le of the coastal zone including geographical location and geophysical 
environment. The last part of this chapter provides recommendation on possible 
adaptation techniques that have the potential to help farmers to adapt climate change 
and reduce yield loss in achieving food security.  
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12.1         Introduction 

    Bangladesh is one of the most vulnerable countries to climate change because of 
geographic exposure, low income and greater reliance on climate sensitive sectors, 
particularly agriculture. However, agriculture is the most important livelihood 
option for the coastal people of Bangladesh (   GoB and UNDP  2009 ). It has a key 
role to play in tackling the challenges of the growing population, poverty allevia-
tion, maintaining food security and adapting to climate change (BCCAAP  2010 ; 
BPRSP  2005 ). It has been identifi ed as being of prime importance for achieving 
development goals in coastal areas (BPRSP  2005 ). About 40 million people of the 
coastal areas of Bangladesh depend on agriculture (BBS  2011 ). 

 From the 1980s to the present, shrimp cultivation has created a substantial eco-
nomic and social transformation in those coastal areas where it has been taken up 
(DoF  2010 ; Hamid and Alauddin  1998 ). Furthermore, in recent years, shrimp has 
become a signifi cant foreign exchange earner for Bangladesh (DoF  2010 ; Mahmood 
 2006 ). However, shrimp farming is a subject of criticism since it can damage the 
local ecology by increasing the salinity of the water and soil, change the composi-
tion of the soil and bring about rapid changes in land use and land cover (Deb  1998 ; 
Hagler  1997 ; Haque  2004 ;    Islam  1999 ; Karim and Stellwagen  1998 ). There are also 
claims that it has led to disintegration of economic and social conditions of coastal 
rural communities (Ali  2004 ,  2006 ; Islam and Koudstaal  2003 ; Mahmood  2006 ). 

 Because of environmental and social impacts associated with shrimp cultivation, 
farmers of some parts of the coastal areas are incorporating vegetables and domestic 
animals into existing farming practices, integrating shrimp or prawn and fi sh with 
rice and vegetables. As a whole the people of the coastal areas are trying different 
agricultural practices to cope with the changing environment (Mahmood  2006 ). 
This transformation of agriculture has many positive effects and has reduced some 
risks in farming. However, there is a growing concern on how this transforming 
agriculture is coping with the existing physical and social economic environment, 
how it is supporting people of the area and how benefi cial it is in comparison with 
shrimp cultivation or traditional agricultural practices. 

 Climate change and agriculture possess an inverse relationship where climate 
impacts hamper agri-production. However, unsustainable agriculture contributes to 
greenhouse gas emissions. Rainfall and temperature are two climatic variables that 
shape the structure of socio-ecological system. Any alternation of rainfall and tem-
perature cycle, as a result of climate change, eventually hampers agriculture produc-
tion. Changes in soil moisture and temperature, evapo-transpiration, rainfall and 
possible increases in heat stress will affect the growth of some subsistence root 
crops and vegetables. Being a climate sensitive sector, agriculture in Bangladesh is 
totally dependent on seasonal weather variability. 

 Considering experiences on local level, the main purpose of this chapter is to fi nd 
out suitable adaptation measures that have the potential to help farmers to adapt 
climate change. These include identifi cation of suitable cropping pattern, choice of 
seed, irrigation water management, crop intensifi cation and suitable transplanting. 
The fi rst section of this chapter illustrates the changing pattern of climatic 
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parameters mainly temperature (monthly and yearly average maximum and 
minimum temperature) and rainfall in the whole country alone with coastal zone 
sea level rise and cyclone; and the impacts of climatic variability (changing tem-
perature and rainfall pattern) on crop production in the southwestern areas. The 
second portion focuses on brief profi le of the coastal area including geographical 
location and geophysical environment. The last section of this chapter provides pre-
scription on possible adaptation techniques that have the potential to help farmers to 
adapt climate change and reduce yield loss in achieving food security and fi nally 
conclusions and recommendation.  

12.2     Climate Change Scenarios and Impacts 
on Crop Agriculture 

 This part depicts the climate change scenarios considering temperature, precipitation, 
sea level rise and coastal cyclone and its impact on crop agriculture, which enhances 
food security vulnerability and millions of hunger mouth in the coastal zone. 

12.2.1     Climate Change Scenarios 

 Climate change scenarios are briefl y illustrates in the following sub heading. 

12.2.1.1     Scenario for Temperature and Precipitation 

 Temperature as well as precipitation plays vital role in the process of climate change. 
In early 1990s General Circulation Models (GCM) were extensively used for gen-
erating climate change scenarios for Bangladesh. The BUP-CEARS-CRU ( 1994 ) 
study reported a 0.5–2.0 °C rise in temperature by the year 2030. The same model-
ing effort estimated a 10–15 % rise in average monsoon rainfall by the year 2030. 
Using four GCMs (CSIRO9, CCC, GFDLH, and UKMOH), ADB ( 1994 ) conducted 
a study and reported that, the temperature would rise by 0.3 °C for 2010 with a cor-
responding rise of 1.5 °C for 2070. 

 All these four models provided different results for developing monsoon rainfall 
scenarios. The high-estimating GFDL model (GFDLH) projected 59 % higher rain-
fall for South Asian monsoon with a corresponding withdrawal of dry season rain-
fall by 16 %. The CCC model, however, projected an increase of monsoon rainfall 
by 20 % and withdrawal of dry season rainfall by 6 %. Both considered a doubling 
of CO 2  concentration in the atmosphere (therefore, time independent). A time- 
dependent modelling provided a medium scenario for South Asian rainfall: the 
monsoon rainfall was projected to increase up to 5 % by 2010 and between 5 % and 
30 % by the year 2070, while the dry season rainfall was projected to vary between 
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−10 % and +10 % by the year 2070. For the time dependent medium-scenarios, it 
was assumed that the concentration of CO 2  would be 400 and 640 ppmv by the years 
2010 and 2070, respectively (ADB  1994 ). 

 Model-driven climate change scenarios were generated under the “Climate 
Change Country Studies Programme” using the Canadian Climate Centre Model 
(CCCM), the Geophysical Fluid Dynamics Laboratory equilibrium model (GFDL), 
and the 1 % transient model of GFDL (i.e., GF01) (   Ahmed et al.  1998 ; Asaduzzaman 
et al.  1997 ; Huq et al.  1998 ). The outputs of the three GCMs for the 1990 base year 
were validated against a long-term “climate normal”, as provided in the published 
report. Applying the same methodology, Ahmed et al. ( 1998 ) reproduced climate 
change scenarios, which were largely used for a number of subsequent national 
assessments. Table  12.1  summarizes the results of such scenario development 
exercises.

   Instead of developing one or more scenarios the National Adaptation Programme 
for Action (NAPA) for Bangladesh has developed a climate change scenario for the 
country. The NAPA Core Team (GOB  2005 ) adopted the results obtained by 
Agrawala et al. ( 2003 ) for changes in temperature. Regarding changes in precipita-
tion it modifi ed the results of Agrawala et al. ( 2003 ) based on the judgment of the 
NAPA Core Team and not on the refl ection of any GCM modelling exercise. The 
scenario provided by the NAPA document is given in Table  12.2  for comparison. 
The NAPA document has also provided a sea-level rise scenario for Bangladesh. 
Apparently, the upper values of the IPCC SLR scenarios (WGI, TAR: IPCC  2001 ) 
were adopted for developing the scenarios for 2050 and 2100, while the curve was 
extrapolated for developing the 2030 SLR scenario.

12.2.1.2        Scenario for Sea Level Rise 

 For sea level rise, the scenarios have so far been largely speculative, not based on 
any modelling. For sea level rise, a range of 30–150 cm was assumed by Mahtab 
( 1989 ) for the year 2050. However, a median value was considered by taking the 
mean of the two limits and adding 10 cm for local subsidence, which provided for a 
100 cm “net sea level rise” by the year 2050. 

 In the absence of a Bangladesh-specifi c sea level rise scenario, the IPCC sce-
narios for sea level change were taken as a basis for developing net sea level change 
along the coastal zone of Bangladesh, Halcrow et al. (2001) as cited in CCC ( 2009 ). 
   Considered a linear rise in sea level by 1 mm/year, which resulted in a 30 and 50 cm 
rise in sea level by the year 2030 and 2050, respectively. The NAPA document has 
provided a sea-level rise scenario for Bangladesh. However, no explanation has 
been provided in support of the data. Apparently, the upper values of the IPCC SLR 
Scenario (WGI, TAR: IPCC  2001 ) was adopted for developing the scenarios for 
2050 and 2100, while the curve was extrapolated for developing the 2030 SLR 
scenario. 

 The low-lying topography of the coastal landforms in Bangladesh suggests that a 
change in sea-level can have catastrophic impacts and increase vulnerability signifi cantly. 
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The GBM delta is morphologically highly dynamic and the coastal lands are 
simultaneously subject to accretion and tectonic subsidence (Huq et al.  1996 ; 
Allison et al. 2003 cited in CCC  2009 ). Compaction of sediment may also play a 
role in defi ning net change in sea level along the coastal zone due to the fact that the 
landform is constituted by sediment decomposition. Lacking more specifi c informa-
tion, if one assumes that sediment loading cancels out the effects of compaction and 
subsidence, the net sea-level rise can be assumed to be close to the global average 
as projected by the IPCC. 

 The latest IPCC scenario (IPCC  2001 ) provides a globally averaged sea level 
change scenario that projects a rise of 9–88 cm by the year 2100. Considering a 
non- linear rate of change owing to the gradual accumulation of greenhouse gases in 
the atmosphere, the range of sea level rise will be 2–20 cm in 2025 and 4–39 cm in 
2050. The “net sea level rise” will be 4.5–23 cm in 2025 and 6.5–44 cm in 2050. 
Since the projected adverse impacts will be much higher for the latter case, the 
lower values for sea level rise may be ignored.  

12.2.1.3     Scenario for Cyclone Along the Coastal Zone of Bangladesh 

 Very little is found in the literature on future plausible changes in cyclone intensity 
along the coastal zones of Bangladesh. The BCAS-RA-Approtech ( 1994 ) study 
considered a net increase in 10 % intensity in cyclone activities, which was based 
on expert judgment. Ali (1999) as cited in CCC ( 2009 ) commented that an increase 
in 2 °C is SST would likely cause a signifi cant increase in the probability of forma-
tion of cyclones from a mere depression. The IPCC Third Assessment noted that 
currently available models could not do a good job towards resolving the infl uence 
of climate change on cyclones (IPCC  2001 ). However, based on emerging insights 
from a few climate model experiments as well as the empirical records, the TAR of 
IPCC concluded that “… there is some evidence that regional frequencies of tropi-
cal cyclones may change but none that their locations will change. There is also 
evidence that the peak intensity may increase by 5% and 10% and precipitation 
rates may increase by 20% to 30%” (IPCC  2001 ).   

   Table 12.2    Scenarios provided in NAPA document   

 Year 

 Temperature change (°C) mean  Rainfall change (%) mean 

 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 

   Note : Despite the claim, the values in the shaded cells are not directly adopted from Agrawala et al. 
( 2003 ). No explanation has been provided in relation to the deviations from the model-resolved 
ensemble data. Standard deviations were not shown.  Source : Adopted from the Bangladesh NAPA 
Document, GOB ( 2005 )  

Md.A. Abedin and R. Shaw



213

12.2.2     Impacts on Crop Agriculture 

 Agriculture is one of the most vulnerable systems to be affected by climate change 
in the south Asian region. The climate in Bangladesh is changing. It is becoming 
more unpredictable every year and its variability is being experienced more fre-
quently than ever before. Hazards like fl oods, droughts, cyclones and others are 
likely to be aggravated by climate change. Salinity intrusion would be a more acute 
problem in the coastal region. This will have extra bearing on the agriculture and the 
potable water in that region. The salinity conditions in the coastal area of Bangladesh 
could further exacerbate due to reduced dry-season freshwater supply from upstream 
sources resulting from climate change (IPCC  1998 ) and saline water intrusion due 
to sea level rise. 

 It is believed that climate change would increase the disparities in cereal produc-
tion between developed and developing countries. Farm-level adaptation would be 
inadequate in reducing the disparities. It is also reported that even an extensive 
farm-level adaptation in the agricultural sector would not entirely prevent such 
 negative effects. In general, the tropical and subtropical countries would be more 
vulnerable to the potential impacts of global warming through effects on crops, 
soils, insects, weeds and diseases. Impacts of climate change would cause enhanced 
vulnerability to the crop production systems in Bangladesh. 

 As there is a strong possibility that winter precipitation will decrease, it is likely 
that moisture content of topsoil would decrease substantially. Due to temperature 
rise, the high rate of evapotranspiration will result in an acute drought condition in 
winter months. Consequently, a late Kharif II drought in December would adversely 
affect Aman crop at the ripening stage, while an early rabi drought would more 
severely affect wheat and boro crops at both germination and vegetative growth 
stages (Karim et al.  1998 ). Furthermore, increasing moisture stress in early Kharif I 
would signifi cantly affect Aus production. 

 Together with the possible reduction in Aman rice area (as a result of greater 
spread of fl ood waters, and longer duration of fl ooding) and a reduction in boro rice 
area (which will be limited by available surface and ground water for irrigation), the 
total area suitable for rice production may in the future stagnate or possibly decrease 
(WB  2000 ). CEGIS ( 2006 ) has shown that due to sea level rise along the southwest-
ern region of Bangladesh Aman suitable areas would decrease signifi cantly. 

 In the winter months the coastal croplands suffer due to salinity related prob-
lems. In the absence of appreciable rainfall the soil in the coastal areas starts to 
desiccate, and because of capillary actions salt comes up at the surface of the soil 
and accumulates at the root zones. Salinity problem is often intensifi ed when high 
spring tides inundate low-lying coastal areas, especially when they are associated 
with cyclonic storm surges. Many of the crop varieties, especially those of food 
grain varieties, are not salinity tolerant. As a result, a large area in the coastal dis-
tricts is virtually unsuitable for a number of crops, while the production of a few 
other crops is lesser under saline conditions. Since salinity intrusion restricts culti-
vation of boro and wheat, the potential impact cannot be ascertained. However, the 
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varieties that are grown with the given conditions, about 0.13 Mt of food grain is 
lost annually due to adverse impact of soil salinity. It is reported that the effect of 
soil salinity on Aus production would be detrimental, and Aman season rice crop, 
when grown under severe climate change scenarios, could also suffer over twofold 
yield reductions (Habibullah et al.  1998 ). 

 Flood affects agricultural production considerably. The 1988 fl ood caused reduc-
tion of agricultural production by 45 % (   Karim et al.  1998 ). Higher discharge and 
low drainage capacity, in combination with increased backwater effects, would 
increase the frequency of such devastating fl oods under climate change scenarios. 
Prolonged fl oods would tend to delay Aman plantation, resulting in signifi cant loss 
of potential Aman production, as observed during the fl oods of 1998. Considering 
all the direct and induced adverse effects of climate change on agriculture, one may 
conclude that crop agriculture would be even more vulnerable in Bangladesh in a 
warmer world (WB  2000 ).   

12.3     Brief Profi le of the Coastal Areas 

 This section focuses on location, extent, topography, and administrative unit of the 
coastal area as well as geophysical environment too. 

12.3.1     Overall Geography, and Location 

 The coastal zone of Bangladesh covers 47,201 (32 %) km 2  land area of the total 
geographical area of the country (Shamsuddoha and Chowdhury  2007 ; MoWR 
 2005 ). The entire zone is low lying with 62 % of land have an elevation of less than 
3 m and 86 % less than 5 m (Islam et al.  2006 ). Depending on elevation and other 
factors, the defi ned coastal area can reach from 37 to 195 km from the shore (MoWR 
 2005 ). The whole coast runs along the northern border of the Bay of Bengal, form-
ing a 710 km long coastline (MoWR  2005 ). 

 Physiographically most of the coastal zone consists of extensive fl at coastal and 
deltaic land of the Ganges–Brahmaputra Delta, which is crossed by large tidal rivers 
discharging into the Bay of Bengal (Rashid and Kabir  1998 ). In general, much of 
the western part of the coastal zone is a moribund or mature delta; the middle part 
is an active delta; and the eastern part is a stable landmass (Ahmad  2003 ). Continuous 
accretion and deposition are taking place in active delta of the coastal regions due to 
strong river and tidal currents (Chowdhury and Hossain  2006 ). 

 The coastal region covers 19 administrative districts encompassing 153 upazilas 
(sub-districts, formerly called thanas) and the Exclusive Economic Zone (MoWR 
 2005 ). Out of these 19 districts, 12 meet the sea or lower estuary directly (MoWR 
 2005 ). Among the upazilas, 51 from 12 districts face the coast or lower estuary 
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and these areas are known as exposed coast (Islam et al.  2006 ; PDO-ICZMP  2003 ). 
The remaining 102 upazilas that are further inland from the exposed coast are within 
what is termed the interior coast (MoWR  2005 ). The upazilas in the exposed coast 
have already met or crossed the threshold limit tidal movement, salinity, cyclone 
risk—and the upazilas in interior coast have met or exceed any two or one of the 
three parameters (PDO-ICZMP  2003 ). In the coastal zone, 62 % of land has an 
elevation of 3 m or less and 86 % is less than 5 m above sea level (Islam et al.  2006 ). 
Since the 1960s, the southeast coast of Bangladesh is protected by implementing 
cross dams (William and Gravgaard  2010 ). The coastal people pursue their liveli-
hoods in a unique environment with a combination of natural disasters and man- 
made changes (WRPO  2006 ). 

 The National Strategy for Accelerated Poverty Reduction (BPRSP  2005 ) acknowl-
edges the Coastal Zone as a special focus area that is distinct in many respects and 
requiring of special attention acknowledging the fact that “there is considerable 
interface between the persistence of chronic poverty and unfavorable agricultural 
environments, (e.g. salinity-prone, fl ood-prone, river- erosion prone, drought-prone 
areas)”. Later on, the Government of Bangladesh formulated Coastal Zone Policy, 
2005 and Coastal Development Strategy, 2006 and adopted an Estuary Development 
Programme along with other initiatives to address coastal vulnerabilities. 

 According to 2011 Population Census, the coastal zone comprises 6.85 million 
households with a population of 35.1 million (BBS  2011 ). In the coastal zone the 
net cultivable area is 1.95 million ha indicating that the average landholding per 
household is half the already small national average. The net-cropped area of coastal 
zone in Bangladesh has been decreasing over the years due to various causes that 
are soil-related or associated with climate risk and socio-economic problems; the 
most common one is land inundation and salinity intrusion by tidal water. A com-
parative study of Bangladesh Soil Resource Development Institute (SRDI) shows 
that from 1973 to 2000 about 0.170 million ha (20.4 %) land of coastal areas is 
affected by salinity (SRDI  1997 ,  2001 ). 

 One of the main economic activities in the coastal zone is aquaculture (   Islam and 
Ahmad  2004 ). The signifi cance of shrimp farming has grown rapidly over the last 
30 years (Alam and Phillips  2004 ). Shrimp areas have expanded from 51,812 ha in 
1983 to 137,996 ha in 1994 and 218,649 ha in 2004 (DoF  1995 ,  2005 ). At present, 
Bangladesh supplies around 2.5 % of the global shrimp trade (DoF  2004 ).  

12.3.2     Geo-Physical Environment 

12.3.2.1     Drainage and Flooding 

 CEGIS has carried out a study to gather information on the geo-physical environ-
ment of the coastal area especially Satkhira District in 2006. The total area of 
Satkhira district is about 3,300 and about 1,800 km 2  is under protected area. 
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Hundreds of sluices/regulators have been constructed on the embankments primar-
ily for draining rainwater, and secondarily to prevent seawater from entering into 
the polder. The fl ooding and drainage situation for base condition was estimated 
based on the fl ood of year 2000. The fl ooding area of Satkhira district has been 
categorized in depth classes as: dry, 0–30 cm, 30–90 cm, 90–180 cm, 180–300 cm 
and >300 cm in keeping similarities with the widely practiced land classes: F0 (dry 
to 30 cm), F1, F2, F3 and F4. The fl ood status in base condition within the study 
area is shown in Table  12.3 .

12.3.2.2       Salinity 

 The soil and water salinity dynamics are shown in Fig.  12.1  Long-term data on 
Satkhira revealed that soil salinity in the crop fi elds ranged from 4.5 to 8.5 dS/m and 
fallow lands with that are relatively more saline ranged from 5.5 to 15.5 dS/m 
CCC ( 2009 ).

   Table 12.3    Flood situation in Satkhira district in 2000   

 Total area (km 2 )  Area fl ooded (km 2 ) 

 3,317.1  Dry  0–30 cm  30–90 cm  90–180 cm  180–300 cm  >300 cm 
 1,058.4  534.2  1,008.8  515.2  200.2  0.6 
 % of area fl ooded by depth in cm 
 Dry  0–30 cm  30–90 cm  90–180 cm  180–300 cm  >300 cm 
 31.9 %  16.1 %  30.4 %  15.5 %  6.0 %  0.0 % 

   Source : Climate Change Cell ( 2009 )  
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  Fig. 12.1    The soil and water salinity dynamics at Benarpota Farm, Satkhira, during 2001–2004. 
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12.3.2.3       Current Crops Practice 

 The major cropping pattern in Satkhira Upazila is Fallow–T. Aman–Fallow and 
Fallow–T. Aman–Boro. During the Kharif-1 season farmers cultivate jute, aus rice, 
oil seeds and different types of vegetables. During the Kharif-2 season T. Aman is 
the dominant crop. Different types of T. Aman rice such as BR10, BR11, BR30 and 
local varieties are practiced during this season. In the rabi season, boro rice such as 
IRRI28, IRRI44, IRRI26, and IRRI29 are practiced. Other crops that are practiced 
are mustard, wheat, pulses and different types of vegetables.  

12.3.2.4    Salt Tolerance Levels of Selected Crops 

 Table  12.4  shows the salt tolerant levels for BRRI dhan47, BRRI dhan40 and BRRI 
dhan41 at seedling stage and maturity stage. The salt tolerant levels of other rice 
varieties and non rice varieties experimented in this study are not reported.

12.4          Agriculture Adaptation Practices 

 After describing geographical information as well as geophysical environment, this 
section offers some theoretical and practice oriented adaptation approaches that are 
helpful to reduce agricultural crop vulnerability in the coastal zone of Bangladesh 
as well as the whole country. 

 Climate variability makes crop agriculture in Bangladesh highly vulnerable. It is 
inferred in the available literature that crop production would be extremely vulner-
able under climate change scenarios, and as a result, food security of the country 
will be at risk (Mahtab  1989 ; BCAS-RA-Approtech  1994 ; ADB  1994 ;    Warrick and 
Ahmad   1996 ; Huq et al.  1996 ; Karim et al.  1998 ). Although the agricultural vulner-
ability will be very high and adaptation needs are paramount, very little efforts have 
so far been made to understand the potential of agricultural adaptation in Bangladesh. 
Ahmed ( 2000 ) made an early attempt to analyse the adaptation potential of the 
country's crop agriculture in a warmer world.

   Table 12.4    Salinity tolerance levels of rice crops   

 SL no.  Variety  Season 

 Salinity (in dS/m) 

 Seedling stage  Maturity 

 1  BRRI dhan47  Boro  12–14  8 
 2  BRRI dhan40  T. Aman  8  8 
 3  BRRI dhan41  T. Aman  8  8 
 4  Other varieties  Have no reported salt tolerance level 

    Source : Climate Change Cell ( 2009 )  
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    1.    Typical adaptation 
  Bear Crop Losses:  When potential loss of a standing crop is totally accepted by 
the growers, bearing crop losses is an adaptation option. It is however criticized 
that the option is rather theoretical, with limited applicability in Bangladesh 
(Ahmed  2000 ). 

  Share Losses:  The anticipated crop losses may be shared among stakeholders. 
Provision of government subsidies and remission of taxes for the farmers operat-
ing in susceptible croplands could be other possible options where some of the 
losses might be shared among different stakeholders. Compensating farmers for 
trying out agricultural activities under high threats of crop loss can be a potential 
mechanism for sharing loss. Provision of insurance against crop loss has worked 
well in advanced economies. 

  Prevent Adverse Effects:  Some measures might consider preventing the losses in 
agricultural production. Preventive measures are anticipatory and might require 
large-scale investments. The building of large embankments to protect prime 
agricultural lands from excessive fl ooding may be cited as an example of preven-
tive measure.   

   2.    Strategic adaptation 
 Climate change offers an additional challenge for policy makers and planners in 
Bangladesh. Business as usual is no longer good enough and new concepts are 
required in the management of natural resources and the socio-economic systems. 

 Key adaptations in agriculture would aim at changing agriculture practices to 
improving water effi ciency and crop diversifi cation. This is not only in areas that 
affected that are affected by climate change through salinity intrusion but also in the 
whole country. The development and introduction of new varieties and correspond-
ing dissemination measures are important and need to be facilitated by international 
research. Given the fact that, experience with the new crops and agricultural prac-
tices has to be built up and shared on the farm level, and requires investment agri-
cultural sector may not be as fl exible to climate change as is widely believed.   

   3.    Change in crop production strategy 
 Based on the nature of soil, location and climate, crop varieties and cultivation 
methods are to be selected. Presently, there is no such crop that can withstand 
salinity in the range of 6–12 dS/m in the country. But improved managements 
can help overcome this drawback to some extent. Bangladesh Agricultural 
Research Institute has found that using raised beds, mulches and drip irrigation, 
it is possible to grow high value horticultural crops like, tomato, chilli, water-
melon and cucumber in saline soils of 4.5–11.0 dS/m (Islam et al.  2006 ). 
Development of new technology such as crop varieties tolerant to heat and 
medium to high soil salinity is time demanding. Research is underway to fi nd 
crop varieties of such characteristics. Until new varieties come up, adequate 
emphasis is to be given on the crop production management systems. From now 
on, demonstrations to be done in farmers fi eld with what appropriate technolo-
gies are available so that the farmers get acquainted with these technologies and 
learn to adopt new technologies. Likewise, more emphasis to be given to variety 
development and to environment friendly pest and disease controls.   
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   4.    Introduction of Boro rice and shrimp (Lobster) cultivation 
 In slightly saline and moderately saline areas, cultivation of Boro rice and sweet 
water shrimp will help reclaim sail salinity. In Khulna-Bagerhat region it is called 
“Lockpur model”. IT is one kind of fi sh cultivation where both crops and fi shes 
are cultivated alternatively at the same time. A dyke/ail/bund is to be built along 
the boundary of the plot by digging ditch inside the dyke. The length, breadth and 
height of the dyke will depend upon the fl ooding depth in the monsoon season. 
The ditch will be used as water reservoir for fi sh culture and small scale irrigation. 
For Boro rice cultivation good quality of groundwater may be used. By adopting 
this type of land use soluble salts can be leached out easily in a short time.   

   5.    Change land use: 
 In case it becomes extremely risky to continue agricultural activities under an altered 
climate scenario, an alternative land use might be considered as the next available 
option. If the suitability of Aus paddy in pre-Kharif months (March–June) appears 
to be too low, farmers should alter the land use and instead grow other suitable crops. 
Such alterations should ideally lead to acceptable economic returns, optimizing 
social goods and services. The application of an indigenous practice through capac-
ity building and extension has allowed farmers of Jessore District to profi tably 
change their land use and maintain livelihoods (Ahmed and Schaerer  2004 ).   

   6.    Floating gardens (Baira) 
 In seasonally fl ooded areas, local people from the south-west of Bangladesh 
have developed ingenious fl oating rafts with a bamboo base, upon which water 
hyacinth is piled and then covered by other aquatic plants or coconut husk to 
form a seed bed ready for planting. These fl oating gardens (baira) which are 
cultivated in the rainy season and fl oat above monsoon fl oods are now becoming 
popular in many other areas in the south of Bangladesh. Figure  12.2  shows the 
practical application of fl oating water garden in coastal region of Bangladesh.

       7.    Farm machinery operations 
 After harvesting of transplanted aman rice the turnaround time left for growing 
rabi crops is very short. With the desiccation of the soil deep and wide cracks 
develop and the surface soil becomes very hard and makes tillage operations dif-
fi cult with traditional plough. Rapid and deep tillage reduces soil salinity by 
breaking the capillary continuity for upward movement of saline groundwater. 
Therefore, light mechanized tillage implements such as power tillers should be 
used to increase the speed and depth of tillage operation. With the climate 
change, the traditional fi eld operations in agriculture must be substituted by farm 
machines to expedite operations smoothly. At the end of aman seasons, lands 
will go dry at s faster rate with the rise of temperature leaving a very small period 
of time for land preparation of the next crop by traditional equipment like local 
plows. Using tractors or power tillers this problem could be avoided and land can 
be prepared swiftly and timely for the next crop. Likewise, reapers help quick 
harvest of crops to save them from changed bad weathers and also the labor 
costs. Other farm machineries like seeder, reaper, weeder, thresher, winnower, 
drier etc. could be used for economic and timely agricultural operations 
(   Roy et al.  2006 ). Deep tillage enhances rapid drifting of moisture from the soil 
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to make it dry quickly requiring supply of water for seed germination and for 
seedlings. Minimum or zero tillage practices can be of very useful operation 
after transplanted aman harvest in areas of high water scarcity. Appropriate seed-
ers/transplanters can be used for the operation. 

 Furthermore, a number of interesting adaptation measures have been pro-
moted and subsequently applied in the southwestern region of Bangladesh under 
a project titled Reducing Vulnerability to Climate Change (RVCC). The project 
was implemented in six southwestern Districts of Bangladesh from 2002 to 
2005, and it applied a few agricultural adaptation measures in a bid to reduce 
vulnerability of communities to climate change by increasing people’s coping 
capacity (   RVCC  2003 ; Schaerer and Ahmed  2004 ). The agricultural adaptations 
are worth special mention, due primarily to their simplicity and overall social 
acceptance. Table  12.5  highlights the agricultural adaptation measures consid-
ered under the project.

   Whatever adaptation strategy is adopted, however, it should start with and be 
led by the local community wherever possible for it is local village people who 
are often the real experts on climate change. Rather than implementing highly 
technical, expensive and outsider-led interventions that are often untried in fi eld 
conditions, priority should be given to using and modifi ed traditional coping 
mechanisms developed in the communities in Bangladesh and around the world.    

  Fig. 12.2    Floating vegetable garden (Baira).  Source :    James Pander ( 2007 )       
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12.5       Conclusion and Recommendations 

 Bangladesh is an agro-based country. Agriculture contributes 22.7 % to GDP (   BBS 
 2005 ). With the sea level rise, a vast land in the southern coastal belt will go under 
water and salinity will grasp new land areas. This will reduce the existing crop area 
severely, thereby hampering agricultural productions. Obviously, the densely popu-
lated country may face acute food shortage to feed her people. Cultivation of rice, a 
stable food, has suffered most, while the production of wheat, pulses, rape seed and 
coconut has also been affected by climate change. 

 According to the IPCC, southern part of Bangladesh is slated to lose the largest 
amount of cultivated land globally due to rising sea level. A 1 m rise in sea levels 
would inundate 20 % of country’s landmass. Prolonged inundation, increased 
drought, salinity and loss of land due to erosion are the enhanced risks that agricul-
ture is facing due to climate change. Increased drought and salinization in the dry 

   Table 12.5    Strategic approaches considered for agricultural adaptation for the RVCC project   

 Strategy  Measure  Brief description of measure 

 Household level strategies in agriculture (crop, fi shery, agro-forestry, and livestock) 
 Increase food 

through 
agriculture 

 Drought tolerant 
crops/vegetables 

 Introduction of drought tolerant crops such as 
groundnuts, watermelon, etc. 

 Floating gardens  Cultivation of vegetables on fl oating beds of 
water hyacinth (hydroponics) 

 Low-cost irrigation  Demonstration of treadle pump and other simple 
technologies for irrigation 

 Homestead gardening  Cultivation of vegetables and fruits on home-
stead plots for consumption and market 

 Saline tolerant 
non-rice crops 

 Introduction of saline tolerant varieties of chili, 
mustard, maize and potato 

 Increase income 
through 
alternative 
livelihoods 

 Embankment cropping  Cultivation of beans, gourds, okra and other 
vegetables on embankments surrounding 
prawn ghers (ponds) 

 Integrated farming 
systems 

 Using small area of land, small water body, and 
surrounding embankments to produce rice, 
fi sh and vegetables 

 Cage aquaculture  Small-scale fi sh farming in cages, implemented 
in household ponds or common water bodies 

 Nursery and home-
stead afforestation 

 Establishment of community nurseries and 
distribution (with handling instructions) of 
indigenous varieties of tree saplings (mango, 
coconut, sofeda, korai, guava, mehaguni, 
neem, kewra, etc.) to benefi ciaries for 
homestead planting 

 Saline tolerant tree 
plantation 

 Planting of saline tolerant fruit and timber trees 
for longer term income generation 

 Mele (reed) cultivation  Cultivation of reeds used to produce mats that 
are widely used for sitting and to sleep on 

   Source : Modifi ed from Schaerer and Ahmed ( 2004 )  

12 Agriculture Adaptation in Coastal Zone of Bangladesh



222

season and prolonged inundation in the wet season will change the areas suitable for 
growing crops. Since agriculture is the mainstay for the economy, Bangladesh is 
very sensitive to impacts of climate change on the agricultural sector of coastal zone 
of Bangladesh. 

 Agricultural development in the saline coastal belt of Bangladesh is constrained 
by various physical, chemical and social factors. Water and soil salinity are among 
the most dominant limiting factors in the region, especially during the dry season. 
Soil salinity affects many crops including rice, the most important, at different lev-
els and at critical stages of growth. As a consequence, yields can be reduced and in 
severe cases total yield is lost. The presence of salinity in surface and ground water 
in different areas near the coast is another factor affecting crop production. In spite 
of these diffi culties, in some places it has shown that an integrated agricultural man-
agement system involving multiple crops as well as aquaculture is doing well in the 
coastal areas. This study shows that the integrated systems are productive and effi -
cient and, in general, the level of sustainability in these areas is the highest of all 
systems that were studied. 

 The fi ndings of this study will be transmitted to local authorities in Bangladesh 
with the hope that they will enable agricultural policy making departments to plan 
management actions for sustainable agricultural development in the coastal regions. 

 Some of the recommendations are as follows:

    1.    It is recommended that an indicator-based analysis be one method by which the 
sustainability level of different agricultural systems be assessed. The informa-
tion thus gained can be used as one factor for determining coastal agricultural 
policy of Bangladesh.   

   2.    The coastal population of Bangladesh is dependent on agriculture for income 
and employment. Therefore, government should emphasize introducing agricul-
tural practices that ensure productivity and employment.   

   3.    Comprehensive investigation is needed to understand the present agricultural 
practices and to bring diversifi cation in the agricultural system for reducing 
yield gaps.   

   4.    There is a need to design and enforce a policy and institutional framework for 
natural resources management and conservation to support agricultural growth 
in the coastal areas of Bangladesh.   

   5.    Improving physical and social infrastructure—roads, electricity, communica-
tion, water and sanitation, health and education—in rural areas is fundamental 
for sustainable development in agriculture.   

   6.    Proper operation of embankments should be ensured for protecting agriculture 
from saline water and storm surges.   

   7.    Rainwater should be stored in the saline-affected water areas to minimize the 
salinity effect of the surface water during the dry season.   

   8.    Introduction of integrated agricultural system by storing rainwater in saline 
affected areas may be a news strategy to cope with emerging adverse situations.   

   9.    Government should formulate a project to promote the feasibility of integrated 
agricultural system in the salinity-affected areas of Bangladesh to ensure the 
sustainability of coastal agriculture.         
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    Abstract     Droughts are very frequent in Bangladesh due to its geo-physical position 
and varying rainfall pattern. Drought is considered as devastating and causing 
substantial damage and loss to agriculture and allied sectors. Particularly the 
northwestern livelihood experiences its noteworthy impact on their daily because of 
the consequence of drought impacts. More specifi cally, agriculture, health and 
social life are badly affected by drought. Despite drought vulnerabilities, a large 
number of actors have been involved in developing and implementing adaptation 
strategies to reduce the vulnerabilities. However, to adapt with drought, livelihoods 
in this region have been developing and using various practices mainly through 
agronomic management, crop intensifi cation, water resource exploitation, etc. 
Although, livelihood based adaptation is person centric solution based on both 
local-knowledge with scientifi c facilitation and it is dual-way process that builds on 
the adaptive capacity through a systematic process. Moreover, livelihood adaptations 
actions may not suffi cient enough for reducing drought risk that caused by climatic 
variability and climate change considerably. It requires greater institutional capacity 
at all levels of government and more effi cient coordination between different levels 
of government. With this regards, this chapter serves as a basis for understanding 
drought impacts and to scale up viable adaptation options in the drought-prone 
areas of Northwest Bangladesh. In conclusion, this chapter emphasizes on the 
development of successful drought adaptation actions that would be performed 
through national to local level and helps livelihoods to build resilience against 
drought in future.  
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13.1         Introduction 

 It is revealed that adverse effects of climate stimuli including variability and extreme 
events in the overall development of Bangladesh would be signifi cant and highly 
related to the changes in water sector. The National Adaptation Programme of 
Action (NAPA) ( 2005 ) highlights that water related impacts of climate change to be 
amongst the most critical for Bangladesh, particularly in relation to riverine and 
coastal fl ooding, but also in relation to increase winter droughts in some areas 
(MoEF  2005 ) The whole area of Bangladesh is more or less prone to adverse 
impacts of climate change. But in terms of drought, the North and North-western 
areas are particularly sensitive due to geo-climatic and human induced conditions. 
Droughts in this area are not only experienced through high rainfall variability 
accompanied with high temperature, but also groundwater depletion, lack of canal 
and river dragging, increased population, deforestation, etc. accelerate drought 
severity in this region (Habiba  2012 ). 

 Whatever happens to climate, it subsequently affects various other sectors. All 
these are important, because, these affect the lives and livelihood of the people. 
Hence, the impacts on livelihood depend on the nature and severity of the physical 
impacts relating to agriculture, water availability and quality, disaster-proneness, 
hospitability of the physical environment due to rising temperature and changing 
water regimes to pathogenic activity. However, it has been seen in drought affected 
areas that the livelihoods are extremely distressed by drought situation. More spe-
cifi cally, agriculture, health and social life are badly affected by drought (Habiba 
et al.  2012 ). To adapt with drought, livelihoods have been adapting various practices 
mainly through agronomic management, crop intensifi cation, water resource 
exploitation, etc. Likewise, Ahmed and Chowdhury in  2006  mentioned four major 
types of adaptive practices: (a) traditional responses (e.g. pond and  dighi  excava-
tion, retention of rainwater in  khari  and canals, shedding, tillage, breaking top soil), 
(b) state supported responses (e.g. DTW facilitated irrigation), (c) alternative 
responses (e.g. adoption of mango farming, orchard developing), and (d) some 
domestic responses (e.g. alternative livestock and poultry/birds rearing) are existing 
in this drought affected region. As livelihood strategies consist of a range and com-
bination of activities and choices that helps people to achieve their livelihood goals, 
therefore, several studies of livelihoods sources, at the household level, broadly 
classify livelihood strategies as agricultural intensifi cation, diversifi cation and 
migration (Valentine  1993 ; Adams and He  1995 ; Dercon and Krishnan  1996 ; 
Barrett et al.  2001 ; Galab et al.  2002 ; Adugna  2005 ; Berehanu  2007 ). 

 Despite recurrent drought events, the above mentioned livelihood adaptations 
actions may not suffi cient enough for reducing drought risk that caused by climatic 
variability and climate change considerably. Because, livelihood based adaptation is 
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person centric solution based on both local-knowledge with scientifi c facilitation 
and it is dual-way process that builds on the adaptive capacity through a systematic 
process. Adding together, livelihood adaptation may be defi ned as the continuous 
process of changes to livelihoods (assets and activities) which either enhance exist-
ing security and wealth or try to reduce vulnerability and poverty (Davies and 
Hossain  1997 ). 

 With this contrast, the main purpose of the book chapter is to disclose the overall 
situation of drought in northwestern region of Bangladesh, livelihood vulnerabili-
ties towards drought and how livelihoods in this region deal with insidious disaster 
by adopting various adaptation strategies. In conclusion, it recommends various 
adaptation options of livelihood which need to be institutionalized by various levels 
and tailored through national level to local level in a sustainable way.  

13.2     Physio-Geographic Environment and Framework 
Conditions 

13.2.1     Geographical Location 

 In Bangladesh, the Barind (upland of Northwestern part) has been experiencing 
drought conditions for the last two to three decades. According to Banglapedia 
( 2006 ), this area is designated as the most drought-prone areas (Fig.  13.1 ). 
Geographically, this area extends from 24°22′N to 24°73′N latitude and 88°20′E to 
88°36′E longitude mainly covering Barind Tract, Punarbhava fl oodplain and Ganges 
river fl ood plain area. This drought-prone region covers most part of the greater 
Dinajpur, Rangpur, Pabna, Rajshahi, Chapai Nawabganj, Bogra, Joypurhat and 
Naogaon district.

   After severely drought affected Northwestern region, Southwestern part of 
Bangladesh is also facing drought impacts. But, the severity of drought in this 
region is moderate. Among Southwestern region, mainly Jhenaidah, Jessore and 
Satkhira districts experiences drought during the dry season.  

13.2.2     Topography 

 The topography of drought affected region is mainly fl at with an average elevation 
of 25 m above the mean sea level. The surface geology in a major part of the area is 
composed of uplifted terraces of Pleistocene sediments called Barind Tracts 
(Fig.  13.2 ). These are more strongly weathered than the surrounding alluvium. In 
areas with alluvial, the Barind Tract sediments can be found at depths of the order 
of 150–200 m or more.

   Moreover, the western part of this area composed of fl ood plain soil which is 
depressed area and inundates from average year fl ooding due to spillage of riverbanks.  
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  Fig. 13.1    Drought-prone area in Bangladesh.  Source :    CEGIS ( 2012 )       
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13.2.3     Physiography 

 Physiographically this region is divided into three units. These are Recent Alluvial 
Fan, Barind Pleistocene, and Recent Floodplain. These morphologic units are sepa-
rated by long, narrow bands of recent alluvium. The fl oodplain of the Mahananda 
fl anks located at the west side while the Karatoya delineates the eastern margin. The 
Punarbhaba, Atrai and Old Jamuna with headwaters in the foothills of the Himalayas 
have cut across the Pleistocene and their fl oodplains separate the units. These and 
numerous other streams are responsible for the development of a broad Piedmont 
alluvial plain, which delineates the northern fl ank of the Tract. The Tista alluvial fan 
is located to the north of the area. This fan surface of the Himalayan foothills has a 
slope of approximately 0.43 m/km and it overlaps the Barind, which has essentially 
a fl at or somewhat domed surface. South of the Barind Tract are the Recent 
Floodplains, with a southerly slope of about 0.06 m/km.  

13.2.4     Lithology 

 In Northwestern region, spatial distributions and thickness of the upper silt and clay 
unit does not exist where very fi ne to fi ne sands generally occur at the surface 
(Shamsudduha et al.  2011 ). Moreover, shallow aquifers occur at relatively deeper 
(>15 m below ground level) depths in the Barind Tracts where the upper silt and 

  Fig. 13.2    Undulated land in Barind tract.  Source :    Barind Multipurpose Development Authority 
( 2010 )       
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clay unit is thick. Therefore, a number of bore log information is available in the 
Northwestern areas, which are mainly drilled by Bangladesh Water Development 
Board (BWDB), Bangladesh Agricultural Development Corporation (BADC) and 
Barind Multipurpose Development Authority (BMDA). The logs cover a depth 
ranges from 40 to 300 m in different location. Most of the bore logs identifi ed in the 
Porsha and Saphar upazila of Naogaon district shows that the properties of upper 
layer is of plastic clay up to 30 m and in the lower part it is consists of coarse to fi ne 
sand. Plastic clay is sedimentary in origin. Old rivers and streams washed kaolinite 
(formed from decomposed granite) from its parent rock. As the streams fl owed from 
upland areas the kaolinite mixed with other clay minerals, sands, gravels and vege-
tation before settling in low-lying basins to form overlaying seams of plastic clay. 
Brown clay with silt is observed in Gomastapur and Nachole upazila of Chapai 
Nawabganj district mainly in the upper layer and medium to coarse sand is found in 
the lower part. Topsoil of the area is mainly composed of clay material indicating 
low percolation rate as well as low moisture holding capacity. Recharge character-
istics is also poor in this area due to slow percolation rate from soils.  

13.2.5     Climatic Condition 

 According to Global Circulation Model (GCM) results predict an average tempera-
ture increase in Bangladesh due to climate change of 1.0 °C by 2030 and 1.4 °C by 
2050. Though monsoon precipitation is likely to increase by 6.8 % by 2050, the 
distribution patterns of precipitation during the growing season, high temperature 
and higher rates of evapotranspiration will create further water stress conditions and 
a decline in agricultural production in drought-prone areas. Adding together, the 
presence of Tropic of Cancer at the south, this drought-prone area in Northwestern 
region is summer dominated hemisphere. This region is generally warm and humid 
prevailing with very little rainfall and the weather remains hot by the daytime but 
becomes cooler by late night. Therefore, most of the droughts primarily occurred in 
pre-monsoon (March–May) and post-monsoon (October–November) seasons, but 
in some extreme cases the pre-monsoon droughts have extended in monsoon season 
due to delayed onset of the monsoon rains, e.g. 1979 drought (Choudhury et al. 
 2003 ). However, rainfall is comparatively little in this region with annual average 
rainfall varying between 1,400 and 1,900 mm (Shahid  2011 ). Almost 87 % of rainfalls 
occur during the monsoon season and 13 % of rainfalls occur during the dry season. 
Rainfall also varies widely from year to year and area to area. For instance, in 2000 
the total annual rainfall of this area was 1,690 mm whereas in 2009 it went down to 
793 mm. On the contrary, in 2006 the annual total rainfall of Bangladesh was 
2,178 mm whereas in drought prone areas it was 1,193 mm (Habiba et al.  2011 ) 
(Fig.  13.3 ). Therefore, it has been seen from Fig.  13.3  that the difference between 
the annual total rainfalls of drought affected region and the entire Bangladesh is 
around 1,000 mm.

U. Habiba et al.



233

   In terms of temperature, comparatively high temperature exists in this area. The 
mean temperature ranges from 25 °C to 35 °C in the hottest season and 9 °C to 
15 °C in the coolest season. The temperature too often exceeds 40 °C in this region 
(Hassan  2012 ). Even, in summer season, some of the hottest days experience a tem-
perature of about 45 °C or even more in Northwestern area, particularly in Lalpur 
upazila (sub-district) of Natore district (Banglapedia). In winter season, the tem-
perature goes down to 5 °C in some places in Dinajpur and Rangpur districts. 
Figure  13.4  shows average annual maximum and minimum temperatures of one of 
drought affected district that located at the Northwestern region of Bangladesh. 
From this fi gure, it has been seen that the average annual minimum and maximum 
temperature lies between 20 °C and 32 °C in this area, respectively. Therefore, this 
older alluvium region experiences extremes than the rest of the country.

  Fig. 13.3    Annual total rainfall of drought-prone areas from 1991 to 2010.  Source : Data collected 
from    Bangladesh Meteorological Department ( 2012 )       

  Fig. 13.4    Average annual maximum and minimum temperature in Rajshahi district.  Source : Data 
collected from    Bangladesh Meteorological Department ( 2011 )       
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13.2.6        Soil 

 The undulating uplands with red/yellow clay soils of Northwestern Bangladesh is 
known as Barind Tract which is considered as one of the low output zones in terms 
of agricultural production. This tract belongs to an old alluvial formation which is 
usually composed of massive argillaceous beds of pale reddish brown color that 
often turns yellowish on weathering. Lime nodules and pisolitic ferruginous concre-
tions occur throughout the soil. The soils are clay-clayey loam and loam. The top 
and sub soil is generally clay to loam and substratum is dominantly clay soil. Locally 
the soils are rich in lime. Soil p H  varies between 6.0 and 7.5. Soils are defi cient in 
nitrogen and phosphorus.  

13.2.7     Water Resources 

 The Northwestern region is bounded by the Jamuna (Brahmaputra) river to the east 
and the Ganges River to the south. Major rivers of North West Region are Teesta, 
Upper-Karatoya, Atrai, C. Jamuneswari, Karatoya and Bangali. Moreover, there are 
several minor rivers in this area. Besides this, ponds, beels, khari (khari is lengthy 
pond like structure to a length of 2–3 km with a width varying from 10 to 15 m) and 
canals (natural canals which have potentials for conserving water and providing 
water for irrigation and other purposes) are the larger water bodies, which is gener-
ally connected to the rivers during monsoon season. Most of the rivers of this region 
fl ow from very steep to fl at ground. Huge fl ow is available in the Brahmaputra and 
in the Ganges during monsoon compared to the dry season fl ow. But due to the 
consequence of climate change as well as drought, the water bodies in these areas 
are going dry, river beds are fi lled in with sand, and water fl ow in the river is decreas-
ing. Therefore, during dry season, the surface water is almost empty everywhere 
and groundwater is the main source of irrigation and other domestic uses.  

13.2.8     Groundwater Table 

 The aquifer system in the Northwestern region of Bangladesh comprises quaternary 
to recent sediments. The surface geology includes Holocene Piedmont Deposits in 
the Northwestern part of the region, Holocene instream Deposits and the Madhupur 
Clays of the Barind areas in the central and Southwestern part of the region. On a 
regional basis, following three aquifers have been identifi ed (UNDP-BWDB  1982 ).

•    An upper layer composed of silts and clays, which acts as semi-confi ning layer. 
The thickness of this layer is variable but does not exceed 10 m in the majority 
of the region. Although the thickness is locally in excess of 20 m in high Barind 
area and 50 m in the southern part of Dinajpur district. A gradual thickening of 
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the layer occurs towards the southern part of the region where maximum 
thickness ranges from 10 to 20 m.  

•   A composite aquifer, which is composed of very fi ne to fi ne sands and which 
overlies the main aquifer. Its thickness varies from only one meter in the north-
west to over 30 m in the Atrai basin. The composite aquifer is a major source for 
village water supply wells and for hand tube wells.  

•   Main aquifer, which is composed of medium to coarse sands and which has 
excellent water transmitting properties. The exploited thickness of the aquifer 
ranges from less than 10 m in parts of Bogra district to over 60 m in the Northwest. 
Aquifer conditions are found to be good in most parts of the Teesta, Brahmaputra–
Jamuna and Ganges river fl oodplains and on the Old Himalayan Piedmont plain. 
Potential aquifers are not found in high Barind area.    

 In most areas, the lower two aquifers are probably hydraulically interconnected. 
The main aquifer, in most of the area, is either semi-confi ned or leaky or consists of 
stratifi ed, interconnected, unconfi ned water-bearing zones which are subject to 
delayed drainage. Recharge to the aquifer is predominantly derived from deep 
percolation of rain and fl ood water. 

 In the Northwest region of Bangladesh, groundwater is being used mainly to 
meet the irrigation as well as domestic demands. A large number of deep and 
shallow tube wells have been installed in connection with different groundwater 
based irrigation project. Installation of deep tubewell in Barind area is another 
notable irrigation project by Barind Multipurpose Development Authority (BMDA) 
in this area. About 13,000 deep tube well are using in Barind area to fetch under-
ground water daily for irrigating boro crops. Besides these, private initiatives has 
also fl ourished and now playing a signifi cant role in irrigation development.  

13.2.9     Agriculture Land Use 

 Agricultural land use and cropping pattern in drought-prone region has tremen-
dously been changed over time due to the introduction of Barind Integrated Area 
Development Project (BIADP) in mid-1980s. Before that this area is known as 
mono cropped area. Farmers depended only on monsoon rainfall and used tradi-
tional irrigation equipments like seuti, done, sawing basket to irrigate the crop from 
surface water source. But, after the expansion of BIADP activity through the instal-
lation of DTW (Deep Tube Well), irrigation was started through groundwater to 
facilitate to grow boro crops and other winter vegetables in this region during the 
dry season. As a consequence of irrigation facilities along with large-scale adoption 
of modern rice varieties, this region shows almost doubled its food grain production 
during the last two decades (   Selvaraju and Stephan  2007 ). Figure  13.5  represents 
that boro cultivation area is gradually increased than the previous year compared to 
aus and aman rice of this area. It also helps farmers to adapt with this emerging 
adverse situation that occurred through drought during the dry season.
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13.3         Vulnerability of Livelihoods 

 As a consequence of drought impacts, the poor people and women, particularly the 
fi shermen, wage earners, and small and marginal farmers are extremely vulnerable 
because of lack of capacity and awareness. Thus it ultimately affects lives and liveli-
hoods of the people in the drought affected region. Although, it has been seen that 
livelihood in drought affected Northwestern region mostly depends on agriculture 
for their survival. Therefore, different degrees of vulnerabilities happen due to fre-
quency and severity of drought that affects crop production and makes livelihood 
distress in terms of social and economical point of view. In this section, how rural 
people’s life’s and daily livelihoods pattern are substantially affected by drought 
results would be discussed. 

13.3.1     In Terms of Agriculture 

 Climatic variability particularly the erratic temperature, shortage of rainfall, high 
evaporation rate and the overriding drought situation make the overall agriculture 
vulnerable. Agriculture, being a means of livelihood in drought prone Northwestern 
Bangladesh. Almost two third of the population depends on agriculture that contrib-
utes Bangladesh’s most important economic sector. The production of aus, boro 
rice, winter vegetables and fruits including several varieties of mangoes have been 
affected by increased variations in rainfall, dry spells, temperature and drought 
occurrence. Major droughts occurred in 1966, 1969, 1973, 1978, 1979, 1981, 1982, 
1989, 1992, 1994, 1995, 1998, 2000, 2006 and 2009 causing substantial reduction 
in food production and affecting rural livelihoods. Among them, the consecutive 

  Fig. 13.5    Expansion of boro cultivated area compare to aus and aman coverage in drought affected 
area from 1990 to 2010.  Source : Author       
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droughts of 1978 and 1979 directly affected 42 % of cultivated land and reduced 
rice production by an estimated 2 million tons (Brammer  1987 ). Past droughts have 
typically affected about 47 % of the country and 53 % of the population (WARPO 
 2005 ). Karim ( 1995 ) highlighted that a severe drought resulted in an immense loss 
of agricultural production and affected approximately 2,000 people and 50,000 
people in 1978–1979 and 1989, respectively. Furthermore, the 1997 drought caused 
a reduction of around 1 million tons of food grain, of which about 0.6 million tons 
were transplanted  aman.  Moreover, it is reported that every year 0.45 million ha of 
land is affected by very severe drought during rabi season while 0.40 and 
0.34 million ha of land are affected during pre-kharif and kharif seasons, respec-
tively [there are three cropping seasons in Bangladesh locally known as pre-kharif 
(16 March–30 June), kharif (1 July–15 October) and rabi (16 October–15 March)] 
(Climate Change Cell  2009 ). Furthermore, Rahman et al. ( 2008 ) mentioned 
that drought in 2006 caused 25–30 % crop reduction in Northwestern part of 
Bangladesh. As agricultural production has decreased in many of the drought 
affected years, hence, most of the people suffer from food security, malnutrition and 
livelihood insecurity.  

13.3.2     In Terms of Fisheries 

 The frequency of extreme droughts has a disproportionate effect on fi sh habitat and 
populations, and the incidence of diseases is expected to rise. Drought causes drying 
up of surface water bodies like canals, ponds, beels and rivers, etc. It also hinders 
fi shing activities and causes diffi culties for the fi shing dependent livelihood. It is 
reported by Haque ( 2007 ) that seasonal variations of rainfall and temperature have 
diverse implications on fi shing, hatchery operations, fi sh production and liveli-
hoods of a wide range of people directly and indirectly involved with fi sheries and 
aquaculture. Furthermore, drought causes loss of biodiversity and extinction of 
some fi sh species.  

13.3.3     In Terms of Livestock 

 Livestock are affected by air temperature, humidity, wind speed, and thermal radia-
tion, which infl uence their growth, milk production, reproduction, health, and well- 
being. Moreover, due to lack of grazing facilities and shortage of food that makes 
unfavorable environment for the livestock. Sometimes, cattle and poultry suffer 
from heat stroke, even affected by different diseases like black quarter, anthrax, and 
so on. Drought also diminishes the reproductive capacity of cattle and poultry. 
Thus, it causes economic loss for the livestock dependent livelihood in drought 
affected areas.  
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13.3.4     In Terms of Social Life 

 Drought not only creates vulnerabilities for agriculture, fi sheries and livestock 
sector, but also causes diffi culties for rural livelihood. It has tremendous impact on 
social lives. During this period, food consumption along with food purchasing 
capacity is reduced due to the lack of suffi cient food production and the increase of 
food price. Women in rural livelihood usually cut down their daily food consump-
tion. Moreover, people are facing safe drinking water problems during drought 
period and woman’s hardship is increased due to fetch drinking water from far dis-
tances. Even, sometimes confl ictions among the neighborhoods arise due to the 
scarcity of water during the drought period. Children are unwilling to go to school, 
so that during this period dropout increases rather than other periods. Besides, agri-
cultural labor has no work to do agricultural activities in their land. They act as daily 
labor during this period. Even in extreme conditions, farmers change their occupa-
tion and go to nearby village or city to look for some jobs to meet household’s basic 
demands. In severe cases, seasonal migration happens in this area.  

13.3.5     In Terms of Health 

 Livelihood in drought affected areas tremendously faces hotter temperature. 
Different diseases like dysentery, diarrhoea, dengue and hypertension arises in this 
area. Excess mortality during heat waves is greatest in the elderly people and those 
with the pre-existing illness (Sator et al.  1995 ;    Semenza et al.  1999 ; Kilbourne 
 1997 ). Much of this excess mortality from heat waves is related to cardiovascular, 
cerebro-vascular and respiratory diseases. Heat stroke, heat exhaustion and some 
respiratory problems increase due to high air temperature (Semenza et al.  1999 ). On 
the other hand, due to the lack of safe drinking water, people in this area uses pond 
water that also leads to various water-borne diseases.  

13.3.6     In Terms of Environment 

 Drought causes the environmental degradation in various ways. It dries out the 
natural water bodies and thus causes loss of wild and cultural stocks. It reduces 
water levels in reservoirs, lakes, and ponds, increases salt concentration, water 
temperature, affects air and water quality and degrades landscape quality and causes 
soil erosion. On the contrary, drought has substantial effect on ground aquifer. 
Surface water as well as groundwater is the main source of fresh water in drought-
prone Northwestern region of Bangladesh. The dependency of livelihood on 
groundwater has increased since the last decade due to the excessive utilization of 
groundwater for irrigation purposes. Not only excessive use of groundwater for 
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irrigation purposes but also domestic uses cause depletion of groundwater level dur-
ing the dry season in Northwest Bangladesh (Habiba et al.  2011 ). This causes a 
great threat to the irrigated agricultural system and also causes draw down of 
groundwater level and leads to environmental problems such as heavy metal 
contamination, arsenic and salinity. 

 Besides ground aquifer, drought also acts as a catalyst of land degradation that 
causes reduction of soil moisture and water retention capacity. It enhances the 
drying out of topsoil and effective loss of soil structure and aggregation. Moreover, 
drought declines soil organic contents, reduce microbial activity and overexploitation 
of sparse vegetation. On the other hand, it causes loss of biodiversity by hampering 
the microbial activities, extinction of some species and damage to plant and animal 
species, increase incidence of the diseases by bringing pathogen and parasites.   

13.4     Adaptation Responses Towards Drought 
in Northwestern Bangladesh 

 Despite drought vulnerabilities, a large number of actors have been involved in 
developing and implementing adaptation strategies to reduce the vulnerabilities. 
Because, adaptation can greatly reduce vulnerability by making communities better 
able to adjust the climatic variability as well as drought, moderating potential 
damages and helping them to cope with adverse consequences. Hence, this section 
illustrates the existing adaptation responses of different levels that are undertaken in 
the drought-prone area of Bangladesh. 

13.4.1     Adaptive Responses at Local Level 

 Farmers are the frontline of facing drought vulnerabilities; therefore, they have 
developed a wide range of adaptation strategies to cope with drought. In this regards, 
agronomic management is the key adaptation measure that helps to improve 
agricultural productivity. Thus, the common agronomic practices observed in this 
area are manuring and composting, seedbed method; ail lifting, tillage and shedding. 
These practices help to improve soil quality, add organic matter into the soil, hold 
rainwater during the rainy time and distribute rainwater uniformly into their 
cropping fi eld. Mahoo et al. ( 2007 ) also mentioned that farmer’s adopted tillage 
methods, agronomic practices and crop diversifi cation approaches help to maximize 
yield from available water. 

 Crop intensifi cation through crop diversifi cation, cropping pattern etc. is another 
well accepted adaptive practice in drought affected Northwestern Bangladesh. 
Orindi and Eriksen ( 2005 ) and Adger et al. ( 2003 ) reported that farmers diversify 
crop types as a way of spreading risks on the farm. Therefore, majority of farmers 
in this area have adopted diversifi ed crops like sugarcane, different type pulse and 
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oil crops, vegetables and different fruit crops like mango, jujube etc. in their cropping 
fi eld to cope with drought. Even though, they are cultivating two crops in the same 
cropping fi eld. For instance, rice and mango is a common adaptation practice in 
Northwestern Bangladesh that not only helps to minimize the yield loss happened 
through drought, but also adds economic benefi ts for the farmer’s (Fig.  13.6 ).

   Water harvesting through re-excavation of pond, khari, dam, mini ditch and canal 
is another adaptive practice performed by farmers in this area. But the percentage is 
comparatively lower than the other adaptive practice currently farmers are doing. 
Apart from the water harvesting, farmers utilized various type of water resources 
exploitation through deep tube well (DTW), shallow tube well (STW), low lift 
pump (LLP) etc. Figure  13.7  represents that farmers are withdrawing water through 
STW and using plastic pipe to distribute the water into their crop fi eld.

   In contrast with agricultural adaptive practices, different farmers group in 
drought affected areas utilize other income generating activities like business, wage 
labor, services and construction works etc. and other non-agricultural farming like 
rearing livestock, poultry, dairy farm, cattle fattening, fi sh culture, making cow 
dung fuel etc. It has been evident from Fig.  13.8  that farmers are using various 
adopting various practices in drought affected areas. Even, in the extreme drought 
periods, they took money from  mohajon  at high rate of interest and sometimes 

  Fig. 13.6    Rice and mango intercropping in drought affected area of Bangladesh.  Source : LACC 
project, DAE, Bangladesh       
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mortgaged their land and other household assets like ornaments, utensils, etc. 
Drought victims in Bangladesh were obliged to borrow money and food and/or sell 
their land and other belongings (Paul  1998 ).

13.4.2        Adaptive Responses at Institutional Level 

 Many countries are already adapting to current climatic events at different spatial 
scales—National, Provincial/State, district and local levels, and over different time 
frames—short term, mid-term, and long-term. In Bangladesh, it has been seen that 
government of Bangladesh (GoB) undertakes relief measures by providing drinking 
water, food grains and food subsidies to special groups through food-for-work 
programs for drought risk reduction. The rural works program of the Government 
of Bangladesh (GoB) provides employment to the population affected by drought 

  Fig. 13.7    Irrigation provided in the cultivated fi eld through shallow tube well ( left ) and plastic 
pipe ( right ).  Source : Author       

  Fig. 13.8    Photos showing farmers income generating activities like mango and jiggery production 
in drought affected area.  Source : Author       
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and helps to mitigate the drought severity. To meet the increased demand for food; 
the government, research institute and NGOs have initiated modern agricultural 
technology and practices such as High Yielding Variety (HYV) seeds, increased 
irrigation coverage, and introducing drought tolerant varieties. Among them, 
Department of Agricultural Extension (DAE) provides some training programs to 
the farmers on how to use supplementary irrigation in T. Aman crops, alternate wet-
ting and drying (AWD) method for rice crops; quality seeds production, collection 
and distribution at farmer’s level. 

 In addition, LACC (Livelihood Adaptation to Climate Change) project is jointly 
implemented by Food and Agriculture of United Nations and the DAE (Department 
of Agricultural Extension), under Comprehensive Disaster Management Programme 
(CDMP) of Ministry of Food and Disaster Management where they executed differ-
ent viable adaptation options for drought areas and found various adaptation prac-
tices benefi cial for the livelihood such as mini ponds for rain water harvesting, 
homestead gardening, mango and jujube cultivation, etc. 

 Besides, Bangladesh Agricultural Research Institution (BARI), Bangladesh Rice 
Research Institution (BRRI) has developed some drought tolerant crop varieties and 
distributed the varieties to the farmers by DAE (Table  13.1 ). Even in 2009, govern-
ment offered 100 h free irrigation for millions of farmers to pump underground 
water after a severe lack of monsoon rains.

   Government also carried out irrigation facilities in drought affected northwestern 
region though  Barind  Multipurpose Development Authority (BMDA). The  Barind  
Integrated Area Development Project (BIADP), later renamed as BMDA that was 
established in 1985 to retain environmental balance and check the desertifi cation of 
the  Barind  region’s Rajshahi, Naogaon and Chapai Nawabganj districts. Before the 
project activities started, the  Barind  Tract was the most unfavorable agricultural 
section of the country where rain fed local  T. aman  was the dominant crop. Now, the 
ensured supply of deep tube well (DTW) irrigation has fundamentally changed the 
 Barind  Tract’s agricultural scenario. Because, BMDA has successfully expanded 
their executing area through construction of cross dams and water control structures; 
re-excavation of canals and ponds; installation of DTWs; afforestation; improve 
surface water augmentation; construction of irrigation canals and roads; electric 
connections for the DTWs; drinking water supply through the over head tank and 
production of fi ne and aromatic rice. Figure  13.9  shows BMDA activity in drought 
affected region of Bangladesh.

   Likewise, several governmental agencies like Bangladesh Agricultural 
Development Corporation (BADC) and Rural Development Academy (RDA) has 
undertaken irrigation project in drought affected areas. On the other hand, Disaster 

   Table 13.1    Development of drought tolerant crop varieties by research institute in Bangladesh   

 Serial 
number 

 Name of drought tolerant 
crop variety  Developed technology 

 1  Barley  BARI Barley-6 
 2  Pulse crop  BARI Chola-5, BARI Mungbean lines BMX-01007 
 3  Rice  BRRI DHAN-56 and BRRI DHAN-57 
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Management Bureau (DMB), Department of Relief (DoR), Ministry of Environment 
and Forests (MoEF), Department of Environment (DoE), Ministry of Agriculture 
(MoA), Department of Livestock (DoL), Department of Fisheries (DoF) and differ-
ent NGO’s are also involved in the process of drought risk management.   

13.5     Scale Up Suitable Adaptation Action to Minimize 
the Drought Risk of Rural Livelihood 

 Successful climate change adaptation by farmers will hinge on the availability of 
effective adaptation strategies and the extent to which those strategies can be imple-
mented (Howden et al.  2007 ). As discussed in earlier that a wide range of adaptation 
strategies exists at the local level along with government and a number of organiza-
tions are trying to assist the drought victims by providing various facilities such as 
irrigation water, relief, seeds, etc. Although adaptation is not a straightforward pro-
cess and adaptive actions depend on the farming system’s adaptive capacity, and 
farmer’s willingness to adopt one or more of the available adaptation strategies 
(Howden et al.  2007 ; Crimp et al.  2010 ). Moreover, based on the values, attitude, 
goals, beliefs and risk perception of livelihood, it is urgent to scale up the adaptation 
actions that helps the rural livelihoods to handle with the upcoming drought events. 

 With this context, the Livelihood Adaptation to Climate Change (LACC) project 
started its operation in the drought prone Northwestern Bangladesh (2005–2010) 
executed by Department of Agricultural Extension (DAE), Ministry of Agriculture, 
and technically guided by the Food and Agriculture Organization (FAO). The project 
implemented activities to promote livelihood adaptation and reduce vulnerability to 
climate change of poor communities who have the lowest capacity to adapt. At the 
same time, this project tested different adaptation options (Table  13.2 ) and evaluated 
these options by technical implementation working groups ( source : ADPC  2006 ). 
They considered several criteria to prioritize these adaptation options.

  Fig. 13.9    Distribution of irrigation water into crop fi eld through DTW ( left ) and irrigation channel 
( right )       
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   Among them, drought mitigation potential, suitability and sustainability under 
future climate change conditions, relevancy to vulnerable communities, employ-
ment opportunities, gender integration and social acceptability are notable. 
However, 12 adaptation practices were identifi ed by that project as viable and pos-
sed    high level of priority for future incremental action at community level to miti-
gate future drought impacts (Table  13.3 ).

   Apart from these viable adaptation actions, Habiba ( 2012 ) carried out an inten-
sive research in 14 upazila (sub-district) of two severe droughts prone district 
namely Rajshahi and Chapai Nawabganj in Northwestern Bangladesh. It considered 
irrigated and non-irrigated village of each upazila by using a semi-structured ques-
tionnaire that mainly focuses on various adaptation practices of farmers toward 
drought. It serves as viable action- and implementation-oriented tool for making an 
upazila resilient to drought disaster. Therefore, the results came from this research 
highlight a total of 30 drought adaptive practices, 15 originated from irrigated vil-
lage and 15 from non-irrigated village of that area at each upazila level. Table  13.4  
shows farmer’s recommended and prioritized drought adaptive practices (DAP) in 
both irrigated and non-irrigated areas.

13.6        Conclusions and Recommendations 

 Climate changes are predicted to lead an increase in storms, fl ood, and landslides 
and also increased prolonged dry spells (   IPCC  2007 ). Climate change will affect 
agriculture through higher temperatures and more variable rainfall, with substantial 

   Table 13.3    Viable and suitable adaptation practices of livelihoods towards drought   

 Name of the suitable adaptation practice 

  1  Alternative seedbed method for T. aman rice to manage variability in rainfall pattern 
  2  Re-exavation of traditional ponds to collect excess rain water and to use as supplemen-

tal irrigation during intermittent drought at community level 
  3  Exavation of mini ponds to store rain water and re-use during drought at farm level 
  4  Cultivation of drought resistant varieties of rice and other crops to improve the 

productivity and also to increase nutritional security 
  5  Crop intensifi cation by adopting T. aman–Mustard/linseed cropping system to use the 

residual moisture after T. aman rice 
  6  Crop intensifi cation by adopting T. aman–Mung bean cropping system to utilize the 

residual moisture after T. aman rice 
  7  Promoting mango cultivation in Barind Tracts to increase income and to mitigate 

seasonal drought 
  8  Establishment of model homestead gardens 
  9  Fodder cultivation 
 10  Promoting cottage industries as an alternative income generating activities 
 11  Promoting community based bio-gas and tree planting in drought prone areas 
 12  Advocating post harvest practices to maintain good quality seeds 
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   Table 13.4    Farmers’ recommended top-most priority drought adaptive practices   

 Prioritized drought adaptive practices at community level 

 Irrigated area  Non-irrigated area 

  1  Expected more drought information 
from TV, radio 

 Expected more drought information from TV, 
radio 

  2  Dairy farm establishment  Community savings and credit system 
  3  Community health care service for 

better care 
 Community health care service for better care 

  4  Establish dairy farm as income 
generating activities 

 Establish dairy farm as income generating 
activities 

  5  Save money  Save money 
  6  Sell agricultural goods during 

drought period 
 Sell agricultural goods during drought period 

  7  Public awareness program related 
to drought 

 Public awareness program related to drought 

  8  Extension worker’s support for 
drought mitigation 

 Extension worker’s support for drought 
mitigation 

  9  Cash as a support from institution  Electricity as a support from institution 
 10  Use of diesel for irrigation purposes  Use of diesel for irrigation purposes 
 11  Drag the river and use of river water  Drag the river and use of river water 
 12  Establishment of drought information 

center in union level 
 Establish drought information center at union 

level 
 13  Use of plastic pipe for supplemental 

irrigation 
 Use of plastic pipe for supplemental irrigation 

 14  Vegetable gardening  Vegetable gardening 
 15  Establish mango orchard  Establish mango orchard 

reductions in precipitation likely in the mid-latitudes where agriculture is already 
precarious and often dependent on irrigation. As Bangladesh is an agrarian country, 
therefore, any fl uctuation that happens through climate change as well as drought, it 
hampers country’s economy and food insecurity. 

 Many structural/physical and institutional adaptation mechanisms have been 
implemented in the past through conventional top-down approach. However, they 
lack community participation and livelihood focus. Although, community is consid-
ered as the centre of disaster risk reduction and community actions make the disas-
ter reduction most effectively. Therefore, community participation and control is 
essential for any successful implementation, orientation and maintenance of any 
disaster risk reduction project (Habiba and Shaw  2012 ). On the contrary, developing 
adaptation strategy requires a vision that balances the need to reduce climate change 
impacts with any constraints in national policy making processes. Because, farmers 
adaptive capacity does not automatically translate into successful adaptation to 
climate change (O’Brien et al.  2006 ). It requires greater institutional capacity at all 
levels of government and more effi cient coordination between different levels of 
government. 

 It is evident from this study that livelihoods in Northwestern region are under severe 
threats from recurrent droughts. Over the years, these livelihoods have developed a 
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number of mechanisms to cope with recurrent drought. Other players like the  government 
and developmental partners have also developed and implemented interventions to help 
livelihoods adapt to these drought events and reduce their vulnerability. Unfortunately, 
these strategies are no longer adequate as the droughts have increased in frequency and 
magnitude. Thus, the prioritized adaptation options that came from farmer’s and expert’s 
point of view, it needs to be institutionalized by different levels. Because, better adapta-
tion governance requires the capacities of communities and institutions to be enhanced 
to identify, prioritize and implement a wide variety of adaptation actions, policies and 
programs at local and national level (   Prabhakar  2010 ). In addition, reduction of vulner-
ability of agriculture and allied sectors from the drought impacts, a suggested adaptation 
requires co-ordinate actions, proper planning, fi nancial resources and community 
involvement. Therefore, the following consideration should be kept in mind to develop 
successful drought adaptation actions that would be performed through national to local 
level and helps livelihoods to build resilience against drought.

•    Incorporation of livelihood adaptations in long-term planning  
•   Implementation of research and development on new crops  
•   Improvement of information dissemination network  
•   Market risk management in agriculture  
•   Access to credit  
•   Developing enabling institutions and favorable socio-economic conditions        
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    Abstract     Climate changes are increasing vulnerability of natural resource dependent 
livelihood practices of large population in Bangladesh. Extreme events such as 
cyclones, tidal surges, fl ood, river erosion and salinity stress have been severely 
affecting agriculture, fi shing or fi sh cultivation and livestock rearing. Communities 
remain extremely vulnerable to disasters that impeded the key livelihoods in the 
coastal areas than any other place. The traditional agriculture cropping is decreasing 
in coastal areas due to variation of fresh water and salinity level and increasing 
abrupt weather events, tidal inundation and water logging. Large coastal population 
lacks of climatic information, improved crop varieties and diversifi ed livelihoods to 
continue adaptation practices. In particular the marginalized and landless coastal 
people who have limited access to natural, social and institutional services of local 
govt. institutions are losing adaptive capacity in the long-run. The paper presents 
livelihood adaptation practices of coastal communities in Bangladesh. Particular 
emphasis is given on an innovative livelihood model-Forest, Fish and Fruit (Triple F) 
which shows integrated community based livelihood practices for short-, mid- and 
long-term adaptation. Drawing the discussion the paper highlights for improving 
the livelihood practices in a way that incorporates climatic risks in collective 
resource management and income generation enhance adaptive capacity of coastal 
community. Strengthening local institutional capacity to enabling collaboration 
between govt. departments and community effectively bring diversity of knowledge 
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in climatic risk reduction measures, cost-effective implementation of the new 
adaptation technology and ensure social equity and empowerment in the access to 
livelihood resources. Collective livelihood practices can create pro-active attitudes, 
cross-learning opportunity and participatory decision-making which are important 
for claiming relevant govt. services, disseminating best experiences and facilitating 
adaptation practices across the community. Despite the fact, current adaptations will 
not supersede dynamic vulnerability of livelihoods in coastal areas to large extent 
due to multi-fetched threats and lack of sustainability in resource generation. The 
potential strength and weakness of adaptation innovations must be analyzed within 
immediate timeframe to address the short- to mid-term benefi ts for long-term policy 
making. More collaboration of local institutions and diverse stakeholders through 
enhancing the fi nancial and technical capacity, and as a whole, inclusive governance 
are important for sustaining the livelihood resource benefi ts.  

  Keywords     Climate change   •   Coastal community   •   Livelihoods   •   Triple F  
 •   Vulnerability  

14.1         Introduction 

    Coastal communities are facing much more vulnerability across the globe (Shaw 
and Krishnamurthy  2012 ). Anthropogenic stress in terms of over exploitation of 
coral reef and fi sheries and land based activities (i.e., agriculture intensifi cation) 
already increased stress in natural system of the coasts. Climate change adds to 
lower recovery or resilience of the natural system for human well-being and liveli-
hoods (Adger et al.  2005 ; Lebel  2012 ). Various nature and impacts of climate 
change shocks affect coastal livelihoods differently and govern vulnerability and 
adaptive capacity. Some of the disasters are fast in coastal areas in terms of its 
sudden affects to coastal life and livelihoods like tropical cyclone and storm surges, 
where others are slow in events like salinity or inundation increase, but these have 
long-term impacts on social and economic functions (Nicholls et al.  2007 ). The 
tropical cyclone of 2007 caused loss of valuable mangroves, social and physical 
resources and livelihood bases that post-disaster recovery has not yet been possible 
in Bangladesh (Mallick et al.  2011 ). With changing frequency of cyclonic wind and 
storm surges and inundation coastal agriculture and domestic fi sheries and open 
fi shing have been highly affected which are signifi cant livelihoods sources to 
majority coastal people. Salinity level is slowly increasing over the time and 
causing serious threats to traditional agriculture farming and mangrove ecosystems 
(Moniruzzaman  2012 ). 

 High climate sensitive livelihood characteristics and different socio-economic 
level and access of community and households to assets determine adaptive capacity. 
Large coastal population is less capable to share the majority of the natural resources 
effectively in livelihood practices due to lack of effective coastal zone policy and 
regulation, collaborative resource management and local institutional capacity. 
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Social inequality in terms of limited resource ownership and external support affect 
adaptive capacity of particular poor and marginalized groups in coastal areas (Nandy 
and Ahammad  2012 ). Coastal development interventions largely focused on land 
stabilization, structural protection measures for disaster risk reduction (Agrawala 
et al.  2003 ) and by contrast, ignored embedded social construction and resource 
ownership legacy in changing climate (Nandy and Islam  2010 ). As result, long-term 
institutional inertia caused fragmented resource management which was neither inte-
grative livelihood practices nor socially inclusive towards incorporating the emergent 
coastal adaptation in Bangladesh. Though protective engineering measures by build-
ing earth embankment reduced physical vulnerability to storm surges this was not 
planned and based on anticipatory impacts of climate change related stress like 
increased storm surge height and water logging on livelihood to adjust to current and 
future changes (Mallick et al.  2011 ). The paper mainly presents livelihood adaptation 
practices in coastal areas by drawing experiences of Bangladesh NAPA priority proj-
ect implementation. Several adaptation practices are also discussed to understand the 
diversity of practices and strength towards long-term adaptation.  

14.2     Climatic Vulnerability and Coastal Livelihood 
Adaptation 

 Climate related risks largely trigger extreme events and impacts on social and 
ecological systems in Bangladesh. Based on Intergovernmental Panel on Climate 
Change (IPCC) evidences of climatic risks in relation to coastal ecosystems 
Bangladesh has much emphasis on increased sea surface temperature; CO 2  concen-
tration; change in storm frequency, intensity and track; altered wave and water run-
off; and sea level rise (Nicholls et al.  2007 ). Increase sea surface temperature has 
already recognized for coral mortality and algal blooming. Coastal people substan-
tially depend on sea and river fi sh for food and protein demand and only livelihoods 
in Bangladesh. There is another reason that sea surface temperature can damage 
coral reef of St Martin’s Island in its south-east coastal zone. CO 2  concentration due 
to increased fertilization and decreases P H  are likely to change coral and man-
grove habitat and optional livelihoods of adjacent coastal communities. Whereas 
coastal fi sheries contribute to large scale protein food, understanding temperature 
impacts on fi sh catch and reproductive behavior in Bangladesh is yet to be 
satisfactory. 

 Changes in tropical cyclonic and storm surge events are highly consistent for 
Bangladesh based on different fi ndings of the studies drawn in IPCC report. 
Increasing frequency of cyclonic wind and storm surges are recorded though IPCC 
fi ndings show little variation of regional average to country context. Storm surges 
are relevant to climate change prediction for increase of extreme water level and 
height in Bangladesh though uncertainty of origin and impacts remains a critical 
issue. Storm surges cause serious fl ooding and structural failure to loss of liveli-
hoods. Altered wave rate and relationship is not correctly assessed in country scale 
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though erosion and accretion is a continuous process in Bangladesh. Regional 
context of sediment run off is assessed for 40 large deltas which lead Bangladesh at 
risk to altered sediment fl ow, water quality and nutrient supply in mangroves and 
aquatic habitats. 

 Sea level rise is among others the critical threat which can trigger associated 
climate changes to extremely vulnerable coastal ecosystems of Bangladesh. The 
large deltaic plain of Ganges–Brahmaputra–Meghna rivers receive sediment fl ow 
that increase subsidence. Natural compaction of subsidence and upstream human 
activities (dam) are likely to enhance sea level rise in Bangladesh. The fi ndings of 
subsidence and change of sediment fl ow is currently based on regional scale that 
Bangladesh are likely to be affected with sea level rise. Neither of the interconnec-
tion between subsidence rate and sea level rise is distinctively found, but the associ-
ated impacts are already observed and increasingly severe to affect the livelihoods. 

 There are relative variations of sea level rise at 10 cm, 20 cm to 1 m by 2030, 
2050 and 2100 (Ali  1996 ). Scientifi c predictions may vary though upward water 
level in storms and tidal inundation (4–7.5 mm/year) in Bangladesh are plausible 
evidences of sea level rise in coastal areas. The key impacts of sea level rise in 
coastal ecosystems are large scale inundation, storm and fl ood damage and salt 
water intrusion. All the impacts have different degree of relation to vulnerability of 
coastal ecosystems in Bangladesh. In qualitative view, the impacts cause drainage 
congestion to embankment loss, ecological degradation of agriculture, wetlands and 
mangrove habitats, and social vulnerability to livelihoods. IPCC predictions of sea 
level rise may displace more than 1 million people by 2050 in Bangladesh. 

14.2.1     Key Risks and Vulnerability of Coastal Livelihoods 

 Coastal ecosystems comprise diverse social and ecological features in Bangladesh. 
Natural and planted mangroves; newly accreted chars; agricultural lands; aquatic 
resources; human settlements; urban centers; and small and medium size business 
attributes shape the coastal ecosystems into highly dynamic confl uence of human 
and environment. Agriculture practices cover the largest 59 % of total land use 
followed by shrimp, fi sheries and wetlands (13 %), mangrove (11 %) and others 
including urban centres (17 %). Mangroves, one of the valuable functional ecosys-
tems serves protection against disasters and produce benefi ts to coastal communi-
ties and national economy through forest products. Fisheries are the major 
concentration of social and institutional activities ever increasing due to popula-
tion growth and subsistence demand for food and profi t oriented business (i.e., 
shrimp farming) in coastal areas. Newly accreted Char land management is largely 
infl uencing social and ecological factors of the area due to its potential and mul-
tiple uses for afforestation, livelihood and human settlement. There has been esti-
mated an increasing landmass accretion of 137,168 ha over erosion of 86,000 ha 
lands during a period from 1973 to 2000 (MES  2001 ). Between 1990 and 2005, 
almost 79,500 ha of accreted lands have been stabilized by mangrove plantation 
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(FAO  2010 ). In practice accretion of lands shaped coastal ecosystems into func-
tional (land stabilization) and productive (agricultural practices, pastures) resource 
(Nandy and Islam  2010 ). 

 The diversity of coastal resources has different scales of functional capacity and 
roles to benefi t coastal communities for livelihood and national economic growth. 
Long-term benefi ts of these multiple resource regime are even larger depending on 
the subsequent resource management capacity. Morphological shifting of coastal 
boundary and extreme events has threatened social and ecological functions in 
spatial and temporal scale. Over the time and space, coastal livelihoods have been 
vulnerable to extreme events in different ways. Morphological change caused land 
erosion hazard and social displacement of coastal communities. Tropical cyclone 
and storm surges already affected three coastal regions of the country with massive 
loss of life and property. The Bay of Bengal is the breeding ground of 40 % of the 
world cyclones and storm surges affecting coastline of Bangladesh. Nine cyclonic 
winds were recorded in the Bay of Bengal for 1991–2000 periods, almost of these 
affected the country in different scales (Hossain et al.  2012 ). The super cyclone 
‘Sidr’ killed 3,500 people and destroyed human settlement, property and valu-
able mangrove resources in 2007. The associated social and economic impacts 
from the tropical cyclone and storm surge are however neither assessed, nor, docu-
mented for providing effective interventions. 

 Salinity intrusion is slow and steady event affecting the coastal ecosystems by 
degrading soil fertility, freshwater bodies and regeneration capacity of mangroves. 
Storm surges and sudden tidal inundation cause direct inland intrusion of salinity 
and destroy standing crops. Conversion of agricultural lands or mangroves for 
shrimp farming and salt pan already contributed to change of coastal ecosystem 
beyond threshold into undesirable states. Documented in many literatures salinity 
intrusion has received much discussion for large scale coverage in 32 % land areas 
of the country. The landward intrusion of salinity level puts coastal livelihoods at 
higher risks and has been extreme with climate change. About 70 % of the coastal 
lands are affected with salinity for particular 4–6 months in a year (Nandy et al. 
 2003 ). About 50 % of coastal lands are somewhat untenable for agriculture in a 
year. Rahman et al. ( 2011 ) noted that 50–60 % of summer and winter crop varieties 
declined due to salinity in south-western coastal districts from 1975 to 2006. They 
also identifi ed loss of rice varieties and homestead forest species with salinity 
intrusion in terrestrial ecosystem. 

 Coastal fl ooding increase risks to livelihoods by sudden submersion in agricul-
ture lands inside the coastal embankment. Storm surges usually create large scale 
fl ooding with rapid pace and impacts harvestable crops, freshwater ponds, and fi sh-
eries, and mangrove vegetation. Tidal inundation is a regular phenomenon though it 
becomes devastating with erratic heavy rainfall and cause monsoon fl ooding for 1–2 
weeks. Observation shows that fl ooding or waterlogging from inundation is increas-
ingly occuring 3–4 times in a year. Increase subsidence of rivers by sediment deposit 
decrease river navigation and subsequent withdrawal of excess water from the 
coastal areas. Drain out of excess water is often not possible due to imbalance water 
height between inner and outer part of the coastal embankment. Different studies 
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referred to both natural water fl ow (erosion of land) and human actions (e.g., hill 
cutting) increase sediment deposit in different coastal points over the years. There 
is until inadequate assessment available in relation to the rate of subsidence and the 
possible interventions taken for effective drainage management.  

14.2.2     Linking Livelihood and Adaptation 

 Livelihoods infl uence exposure and sensitivity to current and future climate change 
related stresses (Pouliotte et al.  2006 ). The principal and key determinant of adap-
tive capacity is related to the ability of livelihoods to withstand shocks and stresses 
which dominates the degree of livelihood risks. Any strategy to reduce vulnerability 
is based on understanding of how people currently sustain their livelihoods. The 
traditional natural resource oriented livelihood strategies is highly climate sensitive 
in coastal areas. Almost 80–90 % people depend on both agriculture and fi sheries 
directly, or partly in any of these in different seasons for livelihoods. Climatic 
change related stress is creating surprises beyond community perception, access to 
information and capacity to take pre-planned adaptation measures. Lower produc-
tive lands and inequity in user groups and lack of access to external supports for 
additional livelihood measures is weakening coping capacity of coastal people, and 
so require adaptation measure. Coastal adaptation can be understood through adjust-
ment of ecological, social, or economic systems to actual or expected climatic 
stimuli and their effects or impacts. Adaptation as a process can provide opportuni-
ties to prevailing capacity of individual and community for transforming into new 
livelihood approaches. Effective adaptation measures refer to identifi cation of 
current livelihood problems and innovating policies and practices with respect to 
historical vulnerability trend line and considering future uncertainty. 

 Livelihood is interrelated with social, ecological and institutional drivers which 
imply innate capacity of coastal community that enables them or may not to adapt 
to changing situation. Social construction in resource ownership pattern and 
ecologically pre-determined physical risks can limit livelihood practices and adap-
tation processes in coastal areas. Avoiding social limits to continuous livelihood 
practices of majority coastal people are as important as to secure their household 
income and access to institutional services. External institutions have critical roles 
in developing any risk reduction policy while drawing cross-scale interplay of 
relevant stakeholders, and fi t of new approaches at local level. Adaptation policy 
broadly includes international negotiation and funding process where national level 
can arrange priority based interventions for target people at risks, locally driven and 
accepted measures. 

 Protection and improvement of livelihood practices can provide additional and at 
the same time alternative means of adaptation practices. Depending on timing and 
purposes any of the adaptation, livelihood practices also vary within planned or 
autonomous; short to mid- and long-time interventions. Protection of coastal 
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livelihoods is thought in most cases by building embankment and cyclone shelters 
which are hard adaptation measures. These adaptation interventions are yet to be 
adequately assessed with changing shock levels of increased storm surges and salin-
ity intrusion as well as water logging. Adaptation of coastal communities or indi-
vidual household needs innovative livelihood inputs which can be alternative to 
adjust to new shocks for maintaining their life supporting functions. The livelihood 
based adaptation in prolonged water logging or saline situation requires salinity 
tolerant rice varieties, fast growing fi sh cultivation or alternative land uses.   

14.3     Experience of NAPA Priority Project 

14.3.1     Multi-scale Adaptation through Forest, Fish and Fruit 
(Triple F Model) 

 The Community Based Adaptation to Climate Change through Coastal Afforestation 
(CBACC-CF) is the fi rst priority project of NAPA Bangladesh that has introduced 
the Triple F livelihood model for enhancing adaptation capacity of coastal commu-
nities in Hatiya of Noakhali; Char Fassion of Bhola and Barguna Sadar of Barguna 
coastal districts (Fig.  14.1 ). Different livelihoods types including agriculture and 
fi sh cultivation, tree plantation and duck rearing are integrated in the model consid-
ering the salinity risks and freshwater scarcity in coastal areas. The basic structure 
for executing the model is preparation of ditch and dyke. Each ditch is 54 m 
length × 6 m width × 2 m depth and dyke is 60 m length × 3 m width × 2 m height. 
Ditch is suitable for irrigation and fresh water fi sh cultivation; dyke is cultivated 
with seasonal agricultural vegetables, improved fruit varieties and forest trees. In 
1 ha of land, eight ditches and nine dykes can be constructed. Each family has been 
distributed one ditch and dyke and a total of 896 households will be involved in the 
Triple F model of the project.

    Fish : Each ditch is suitable for fi sh culture with fast growing and improved varieties. 
Though coastal areas are dominated by fi shermen groups, with changing extreme 
events, most of the people are losing seasonal fi sh catch from the sea and river. The 
ditch system can secure additional or alternative source of income through fi sh cul-
tivation in two seasons of a year. By excavating a single ditch a family can produce 
an estimated 150–200 kg of fi shes annually which secures their household protein 
and additional income after consumption. Harvesting of rain water in the ditches 
also supports regular water supply to plantations on dyke and increase fresh water 
security as it doubles as a reservoir. 

  Fruit trees : Dyke is planted with high yielding fruit varieties BAU-Kul ( Ziziphus 
mauritiana ) and BAU-Guava ( Psidium guajava ), developed with the technical sup-
port from the Fruit Tree Improvement Centre of Bangladesh Agriculture University 
(BAU). The signifi cant feature of the fruit varieties is twice yielding in a year and 
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enriched vitamin and mineral source in household food. On a dyke 24 seedlings (12 
nos. of each variety) of these fruit varieties can be planted in between forest tree 
species. Fruiting starts in eight months of out planting on each dyke though sizeable 
harvesting of the fruit takes 2–3 years. 

  Forest trees:  Different forest trees and palms ( Cocos nucifera ) are planted on dyke 
to provide communities with long-term timber, mid-term fuel-wood from branch 
pruning and food products. These add to the protection services of the Triple F 
model and the surrounding land and community from climatic impacts. 

  Fig. 14.1    Arrow indicated the potential sites of Triple F       
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14.3.1.1     Short-Term Adaptation Measures 

 Planting of improved varieties of vegetables on long top surface of each dyke 
provides immediate opportunity for household consumption of communities. 
Further expansion of the dyke area for cultivation is possible through special 
supporting arrangements (scaffolding) on the margins of the ditch to support 
hanging vegetables including; country bean, cucumber, bottle, bitter and sweet 
gourds (cucurbitaceous vegetables) and other creeper vegetables. Each family is 
currently cultivating six to seven types of leafy vegetables on the 60 m long and 3 m 
wide top surface of the each dyke (Fig.  14.2 ). In 6 months of dyke preparation for 
the model, each benefi ciary has been capable to produce 80–100 kg of leafy vegeta-
bles which increase family income up to US$25 per month by selling vegetables 
after household intake.

   It is apparent from Table  14.1  that each of the benefi ciaries have generated more 
than BDT 35,000 (US$434) per year from adaptation interventions with Triple F 
model. The income ranges from BDT 23,000 to BDT 67,000 based on the perfor-
mance of nursing and adequate management of own ditch and dyke. The best per-
formers have been able to earn more than BDT 67,000 (US$827) per family/year 
from each ditch and dyke (Table  14.1 ) which is additional income in addition to 
previous routine livelihood activities of each benefi ciary.

   Among three types of adaptation measures in the model, aquaculture based inter-
vention showed highly promising followed agriculture based adaptation measures. 
This may be associated with the fact that the area is dominated by the fi shermen 
groups. Ditch is cultivated with fast growing and locally demanding fi sh varieties 
for solving regular protein food demand at household and economic benefi t by addi-
tional sell at the local market. With the project support, a single ditch generates 
income up to US$300 per family from fi sh sell. Of the participated coastal families 
who depend on fi shing or work as day labor in sea/riverboats for seasonal liveli-
hoods (July–September) expect the ditch arrangement may be alternative adaptation 
practice. To the coastal families ditch system is highly preferred for rain water har-
vesting and cultivating fi shes, irrigating dyke vegetation in even dry seasons.  

  Fig. 14.2    Community based livelihood adaptation practices       
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14.3.1.2     Mid to Long-Term Adaptation Measures 

 Dyke system also comprises mid to long term adaptation options and creating mid- 
term income generation in 2–3 years with two high yielding fruit varieties  Z. mau-
ritiania  and  P. guajava . The signifi cant feature of the fruit varieties is twice yielding 
in a year and enriched vitamin and mineral source in household food. Each family 
expects high potential yield and income profi t from the fruit varieties. Each fruit 
variety produces 10–20 kg of fruit per tree and generates total income up to US$500 
of a family per year. Coastal communities secure not only regular, short-term and 
mid-term alternative income options, but also planted forest species on dyke for 
long-term benefi ts. 

 Case study 1: Masura Begum (35 years) of Barguna, lost her little shelter by devas-
tating Cyclone Sidr-2007. She says “I had sufferings of food. Now accessing to this 
Triple F model, I have learned how to feed my family not in a day, even in the next 
months with this project support. We spent 3–4 days without food and survived by 
eating green banana only. I got access to land and started producing different agri-
culture vegetables on the dyke, and fi sh in the ditch of the land. In the three months, 
I earned $150 USD by selling vegetables only after family consumption. I earned 
$250 USD from selling fi sh and eggs of duck supplied by the project. I do not need 
to buy any vegetable and fi sh for my family rather I am saving money from selling 
Triple F resources so that I could pay off my debts”. 

 Case study 2: HasanGorami (29 years) of Barguna, used to sell his labor as a fi sher-
man on big boats during the fi shing seasons to support his family, while sits idle in 
most of the non-fi shing seasons. He says “Now I maintain this ditch and dyke and 
this helps me earn extra money. I grew different vegetables on the top of the dykes 
and creepers on the scaffolding and various types of fi sh in the ditch. I already 
earned $ 300 USD from selling fi sh and vegetables and expect to double this by the 
end of the year”.   

14.3.2     Salt Tolerant Rice Cultivation 

 Agricultural practice is increasingly constrained with high level of salinity ingress 
and frequent and severe impacts of natural disasters in coastal areas. Given the 
impacts of seasonal water logging and salinity on land, and lack of irrigation in dry 
seasons, alternative cropping practice through use of climate resilient rice varieties 
have been a vital need for agricultural production in the area. The CBACC-CF 
project has introduced salt tolerant rice variety (BR 47) in four coastal districts. 
Considering lower land productivity, the rice variety has been found potential crop 
in coastal areas. The BR 47 variety has increased annual production from previously 
fallow and salinity affected lands and eventually fulfi lled household food consumption 
(Fig.  14.3 ). Largely coastal people depend on the traditional rain fed  Aman  which is 
the single crop. The yield benefi ts from the demonstration refl ect increasing people’s 
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attention in coastal areas for cultivating additional land in subsequent years. In only 
one project site of Barguna sadar upazila, there is currently 500 ha of lands cultivated 
with the rice varieties in dry season (Nandy  2012 ).

   The paddy has yielded three times more production compared to any local variet-
ies for equal land unit. Most of the coastal farmers in the project areas are accepting 
the double cropping pattern with the new variety to reduce seasonal risks and adapt 
to food crisis. Otherwise, it is not possible to secure household foods only depend-
ing on traditional rice cropping. The cultivation of the BR 47 variety requires less 
water and has tolerance capacity to certain level of soil salinity in dry season 
(CBACC-CF  2012 ). There are additional economic benefi ts that farmers are receiv-
ing income by selling rice and seeds. Access to training of seasonal risk manage-
ment, improved rice varieties and land use techniques is important for improving 
capacity building of the farmers in coastal areas. However, the initial cultivation of 
salt tolerant rice production system requires seed source and irrigation where exter-
nal supports of extension services must be ensured.  

14.3.3     High Yielding Fruit (Guava/Zuzubee) 

 Planting fruit species around homestead has been a traditional culture of rural com-
munity for household food consumption and small source of income. High yielding 
fruit varieties ( Z. mauritiana ,  P. guajava ) is recently introduced in coastal areas to 
maximize land use and secure food and income. Agricultural lands are often less 
suitable for crop farming due to too much of water or less water. People are cultivat-
ing additional fruit plants around homestead areas as well as raised bank of the 
cultivable lands and ponds. When agricultural lands are submerged with water it has 
been possible for cultivating high yielding fruit varieties on non-affected bank with-
out any risk of salinity. Both the high yielding fruit varieties are fast growing and 
increasingly produced in coastal areas. 

  Fig. 14.3    Shifting single crop to double crop through introduction of salt tolerant rice variety       
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 The Guava fruits have high calorifi c values carotin, vitamin C, B1, B2, calcium, 
phosphorus, iron that can heal different type of diseases. Three years old Guava 
plant can yield 100–125 kg of fruit. In local market it has good demand for sell and 
small farmers can earn additional household income after own consumption. BAU 
Kul is another improved fruit varieties which can yield two to three times in a year. 
A 1-year old Kul can yield 8–12 ton of fruit per hectare of lands. People consume 
the variety as substitute of carbohydrate which has important food values for vita-
mins and minerals. There are multiple food products can be produced from Guava 
and Kul to increase economic benefi ts. Small investment is mostly required in col-
lection of grafted seedlings of both the varieties. Under the technical support of 
Bangladesh Agriculture University, the CBACC-CF project demonstrated BAU Kul 
and Guava in four coastal districts. As people have traditional knowledge in pit dig-
ging, application of organic manure and out planting system and so promotion of 
the new varieties are easier. 

 Since the introduction of the varieties, there has been growing interests among 
community for using and planting around homestead and fallow part of the agricul-
tural lands. Any farmer can adopt the practice where women can contribute for 
maintenance activities of the fruit garden. This is also possible to cultivate under 
vegetation along with the fruit varieties which increase short-term income and mul-
tiple uses of lands. While high yielding fruit varieties has year round demand, there 
is lack of people’s skill on the quantity of inorganic fertilizers to be applied, as well 
as remedy measures for reducing risks of diseases and pest attacks. Proper selection 
of the planting site height above regular inundation or water logging is important to 
avoid seasonal weather risks and enhance the benefi ts of the adaptation practice.   

14.4     Other Examples of Coastal Adaptation Practices 

 Local communities have been practicing diverse livelihood practices depending on 
their needs and capacity to use traditional knowledge and external resource avail-
able in coastal areas. Some adaptation practices have been explored from “Reducing 
Vulnerability to Climate Change (RVCC)” project documents for further under-
standing and dynamics of livelihood in coastal areas (Ahammad  2010 ). 

14.4.1     Crab Fattening 

 Crab fattening is increasingly accepted livelihood practices of many families in 
south-west coastal districts of Satkhira, Bagerhat and Khulna. In the past years, 
rural women experienced collection of young crab with simple technique and sold 
in local market for income. Due to saline habitat and the largest mangrove 
“Sundarbans” close to the region, collection of young crab and nurturing in separate 
ponds are increasingly preferred for income generation. The initial cost of crab 
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collection is not as much as those farmers can collect young/juvenile crabs from 
fi shermen at low-price. The local sell of young crabs is vital income source for poor 
fi shermen families where alternatively the farmers continue the business for almost 
a year. There is a less span of time for maturing of the crabs (<28 days) to be suit-
able for export size. 

 The livelihood practice can be easily promoted in extended coastal communities 
due to tidal inundation and water logged saline conditions and locally available feed 
favors the crab cultivation. There is not much required of additional lands and par-
ticular seasonal weather variability as threats to crab fattening. Coastal landless 
families or marginalized farmers who cannot undergo minimum agricultural culti-
vation due to salinity in a year they can adopt the practice for regular income. Using 
community ponds and sharing system there is also opportunity for poor families 
who have no own ponds for crab fattening. While crab production has local demands, 
much of its secured benefi ts are not equally shared by poor people. To optimize the 
benefi ts of small scale livelihood practices for adaptation, access to local market and 
international exports are highly required.  

14.4.2     Mele Cultivation and Mat Preparation 

  Mele  is produced locally from a type of reed and traditionally used by coastal fami-
lies in south-west coastal districts. While raw  mele  is used for animal fodder, the dry 
 mele  has large demand for producing durable mats.  Mele  mats have local and coun-
trywide market which farmers can use for their livelihoods. As a saline prone areas 
considering  mele  are grown and practiced within certain limit of tidally infl uenced 
brackish and fresh water.  Mele  production can be continued throughout the months 
of a year and providing minimum income. There is yet environmental risks in  mele  
cultivation due to its less salinity tolerance and much requirement of irrigation in 
cultivation seasons.  

14.4.3     Poly Culture 

 This is a traditional practice for consecutive use of agricultural land in coastal dis-
tricts Khulna and Satkhira. Farmers use their paddy lands for combined cultivation 
of paddy, shrimp and fi n-fi sh in different seasons. The practice requires less cost and 
time initially due to same unit of land which can be used for production. The paddy 
cultivation begins with monsoon rain when salinity is about to leach out with fresh-
water infl ow around June onwards. At that time, there is a particular system locally 
people adopting to raise their surrounding lands in a dyke form, or locally called 
“Gher”/pond to retain fresh water which is simultaneously used for Aman rice and 
Sweetwater shrimp “Galda”. Freshwater reduce the salinity level and restore natural 

M. Alam et al.



267

quality of the pond where additional organic matters are enriched in soil and plank-
tons available for food of shrimp. To farmers few white fi shes are also naturally 
grown in the land with paddy and  Galda  shrimp. 

 The poly culture provides twofold household income at a time as people usually 
harvest both paddy and shrimp between October and November. Following double 
harvesting the pond owner also adds income from the remaining fi shes. With onset 
dry season saline water starts growing, and farmers converts the land into salt water 
shrimp ( Bagda ) in pond and continue up to June. A complete income turnover per 
year by the land use system can be effective adaptation practice for any farmer irre-
spective of land size. There is yet local people less capable in managing the tradi-
tional practices for crop rotation management and fi sh culture with respect to fresh 
and salt water as well as uncertain whether hazards.  

14.4.4     Floating Garden 

 Floating garden is a special kind of traditional livelihood practice which people are 
adopting over the years in fl ood-prone southern districts (Pirojpur, Gopalganj). 
Following monsoon rain or fl ood events, water logging creates periodical water 
stress to land based agriculture system when people have no alternative livelihood 
means. The fl oating garden provides alternative agriculture practice to people for 
producing vegetables in the water logged conditions through “Hydroponic” system. 
The size of each garden (locally called  Baira ) is fl exible and it can be around 4–6 ft 
width, 25–30 ft long and 3–4 ft height. A farmer can easily prepare a bed with own 
labor and locally available raw materials namely, water hyacinth, rice stub, coconut 
husk and other plant materials. In the initial phase of preparation, the collected 
water hyacinth is tied together and overlaid with bamboo. In consecutive turns or 
days additional water hyacinth is put on bamboos to ensure the thickness of the 
garden. Once the basic structure of the bed is prepared, the water hyacinth is allowed 
to rot. In 3–4 weeks of rotten, the top portion of the bed is enriched with primary 
nutrients (phosphorus, nitrogen and magnesium) which acts as organic manure and 
make suitable for transplanting of different vegetable seedlings. The naturally 
grown quality and eco-friendly garden without soil also reduces the application of 
additional chemical fertilizers for improving crop productions. 

 The practice mostly replaces the soil based agriculture which is entirely not pos-
sible in this period. By adopting the technique, farmers usually produce short- 
rotation vegetable varieties on the fl oating garden which are important for household 
foods, nutrition and alternative income generation. Not less than 31 different vege-
table varieties can be cultivated in the garden depending on water depth and dura-
tion in monsoon and winter seasons. Of the vegetables, there are spinach, beans, 
cabbage, cucumber, eggplants etc. which becomes harvestable within 20–25 days of 
the transplanting. The signifi cant note of the practice is three to four times high 
yielding capacity of vegetables around a year than soil based production system. 
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 To some extent the practice is observed in water logged lands and adjacent 
homestead areas. Farmers who are entirely dependent on agriculture, receiving dou-
ble benefi ts by using the organic residual of the garden even after water recedes for 
winter vegetation in farming lands. To adapt to frequent and intense fl oods and 
water logging areas, fl oating garden practice is increasingly found as an alternative 
and easily replicable land use technique for household income generation in 
Bangladesh. With the external support and improved knowledge the practice can be 
strengthened with sustainable benefi ts as asset to adaptation of seasonally vulnera-
ble people.  

14.4.5     Cage Culture 

 The practice has been introduced in inundated and water logged areas for fi sh pro-
duction. With submergence of agricultural lands and seasonal wetland, the cage 
system has been effective, alternative and small scale income generation source for 
farmers and single family. The cage is rectangular or square shaped and prepared 
with net that can be submerged in 2–3 m water. The cage can be locally purchased 
with nominal cost and no additional materials. The fast growing fi sh larvae or fi nger 
lings with food is put inside the cage where it can grow up in natural aquatic habitat. 
This is possible for a family to harvest matured fi sh for household consumption as 
well as market sell in 8–12 weeks. The production and benefi ts by cage culture can 
be increased depending on the numbers of cages are practiced in private and public 
common lands. 

 The signifi cant advantage of the culture is to adjust with tidal inundation and 
water logged risks in coastal and fl ood prone areas of Bangladesh. Without agricul-
ture farming opportunities, there would otherwise be no functional livelihoods of 
majority people in this period. The minimum livelihood activities can be secured by 
the practice as regular income to marginalized farmer families. The practice neither 
requires additional knowledge and cost, nor much labor and so women can also 
adopt the practice easily. There are no environmental risks in the practice and lack 
of viral infestation in the fi sh culture. People can multiply the economic benefi ts of 
the system by investing income in consecutive agricultural farming as a part of short 
to mid-term adaptation practices. The adaptation practices is signifi cant response to 
growing water related climatic stress where promotional trainings and access of 
marginalized and landless people to submerge and community based wetland man-
agement in particular seasons must be secured.   

14.5     Coastal Livelihood Adaptation: What Is Needed 

 Coastal people are increasingly adopting diverse livelihoods for adaptation which 
are related to local climatic risks and seasonal variability as well as availability of 
the resources for them to access and generate benefi ts immediately. Some of the 
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livelihoods are traditionally preferred at household level for regular or additional 
income generation. A few other livelihood practices are also found as community 
resources for group based income generation. The most striking issues of liveli-
hood for adaptation is whether these practices secure income, what extent these are 
capable for seasonal risk management (e.g., tidal inundation, water logging, salin-
ity increase etc.) and how local and external support mediate resource ownership 
for suitable benefi t distribution. Coastal communities are often forced by socio-
economic changes at large scale process which shapes their linkage to institutions 
(norms and rules) and organizations at other scales (Craig and Ruhl  2010 ). Drawing 
current evidences of changing coastal livelihoods from fi eld experience are impor-
tant for understanding, developing knowledge on existing risks to promote adapta-
tion measures. 

 Different degree of seasonal and periodical threats as well as change in tempera-
ture and precipitation are important in coastal livelihoods to understand adaptation. 
The external climate stimuli are pressing traditional practices beyond agricultural 
practices; rather than people are improving the techniques with own knowledge and 
innovation as well as supports of govt. and NGOs. The traditional agriculture and 
fi shing practice is changing in different scale of management capacity, from indi-
vidual response to community actions. Landless and marginalized farmers who 
have no options for agriculture farming or fi sh culture due to water logging or saline 
ponds, the Triple F arrangement of ditch system secures their household protein 
sources and periodical income. By protecting the ditch there is possible duck rear-
ing which can generate fi sh food and additional household protein sources. 

 People perceive the changing seasonal threats from their experience and adopt 
new information, innovative techniques and skills to blend with traditional practices. 
Changing cropping practices with respect to seasonal risks are currently envisaged 
for introducing new rice varieties to withstand higher salinity and temperatures in 
coastal areas (Ali  1999 ). Farmers are not entirely depending on agriculture, or fi sh-
ermen on pond culture and open fi shing. In several cases, people are emphasizing on 
small scale agriculture by changing cropping cultivation pattern; mixed cultivation 
with agriculture and fi sh cum duck rearing. Much of the traditional practices can 
only secure household foods and limited incomes where it has been noted of chang-
ing land uses to enhance livelihood income resilience. Traditional practices cannot 
be referred to sustainable as these are often isolated and characterized by weak 
fi nancial inputs (internal/external) and protective infrastructure (Mallick et al.  2011 ) 
for continuing the benefi ts in extended seasons. The CBACC-CF project incorpo-
rates traditional knowledge of local community for seasonal risk reduction through 
improved cropping pattern with innovative dyke system which has been found to 
increasing annual production and income beyond regular incomes. 

 The signifi cant point of coastal livelihood in current paradigm is sustainability of 
practice and actions. Among the documented adaptation experiences except the 
Triple F, many of the household livelihood practices are only managing seasonal 
risks to some extents which are neither sustainable nor increasing income to adapt 
to subsequent shocks around a year. Depending on only current practices, small 
landholders and poor disadvantaged groups can maintain coping strategies through 
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taking loan, selling labors or leasing lands (Parvin et al.  2008 ; Pouliotte et al.  2006 ), 
but integration of livelihoods pattern are important for adaptation at individual and 
community level. The Triple F model of CBACC-CF project provides integrated 
livelihood measures over seasonal risks to multiple year targeted resource manage-
ment (Nandy  2011 ,  2012 ). The practice is innovative in type, at the same time sup-
plementary to traditional agricultural cultivation or fi sh culture for income source of 
coastal people. For instance, the involved community applied their traditional 
knowledge for hanging vegetables in scaffolding system on dyke. Freshwater has 
been irrigated by themselves for shrimp farming apart from project inputs to increase 
income in extended seasons. It has been observed from the project experience that 
community based resource management can provide better identifi cation of the 
risks, shared learning and strengthening household income not on seasonal basis as 
well as annual. 

 Strengthening adaptation capacity requires blending individual skills and house-
hold capacity with external institutional supports for technological acceptance. The 
dynamic geo-morphological nature and disaster surprises in coastal areas often 
override the knowledge of local people and use of available resources to reduce the 
problems in the long-run. Livelihood expresses the capacity of marginalized vulner-
able groups to cope with climatic shocks and access to resources and technology. 
This has been possible to blend individual experiences in continuous livelihood 
development in the NAPA project. Some of the households who have very other 
limited livelihoods (farmers or landless) fi nd the Triple F practices as additional and 
only resource generating sources. The signifi cant part of the resource access and 
sharing is land ownership arrangement and external support for incorporating cli-
matic risks in building particular ditch and dyke system. 

 Evidently land is important resource for adaptation, and important for coastal 
people how to rearrange and engage its multiple uses in resource management by 
reducing the seasonal risks. Drawing experience of the NAPA project, institutional 
support for land access and knowledge transfer of improved crop varieties through 
training and awareness building can strengthen land use capacity and reinvigorate 
livelihood approach. The statement is important for any adaptation practice pro-
moted by other organizations to incorporate cost-effective values of new interven-
tions how community accepts and sustain the benefi ts in the long-term adaptation. 
To note that institutional interventions for coastal land acquirement and sharing 
among local community must be carefully followed to ensure adaptation benefi ts in 
the long-run. 

 Community can sustain livelihood benefi ts in changing climatic risks by ensur-
ing their access to local resource ownership. Depending on current resource capac-
ity, people have different level of understanding and needs for managing new 
innovation practices. While transferring innovation practice at the local level very 
often pro-poor resource distribution and selection of the right innovation is impor-
tant, and remain challenges. For instance, landless and marginalized farmers largely 
accepted the ditch and dyke arrangement as signifi cant resource than any other 
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group of people. Despite the fact, empowering particular vulnerable coastal people 
through land ownership distribution in the CBACC-CF project remains critical task. 
This is not for differentiated vulnerability and capacity of economically land owners 
that they can manage risks; the group also receives the major advantages due to their 
access to local institutions. Access to new innovation opportunity and optimize ben-
efi ts is interrelated with user interface between community and institutions. Some 
other adaptation practices (crab fattening, poly culture, fl oating garden etc.) require 
initial investment cost and labor, access to land, improved technology, skills and 
market. All these associated factors are socially and institutionally driven and often 
mediating the individual capacity whether the practice can be empowering the vul-
nerable groups. 

 Adaptation practice is mostly interlocked within institutional response for pro-
motional activities to managing observed risks in Bangladesh and less focusing on 
integrating other social constructions at community level. Making long term deci-
sions for coastal adaptation now involves consideration of both the climate change 
uncertainties and complexities and levels of stakeholder support (Tompkins et al. 
 2008 ). The NAPA project focused on institutional strengthening through capacity 
building training of local government offi cials for improving collaboration and live-
lihood input delivery. Major activities of the project are attempted to be integrated 
within the capacity and roles of four departments of Forest, Agriculture, Fisheries 
and Livestock. These departments have opportunity to share and transfer knowledge 
and resources to community and local stakeholders for integrated livelihood man-
agement. Since the project, the collaboration of these departments is increasing 
within formal structure and mostly not adequate at the community level. These 
institutions identifi ed their key adaptation roles though these are not empowered in 
policy infl uence and local resource ownership. National land use policy is inade-
quate to defi ne local institutional capacity with particular focus on coastal areas and 
develop integrated resource management. 

 Institutional networking across horizontal and vertical level is important for 
design and promotion of cost-effective adaptation interventions. In livelihood adap-
tation project, national institutions must consider changes in relevant policy to open 
up existing local institutional interface for strengthening support to implementing 
parties among them and from external departments of same level. Coastal liveli-
hoods are not only related to responsibility of few departments rather than roles of 
other local stakeholders who are involved in disaster risk management (Rawlani and 
Sovacool  2011 ). Protective infrastructure like coastal embankment and effective 
drainage maintenance can reduce seasonal water logging risks to agriculture culti-
vation. The major institutional roles of CBACC-CF project has only four depart-
ments until recently which often excludes the responses of those other government 
local institutions involved in water management. While the project initiates local 
institutional interface for adaptation, the evolving experience may be extended to 
integrate the support of other departments to reduce overriding resource manage-
ment problems in coastal areas and eventually adaption costs.  
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14.6     Conclusions 

 Coastal livelihoods require modifi cation of traditional land use and integrating 
practices with respect to risks and people’s access to adopt and continue in sustain-
able manner. Compared to isolated adaptation interventions, the CBACC-CF proj-
ect innovation created multiple opportunities through livelihood ownership as well 
as long-term resource generation. Ownership development has been important 
approach in the Triple F model which opens up particularly integrated livelihood 
practice for adaptation with the collaboration of local community which is also 
important for social empowerment of landless and marginalized households. 
Diversifi cation contributes to household adaptation in Mozambique due to fl exible 
livelihood options though inequality in access to resource and markets impeded 
resilience among the community. The dual land use system is recognized by local 
communities as pro-active livelihoods to drought risk management, but household 
size and labor intensity have characterized the benefi ts for particular social groups 
to participate in the coping strategies (Osbahr et al.  2008 ). The Triple F model can 
manifold livelihood benefi ts in the long-time scale upon ensuring effective coastal 
zone policy and responsive delivery institutions for implementation at the local 
level. 

 Livelihoods are embedded within integrated social-ecological functioning that 
enhances adaptive capacity of the system. The livelihood strategies correspond to 
different household needs in stress and post-shocking period to fulfi ll the adaptation 
gaps. People used extensifi cation, intensifi cation, diversifi cation and migration 
strategies for coping with periodical stress in Morogoroof Tanzania (Paavola  2008 ). 
However, the adaptation strategies of Tanzania has also problems in effective gov-
ernance of environmental resources; promotion of market participation to stimulate 
both agricultural intensifi cation and diversifi cation of livelihoods; and building 
human capital. Coastal people are increasingly adopting diverse livelihood practices 
at household level in Bangladesh. The livelihood strategies have few weakness 
which are focusing only seasonal climatic risks without incorporating long-term 
climate dynamics, social and ecological changes. Use of advanced climatic infor-
mation, irrigation and salinity management, and integration of single livelihood to 
multi-level resource generation required within existing adaptation practices of 
households. Contrary to the point, the Triple F model has substantially focused on 
integration and protection of livelihoods through capacity building of community 
and households equally. Adaptive capacity is interconnected at different scales and 
depending on degree of response from both individual and community as well (Smit 
and Wandel  2006 ). The spontaneous interaction of community and individual has 
advantages in livelihood adaptation for raising voice in service claim and access to 
potential political and economic institutions. 

 The adaptation innovations relate to the emerging threats of livelihoods in chang-
ing climate and institutional capacity to progressively responding through appropri-
ate technology to the demand (Rodima-Taylor et al.  2008 ). Social acceptance of 
innovation, livelihood patterns and strategies shows a great potential for analyzing 
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climate action in the complex and multi-scale actor environments. Most adaptation 
measures need to be cost-effective for institutional deploy around community level 
as well as within much of their capacity to accept and promote at individual context. 
Community invested their time and labor in developing the ditch and dyke system 
for diverse resource generation in the Triple F model. In spite of that, the land use 
innovation practice cannot be said fully cost-effective until initial institutional sup-
port to local people is providing additional fi nancial and technical benefi ts of par-
ticular marginalized social groups for their regular livelihood activities. This is 
equally important consideration in introducing other practices including crab fattening, 
fl oating garden and poly culture whether marginalized farmers can invest fi nances 
and technology, and then develop capacity to optimize the successive benefi ts. 
DaCosta and Turner ( 2007 ) emphasis on sustainability of the new practices for sam-
pan dwellers is a matter of fact in Vietnam due to fi nancial and natural risks in the 
fl ood prone areas as well as water contamination in the raising aquaculture ponds. 
The resettlement arrangement of sampan dwellers provides insuffi cient lands and 
aquaculture system only considers current income generation. Building fi nancial 
capital through the aquaculture ponds would take long-time to ensure their future 
adaptation capacity. 

 Attention to social actors with their diverse interests, perceptions and purposes 
helps to contextualize the notions of community and participation. Local networks 
and associations, and the relationships and patterns of reciprocity and exchange, are 
therefore paramount to building adaptive capacity. The community based livelihood 
approach can transfer knowledge and best practices and improve risk management 
capacity at individual context as well. Edwards and Wiseman ( 2011 ) emphasize on 
community adaptation through proactive, intentionally transformative capacity to 
address the future shocks. The ditch and dyke approach was based on community 
level decision making which alternatively improves individual capacity to share and 
learn from others for transferring knowledge in seasonal crop diversity, application 
of organic manure as well as fresh water irrigation to enhance future livelihood 
benefi ts. Drawing the Triple F experience, any innovation practice may be assessed 
at the community level for effi ciency and acceptability while also disseminating 
individual best practices as part of knowledge for others. 

 A signifi cant institutional barrier exists in clarifying authority and improving 
coordination, or insuffi cient public involvement and deliberative processes for 
legitimate and accountable coastal resource management (Lebel  2012 ). Existing 
social and economic level of individual families and their access to institutions and 
market remain important determinants with innovation practices. The effective 
claim- making on local resources as well as policy support from public institutions 
are essential part of adaptation strategies for enhancing the climate resilience of the 
poor. There are often lack of coastal policy review, local institutional monitoring 
and vested resource interests of particular groups also underscoring livelihood 
risks of marginalized stakeholders at different levels. Local community experi-
ences in project implementation and effective actions demonstrate relevant basis 
for systemic policy changes at a national level (Sieghart and Ganapin  2011 ) and 
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also fosters partnership with govt. agencies, powerful resource users and other 
stakeholders. 

 Large-scale actions strengthen local governance and community groups respon-
sible for managing coastal resources, improvements in coastal infrastructure, and 
migration to non-coastal areas (Cinner et al.  2012 ). Medium-term investments in 
institutional capacity building (i.e., fi nancial planning and management, knowledge 
and information sharing) and cross-scale linkages will likely be critical to facilitat-
ing the success of these emerging institutions. Collaborative Triple F arrangement 
demonstrates potential inter- and intra-institutional integration and better under-
standing for climatic risk reduction responses through productive and protective 
coastal land management with local communities. Informal institutional collabora-
tion has been strengthened among government agencies to the extent for imple-
menting and monitoring of the livelihood system in coastal areas. The new form of 
institutional adaptation interface exists in only early stage and so inadequately 
equipped with the required policy changes for sustainable livelihood management 
in coastal areas. The short-term experience of the project must be opened up for 
sharing with and/or involving many other infl uential social and political stakehold-
ers who may have divergent roles in policy making and local resource management 
process and proliferate the adaptation initiative.     
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    Abstract     Bangladesh is confronting multitude threats of climate change related 
extreme events. The decadal observation provides strong evidences of climate 
changes in terms of excessive or minimum rainfall events, changing frequency and 
intensity of fl oods, cyclone and tidal surge, and sea level rise have been gradually 
increasing fast and slow impacts. The cyclonic wind and tidal surges along coasts; 
or fl oods and river erosion in fl oodplain areas already incurred severe degradation 
and loss of the associated ecosystem services. Coastal ecosystems are dynamic and 
possessing different resources including accreted lands, mangroves, estuaries, rivers 
and seas which are contributing to a range of productive and protective functions in 
Bangladesh. By contrast, extreme events and climate changes are increasing impacts 
persistently on coastal resources at different degree and scale through disaster that 
causes severe damages of protective mangroves; salinity intrusion and tidal inunda-
tion height degrades regenerative functions and land use productivity. Mostly 
coastal resources are highly sensitive to climate changes that results signifi cant loss 
of traditional land uses for agriculture or fi shing, and eventually weaken the capac-
ity of the protective ecosystem and community for adaptation. Protection of coastal 
livelihoods through physical embankment or mangrove afforestation for land stabi-
lization was already recognized to be effective measure in Bangladesh without 
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understanding sustainability and dynamic capacity of these interventions for 
adaptation of local communities. Adaptation in coastal areas is increasingly becom-
ing complicated and diffi cult to isolate any of the social and ecological activities 
which required integrated resource management and land use planning for long- 
term adaptation. There are needed understanding protective and productive uses of 
coastal lands for integrating ecosystem into adaptation and sustaining community 
benefi ts. The paper presents potential roles of coastal land uses for ecosystem based 
adaptation in Bangladesh. The paper addresses some emerging adaptation and resil-
ience perspective in coastal ecosystems followed by sharing experience of an 
innovative land use pattern, and discussed the diversifi ed benefi ts of conservation, 
livelihood sustainability, community integration and institutions for ecosystem 
based adaptation. The potential role of ecosystem based adaptation is integrated and 
protective resource management approach through transformative land use system, 
building community ownership and resiliency of coastal forests. Decentralized roles 
of community and local institutions in participatory decision-making of land uses 
and climatic risk management offers fl exibility and renewal opportunities and 
enhance sustainability of protective coastal ecosystems. Community based resource 
governance not only ensures ecosystem based adaptation locally, but also contrib-
utes to managing dynamic social–ecological system in coastal areas as well as 
global mitigation.  

  Keywords     Climate change adaptation   •   Coastal ecosystems   •   Land use   •   Resilience   
•   Transformation  

15.1         Introduction 

 Climate change induced shocks are largely shaping coastal ecosystems into 
extremely vulnerable states (Klein et al.  2000 ). Climate related shocks and extreme 
events increase vulnerability of low-lying coastal regions including deltaic plain 
and Small Island countries (Nicholls et al.  2007 ). Bangladesh, one of the great 
deltas in the world possesses a 710 km long and exposed coastline. Coastal ecosys-
tems represent opportunists’ roles to local and national economic growth in 
Bangladesh though morphological shifting of coastal boundary and extreme events 
has threatened social and ecological functions in spatial and temporal scale (Nandy 
 2010 ). Drawing inter govermental Panel on Climate Change (IPCC) evidences of 
climatic risks in coastal ecosystems Bangladesh has much relation to increased sea 
surface temperature; change in storm frequency, intensity and track; altered wave 
and water runoff; and sea level rise (Nicholls et al.  2007 ). These changes will have 
consequent effects on ecosystems and eventually affect socio-economic systems in 
the coastal zone. While majority of coastal population possess highly climate sen-
sitive livelihoods in Bangladesh, particular poor and marginalized groups are losing 
adaptation capacity to manage current and long- term shocks and uncertainty due to 
inadequate access to natural, fi nancial and institutional assets. 
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 Coastal ecosystems provide a range of ecosystem services which are important 
for adaptation and building resilience (   Adger et al.  2005a ,  b ). Unsustainable use and 
unrestricted development of land and resources for maximizing the fi nancial benefi ts 
results not only in the depletion of the resource stock or fl ow provided, but also in 
the inability of other functions to perform to their full potential such as protection 
against the sea, habitat for many species and food for many people (Klein et al. 
 1998 ). Different studies referred to community-led local resource protection can 
draw participatory collective actions (Allen  2006 ; van Aalst et al.  2008 ) and con-
serve valuable ecosystem services for livelihood risk reduction and long-term 
poverty alleviation (Christoplos et al.  2009 ) to deal with climate change impacts 
and build resilience of socially disadvantaged communities. But, potential uses of 
coastal resources and adopting sustainable livelihood practices for vulnerable social 
groups remain great challenges in prior to adaptation in Bangladesh. Many litera-
tures referred fragmented resource management in coastal ecosystems focused 
on structural protection (Agrawala et al.  2003 ; Hossain et al.  2012 ) and ignored 
social construction and ownership pattern in local resource governance (Nandy 
and Islam  2010 ) which decrease adaptation capacity of marginalized community 
in Bangladesh. 

 Participatory resource management can improve environmental integrity, eco-
nomic effi ciency of actions and equity for local community in sustainable benefi t 
distribution (Nandy and Islam  2010 ). Ecosystem Based Adaptation (EBA) is an 
emerging integrated ecosystem approach to protect and manage natural resources 
for producing sustainable goods and services (Vignola et al.  2009 ; Sterrett  2011 ). 
The approach addresses restoration of critical ecosystem services through inte-
grated resource management with multi-dimensional social and ecological opportu-
nities of coastal communities. The signifi cant role of EBA is to involve diverse 
stakeholders to reduce climatic risks and underlying threats on ecosystem services 
for enhancing resilience and adaptation in dynamic ecosystem. The paper refers the 
“Community Based Adaptation to Climate Change through Coastal Afforestation 
(CBACC-CF) project” as a case study to present its innovative land use and adap-
tion practices to discuss the role of EBA in coastal areas of Bangladesh.  

15.2     Adaptation to Resilience: The Need 
for Transformational Change 

 Coastal ecosystems are highly dynamic interface of sensitive ecological and social 
processes between land and sea across the globe (Klein et al.  2003 ). Adaptation in 
coastal ecosystems is much complicated due to interrelated diverse ecological and 
social functions rapidly evolving with morphological changes (erosion and accre-
tion) and human interventions in different scales (van den Bergh and Nijkamp  1998 ; 
Klein et al.  2000 ). Adaptation can be explained for ecological and social aspects in 
coastal ecosystems to how particular attributes of these systems are vulnerable and 
adapting to current and future shocks (Klein et al.  1998 ; Adger  2006 ). Ecological 
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perspective of coastal adaptation is how and what capacity of species is available 
for responding and functioning to certain (sediment fl ow) and sudden (wind and 
water wave) external changes. Ecological adaptation has further connotation not 
only to adjustment, but also reorganization capacity and multi-equilibrium domains 
of ecosystems which is related to resilience (Berkes and Folke  1998 ). Post- disaster 
recovery and regenerative functions of mangrove species are important aspects of 
ecosystem adaptive capacity (Ingram et al.  2006 ). 

 Socially viewed coastal adaptation determines communities’ ability to adjust 
with observed coastal changes; climate related stress and projected uncertainty like 
sea level rise (Fussel  2007 ). Adjustment to current shocks and looking forward to 
adapt to future risks is important for understanding of adaptation in social systems. 
Adger et al. ( 2009 ) stresses on scales and actors are important for understanding 
appropriate adaptation. Coastal communities have cultural legacy to adapt in the 
past years with own understanding of cyclonic risks, timely migration to safe shelter 
and avoiding loss of property in Bangladesh. Community accepts new adaptation 
inputs or technologies as adaptation measures which may fi t to particular social 
settings or otherwise increase vulnerability. Indeed, access of coastal communities 
to livelihood resources (natural, economic, institutional, human and social) deter-
mines the degree of vulnerability and space for social adaptation. A range of stake-
holders including public, private businessmen, and decision-makers are engaged 
and mediating these resources at local, national and regional scales that adaptation 
of coastal communities are embedded within those social and institutional actions 
(Nandy et al.  2003 ). 

 The high exposure and sensitivity of coastal communities to climatic shocks 
expresses their more vulnerability (Cinner et al.  2012 ) and fewer options for 
adaptation. Cutter points to vulnerability as a context specifi c stress that coastal 
community face certain degree of disasters and possess level of adaptation capacity 
(Cutter et al.  2008 ). Access to social support systems, technology, protective 
infrastructure and assets are pivotal factors enhancing adaptive capacity in devel-
oped countries. By contrast neither of these supports and access to coastal societies 
are equal cases in developing and least developed countries and particular marginal-
ized coastal communities. For example, Bangladesh and The Netherlands share a 
similar physical susceptibility to sea-level rise threats. But, Bangladesh lacks 
economic resources, technology, and infrastructure where the Netherlands can call 
on to respond to the potential impacts. However, having adaptive capacity is no 
guarantee that it is used successfully. In this respect, the development and use of 
new and existing scientifi c information to address the gaps in adaptation measures 
are especially important. 

 Adaptation process involves multilevel governance from international policy to 
national strategy development and implementation at local level. Adger ( 2003 ) 
emphasizes on social capital through building networking and trust among govern-
ment, civil societies and community groups substitute responsibilities to take adap-
tation actions in collective manners. In several literatures local level has gained 
valuable currency for appropriate ground of adaptation measures (Wilbanks and 
Kates  1999 ; Naess et al.  2005 ; Agrawal et al.  2008 ). There has reasonable 
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acceptance for vulnerability as a localized phenomenon and adaptation interventions 
affect relatively community. Communities perceive the most underlying root causes 
of vulnerability on livelihoods and can address their current capacities available to 
cope and deliver information needed for taking adaption actions (van Aalst et al. 
 2008 ). Adaptation design developed from bottom is socially acceptable and cost-
effective practices for communities to adjust with vulnerable situation (Adger 
 2003 ). Community based adaptation (CBA) is increasingly drawing attention in 
many of non-gov. and govt. department programmmes to identify local disaster risk 
and climate related problems and fi nd solutions locally. CBA has been a practical 
approach of Community Based Disaster Preparedness (van Aalst et al.  2008 ), 
Community Risk Mapping (Reid et al.  2009 ) and adaptive strategies for coastal 
community through resource mobilization, using social capital and access to formal 
and informal networks for receiving information and skills to anticipatory adapta-
tion (Ensor and Berger  2009 ). 

 Adaptation response satisfi es certain purposes of social and ecological systems 
(Adger  2003 ). Individual behavior and institutional interplay with society determine 
the mode of adaptation whether it should be autonomous or planned. Adaptation 
literatures recognized communities adapt to social and environmental stress autono-
mously with their resources and knowledge to survive without external inputs 
(Tompkins and Adger  2004 ; Fussel  2007 ). Planned adaptation is related to anticipation 
of climate related risks for pre-arranged measures. Coastal adaptation responses 
have long-time followed three practical techniques for: protection; accommodation 
and retreat. Protection response provides protective structures of natural resources 
followed by building hard or engineering structures like sea wall (dike in Dutch/
earth embankment in Bangladesh) for protecting land from sea and continuing land 
uses and functionalizing different services from coral reefs, agriculture, freshwater 
and forest products Accommodation is about the continuous adjustment practices 
through beach nourishment; elevating the house plinth; cultivating fast growing and 
salt tolerant crops. Retreat undergoes abandonment of any undesirable coastal areas 
without further interventions. 

 A set of adaptation responses without integrated understanding ecological and 
social process address coastal vulnerability in narrow ways. The early interventions 
of adaptation technologies are protection oriented which have considered for 
managing sea level rise and fl ooding risks. Much in adaptation for monitoring and 
evaluation feedback (Nicholls and Branson  1998 ), learning and innovation are not 
equally accepted in coastal development process. Shoreline management and 
reclamation of coastal lands have attenuated for agricultural and industrial settle-
ment in Netherlands. The response is alternatively shaping coastal natural system 
into disequilibrium state that is likely to be collapsed with changed sediment fl ow 
and lack of additional measures. Building dyke (coastal embankment) is hard 
adaptation measure for reducing impacts of storm surges in coastal areas of 
Bangladesh. Neither of the dykes was designed taking account of climatic scenarios 
in particular of storm surge frequency and height and inundation regime and cre-
ated trade-offs like water logging with inundation and salinity intrusion inside 
of the embankment. 
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 Our understanding of coastal ecosystems is less developed and limits to effective 
adaptation plan due to its large scale and process. The signifi cant constraint of 
coastal management is to defi ne how different constituents in the complex system 
respond to climate changes and adaptation measure (Nicholls et al.  2007 ). Adaptation 
practice is likely to face surprises of climate related disasters and needed for nursing 
of present actions and innovating from past learning towards resilience coastal 
ecosystems (Tschakert and Dietrich  2010 ). Social and ecological processes of 
coastal ecosystems are closely interactive that adaptive strategies must be analyzed 
within an integrated resilience framework than isolated development interventions 
(Klein et al.  1998 ). Coastal adaptation needs to look broader scale of resilience lens 
for simultaneous evolving of social and ecological capacity. Enhancing resilience is 
appropriate for adaptive measures in integrated social–ecological system. 

15.2.1     Coastal Ecosystem Resilience 

 Resilience is the capacity of social and ecological system to absorb climate related 
shocks, continue function and reorganize (Walker et al.  2004 ). The resiliency 
approach builds partly the capacity of coastal ecosystems as integrated and complex 
system to persist with perturbations (catastrophic events and human activities) without 
diminishing critical and diverse functions which is either needed for sustaining eco-
logical process and delivering resources to social well-being or both. Resilience 
perspective promotes shifting policy towards more fl exible and adaptive manage-
ment of coastal ecosystems. There are reasons that frequency of hazards is increas-
ing and turning into disasters and decreasing the resilience of the coastal ecosystems. 
There are much adaptive strategies required to retain ecosystem functions with 
coastal morphological changes and climatic and societal dynamics (Adger et al. 
 2005a ,  b ). Managing resilience is likely to enhance adaptation capacity to disaster 
surprises and climate related uncertainty beyond current predictions and manage-
ment interventions (Berkes and Folke  1998 ; Berkes et al.  2003 ; Walker et al.  2004 ). 

 Ecological resilience relates to understanding the role of biodiversity, functional 
and response diversity of species and habitat connectivity in changing climatic and 
human induced stress. Diversity of species is vital for absorbing shocks and regen-
erating from and aftershocks of tsunami, cyclonic shocks and slow onset disasters 
in coral reefs or mangrove ecosystem. Some of the species are likely to be redun-
dant during coastal ecosystem development though these provide post-disaster hab-
itat connectivity for regenerative ecosystem functions of mangrove species (Islam 
and Nandy  2001 ). Nandy et al. ( 2004 ) noted that source of regeneration, quality 
seed and species diversity has been crucial to improve ecosystem function of man-
grove plantation regime in Bangladesh. Mangrove afforestation led by pioneer spe-
cies Keora ( Sonneratia apetala ) is affected with disease infestation and wind and 
storm shocks which reduces functional capacity of mangrove ecosystem in 
Bangladesh (Nandy  2003 ). Introducing ten commercially productive mangrove 
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species for differently inundated coastal habitats are experimented for second 
rotation and under-planting with  S. apetala  to improve diversity in plantation forest 
as well as after careful consideration in natural mangroves of Bangladesh (Islam 
and Nandy  2001 ). 

 Distribution of functional groups and response diversity offers renewal and reor-
ganization of the ecosystems within and across the connected coastal ecosystems. 
The adaptive response of coastal ecosystem to climate change has key resilience 
attributes that: focus on buffer capacity than attention on traditional recovery rate 
(e.g., mangrove succession pattern after disaster, or in deforested lands for shrimp 
farm or salt pan in tropical countries); shifting regime from single to multiple 
domain of attractions for overfi shing cause collapse of fi sheries or coral reef into 
undesirable states. The single domain management of coastal ecosystem is restrain-
ing our perceptions and adaptation boundary to current climate changes. 
Technological interventions already lapsed to interconnect the ecological process 
with future morphological changes and climate related events. Resilience provides 
opportunities to coastal adaptation for simultaneous change and development with 
optimal management interventions. 

 Adger ( 2000 ) defi ned social resilience as the ability of human communities to 
withstand external shocks to their social infrastructure, such as environmental 
variability or social, economic and political upheaval. Social resilience, including 
institutions for collective action, robust governance systems, and a diversity of live-
lihood choices are important assets for buffering the effects of extreme natural 
hazards and promoting reorganization. Coastal communities that harboring knowl-
edgeable, prepared, and responsive institutions are more likely to be able to prevent 
the tsunami from making the transition from extreme natural hazard to longer-term 
social disaster. For instance, fi shing communities on Simeulue Island, west of 
Sumatra and close to the epicenter of the earthquake causing the tsunami, and on 
Surin Island, Thailand, survived the tsunami thanks to inherited local knowledge of 
tsunamis and to institutional preparedness for disasters. 

 The early resilience perspective emerged from a stream of ecology that addressed 
system dynamics, in particular ecosystem dynamics, and where human actions 
became a central part of understanding the capacity of ecosystems to generate natu-
ral resources and ecosystem services (Folke  2006 ). The early inclusion of humans 
as agents of ecosystem change distinguished this ecosystem oriented branch of 
ecology from the main stream ecology profession. The main stream excluded 
humans or treated human actions as external to the system and consequently the 
interdependencies and feedbacks between ecosystem development and social 
dynamics, and their cross scale interactions, were not on the table. Coastal adapta-
tion is largely focusing on social system without addressing trivial ecological func-
tions. Resilience thinking guides coastal adaptation to respond beyond social 
domain to more cross-scale interactions in linked social–ecological system (Folke 
et al.  2005 ). The variables and processes that structure coastal ecosystem dynamics 
and sources of social and ecological resilience have to be understood and actively 
managed to adapt to and deal with the interplay of gradual and abrupt change.  
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15.2.2     The Transformational Change in Coastal Ecosystem 

 Coastal ecosystems are infl uenced by dynamic biophysical and social factors which 
require understanding factors triggering for desirable transformation. Global climate 
change shapes rapid transformation in coastal ecosystems due to dynamic and func-
tioning complexities. Climate change creates large scale uncertainty where trans-
formability is important towards improved social–ecological system (Folke  2006 ) 
beyond current adaptation management. Coastal transformability is the capacity of 
social and ecological system to create new stability domain and fostering resil-
ience in policies and responses. Folke et al. ( 2010 ) defi nes transformation as 
shifting any social–ecological system into new domain, and development trajectory 
when existing one is untenable with human and natural induced shocks and man-
agement failures. Transformation in any social or ecological system is triggered by 
particular extreme events, human induced over harvesting of resources like fi shing 
and global warming. 

 The signifi cant approach of transformation is common with resilience thinking 
that indicating crisis as an opportunity for development in social–ecological system. 
Disturbance is needed to integrate within coastal development as an opportunity and 
assessment of reorganization pace through social–ecological lens. In many coastal 
systems post-disaster social attributes including land tenure, access to resources, 
alternative livelihoods remain complicated governance issue and needs priority in 
adaptation plan for defi ning broader social–ecological framework. Decision-makers 
has opportunity for emphasising on scientifi c evidences and examining current 
capacity of coastal ecosystem to determine the threshold point before regime shift 
and select alternate states for future service generation. Non-linear behavior of 
coastal ecosystems is unavoidable due to increased human interventions aggravated 
climate related stress (Janssen and de Vries  1998 ). From single steady state to 
multiple basins of coastal ecosystems is growing management interest while devel-
oping coastal adaptation plan and maximizing potential values through ecosystem 
transformation. 

 Transformation in coastal areas is largely granted due to multi-scale interaction 
and regenerating capacity essential in natural and social sub-system for responding 
disaster and producing goods and services for human livelihoods (Adger et al. 
 2005a ,  b ).    Olsson et al. ( 2004a ,  b ) identifi es following three phases of transforma-
tion: current sources and factors around the social–ecological system to determine 
the changes required from crises; navigating the transition with past experiences and 
learning to assess the relative merits in new domain; and innovation practices for 
building resilience in new development trajectory. Coastal transformation requires 
engaging stakeholders for identifying climate change related problems and barriers 
to development and ultimately fi nding consensus solutions (Tompkins et al.  2008 ). 
The transformational changes of coastal ecosystems can start as majority of stake-
holders agree that existing land use system is non-functional due to disaster and 
persistent environmental stress and they need new development trajectory. 
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 Coastal transformation may begin from small ecological (mangroves) and social 
(i.e., fi shermen) scale management to draw feedback effects and learning for man-
aging large scale development options. While transformation is important to avoid 
stress and select new land use practices or natural resource management, there is 
counter challenges among winners and losers to optimise the outcome. The risks of 
any negative outcomes in new arrangement must be carefully planned with multi-
stakeholder consultation to assess the outcome level with transparent navigation 
and foster resilience for broader social interests. Transformation can be led either by 
deliberative or forced way depending on scales of responses and preparation of the 
communities and institutions to shift into new regime. Salinity affected coastal 
lands can be transformed into productive regime by following small scale interven-
tions at local level to leading gradual effects for large scale policy response. Change 
in subsidence and snow-melting induced erratic run-off is affecting deltaic regions 
and falls beyond the local and national management to broader institutional arrange-
ment (Klein et al.  1999 ). 

 Transformational change in coastal ecosystems offers novelty in practices and 
adaptive decision making, shifting perceptions from conventional resource manage-
ment approach to new networking and institutional arraignment to shape desirable 
trajectory in climate change context. Dietz et al. ( 2003 ) call for transformation of 
ecosystem management into adaptive governance for managing integrated social–
ecological system. Coastal ecosystems need emphasis on extending management 
focus from conventional approach to adaptive governance that consists of heteroge-
neous interests of human agents and their networking. New policy and practices 
comprise integrated institutions for managing diverse actors and dynamic morpho-
logical and ecological changes into alternative regimes.   

15.3     Innovative Coastal Land Use Pattern for Adaptation 

 Bangladesh government is currently implementing the fi rst global LDCF adaptation 
(CBACC-CF) project to reduce climate induced vulnerability in coastal areas 
through enhancing resilience of communities and protective ecosystems (Nandy 
and Ahammad  2012 ). In the project, innovating coastal land use system for com-
munity, led interventions has been envisaged as key measures to reduce climatic 
vulnerability and enhance adaptation. The project has selected fallow govt. coastal 
lands to convert into multiple resource generation in Bangladesh. Most of these 
lands are biophysically formed by sedimentation deposit, stabilized with mangrove 
plantation and shaped into char lands. Mangroves stabilized part of these lands with 
vegetation, but a signifi cant part of these lands remain underutilized due to less of 
suitability for afforestation, exposure to soil salinity and tidal inundation. Of these 
lands, only 40 % are cultivated with agricultural crop for single season (4–5 months). 
With inundation of neap and spring tides, soil-salinity grew higher in the lands for 
signifi cant months of a year that neither agricultural practices nor afforestation with 
mangroves and main land species are possible. Irrigation of freshwater was also 
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scarce in dry season for cultivating agriculture and salinity reached higher in 
groundwater of the coastal zones (Rahman et al.  2011 ). There is fact that less than 
30 % of coastal lands can be irrigated which is lower compared to average 50 % of 
the country (Mia and Islam  2005 ). The project has occupied these land type as oth-
erwise underwent to encroachment by local elites and remain unproductive and 
inaccessible for marginalized and landless coastal people. 

 The new land use approach successfully restores substantial size of vacant, ille-
gally occupied and periodically inundated coastal lands into productive resource 
regime in two coastal districts of the project sites. Substantial parts of these fallow 
lands were open access govt. property without ownership title and captured by 
local elites through encroachment for further deforestation (CBACC-CF  2012 ; 
Nandy and Islam  2010 ). As coastal people are affected with climate change related 
risks and lower land productivity as well as inequality of land distribution, there has 
been possible to optimize the highest uses of limited lands and involve climate 
change affected vulnerable people. The newly practiced livelihood interventions in 
the land use system multiply social and economic opportunities and benefi t land-
less communities. The signifi cant part of the approach is multiplication of land uses 
for forestation, fi sh and agricultural cultivation and livestock rearing activities and 
eventually developing participatory ownership to provide adaptation practices 
(Nandy  2011 ). Most of the land use in coastal areas is dominated by horizontal 
expansion of agricultural practices or fi sh culture by shrimp farming, which are 
also threatened with changing climatic risks. The approach opens for vertical land 
management for ditch fi sh cultivation at the lower level and vegetation with horti-
culture and forestation on the top of dyke. 

 Land use pattern is technically based on preparation of ditch and dyke structure 
by involving local communities (Fig.  15.1 ). There are pro-active opportunities for 
involving coastal communities at the initial stage of consultation and motivation at 
local level for their initial engagement in land preparation works. The project has 
strong emphasis on community involvement in successive steps of land preparation 
as community provides 50 % of the cost through their labors. Two way benefi ts are 
ensured in the development approach for immediate cash for work to subsistence 
families and subsequently long-term engagement with adaptation user groups. 

  Fig. 15.1    Periodically inundated and fallow coastal lands are arranged for ditch and dyke uses       
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  Fig. 15.2    Vertical land use approach for coastal adaptation       

The long-term land user groups are entitled to a one ditch and dyke after preparation 
for 10 years agreement with renewal opportunities depending upon performance. 

   The connected ditch and dyke structure has reduced salinity ingress in the agri-
culture lands during high tide (Fig.  15.2 ). Dyke vegetation with advanced agricul-
tural crop and fruit varieties, and forest species renovated local land uses for 
sustaining provisioning services and conserving natural resources in environmen-
tally constrained coastal areas. With the technical support of local govt. departments 
benefi ciary families received training and improved crops, fruit seedlings, fi nger-
lings and forest trees. All these are integrated with respect to seasons and suitability 
of land for cultivation. The combination of upper and lower land utilization is 
replacing one another for providing alternative livelihood measure to coastal com-
munities, particularly for managing income risks in lean period or erratic shock 
appeared by heavy precipitation or tidal inundation.

   With the support of local institutions, community ownership on 112 ha of coastal 
lands (stabilized char lands behind mangrove forest) has been arranged for income 
generation of landless and marginalized families. The collaborative livelihood 
arrangement accommodates 8–10 families/ha and appears as rational land use 
(Nandy  2011 ). The level of association in the project implementation and compet-
ing interests among local agencies infl uence their roles in land use integration. 
The implementing local govt. departments considered that the livelihood of 
people living surrounding mangrove plantation areas highly depends on climate 
sensitive sectors like agriculture, forestry, fi sheries and livestock. The impact of 
climate change to these sectors contributed to the low adaptive capacity of these 
coastal communities. Though about 60 % of people are directly involved with agri-
cultural activities in coastal areas, 30 % of them have only homesteads or no land. 
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 This newly developed land use practices explored options for income generation 
and sustaining fl ow of resources (Nandy and Ahammad  2012 ). The new land use 
technique increased manifold production from agriculture in raised dyke system 
over traditional and highly rain fed cropping. Given the land use pattern, a family 
increases household adaptive capacity through generating at least $1,000 USD/fam-
ily/year additional income in addition to their routine livelihood activities. There are 
currently used these fallow lands for short-term, mid-term, mid to long term and 
long term basis. While considering time variation for protection of land use is con-
tributing to the recurrent income generations that ultimately leads to the livelihood 
sustainability and increase the adaptive capacity of these poor coastal communities. 
Since the project begins land ownership has been transferred to coastal communities 
with tenure for diversifi ed livelihood practices. The land use model is framed for 
diversifying livelihood in ditch and dyke system to promote adaptation practices. In 
each hectare of lands, eight (8) ditches and nine (9) dykes are developed and distrib-
uted to 8 families for ten (10) years land ownership agreement with renewal oppor-
tunities depending upon benefi ciary performance. The signifi cant part of this 
approach is community providing 50 % of the labor cost by working themselves in 
earth excavation for ditch and dyke development. 

15.3.1     Synergies of Coastal Land Use for Ecosystem 
Based Adaptation 

 Ecosystem-based adaptation promotes the arrangement of adaptation policies and 
measures that take into account the role of ecosystem services in reducing the vul-
nerability of society to climate change, in a multi-sectoral and multi-scale approach 
(Vignola et al.  2009 ). The current experience shows the potential lessons of EBA 
approach in Bangladesh through land restoration for critical ecosystem services 
with social and ecological opportunities of coastal communities and mangroves. 
Coastal ecosystems are traditionally managed under fragmented institutional 
responses for land, water and mangrove forest resources without understanding 
conservation and generating important ecosystem services for adaptation in 
Bangladesh. Integrating adaptation measures through innovative and diversifi ed 
coastal land use with afforestation and community led livelihood practices can be 
producing sustainable goods and services (Nandy  2010 ; Nandy and Ahammad 
 2012 ). The project integrates mangrove land restoration and alternative user values 
for producing ecosystem goods as adaptation measures to coastal communities. 
Some salient features of the land use practices with potential scopes for EBA can be 
protective land use; facilitating transformation of the practices; community integra-
tion within ecosystem functioning at temporal and spatial scale for fl exible deci-
sion-making and participatory local resource development; multi-stakeholder 
institutional space; adaptive management etc. 
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15.3.1.1     Protective Land Use and Conservation for Coastal Adaptation 

 Coastal natural resource uses dominate primarily subsistence agriculture for food 
production, e.g. rice cultivation along with some cash crops, and coastal fi sheries, 
which provide a major food and income source. Of the 2.85 ha of total cultivable 
coastal lands, not less than 1 ha remains fallow and unproductive for generating 
ecosystem services due to salinity in dry seasons and lack of fresh water (Karim 
et al.  1990 ). The rain fed  Aman  is the dominant single rice crop traditionally used by 
coastal communities. Due to chronic threats of extreme climatic events, even minor 
changes in seasonal precipitation and salinity intrusion large sizes of coastal lands 
remain less productive for cultivation more than single crop (Rahman et al.  2011 ). 
Anthropogenic activity of shrimp farming and salt pan also caused severe land deg-
radation with loss of natural mangroves and biodiversity in south-west and east 
coastal zones (Islam and Ullah  2012 ). From 1980 to 2000, shrimp farming has rap-
idly increased and caused conversion of approximately 141,353 ha of agricultural 
lands and adjacent natural mangrove areas (Bala and Hossain  2009 ). The extensive 
use of shrimp culture techniques and salt intrusion largely disturbed natural soil-
salinity balance in coastal ecological system. As result, loss of natural mangroves is 
highly likely to threaten the subsistence livelihoods of marginalized group and pri-
mary habitat of shrimp fry and other fi shes. All these problems affect with different 
degree of intensity where careful planning and preventive measures in coastal land 
management refl ect the co-evolving human and natural system for EBA. 

 Extreme events with climatic variability are reducing the ecosystem functions and 
social-economic activities for human well-being (Alongi  2008 ). EBA practices refer 
to shift development thinking from conventional coastal land management to com-
munity based conservation regime. Land use in coastal zone requires crop selection/
development of salt resistant variety and diversifi cation of the practices to ensure the 
protective land use and maximum benefi t for communities (Bala and Hossain  2009 ). 
Conventional coastal afforestation programme is rarely focusing on dynamic bio-
physical and social changes around mangrove lands and management at broader 
landscape level in coastal areas (Nandy and Ahammad  2012 ). Considering factors 
like increasing population, changing economic activities, competing land- uses and 
low return from forest trees, alternative use of coastal lands in more profi table way 
are part of scientifi c investigation and policy as well as important for adaptation 
(Iftekhar and Takama  2008 ). Restoration of coastal lands around natural and planted 
mangroves and integration within dynamic uses are not only matter of avoiding criti-
cal threshold of the resources, but also to sustain the alternatives  services for future. 

 Bangladesh is a land scarce country and relocation of vulnerable coastal people 
or abandoning the existing practices will not be pragmatic solution for disaster risk 
reduction and adaptation (Saroar and Routray  2012 ). Coastal land restoration and 
conservation for producing ecosystem goods and services is as essential as for pro-
tection of critical resources and sustaining productive roles for adaptation. Coastal 
lands can be well conserved through mangrove plantation in the fi rst place, whereas 
stabilized lands requires additional protection measures for avoiding excessive 
inundation and salinity intrusion risks and improving new livelihood practices. The 
current land use practice opened how to rehabilitate coastal lands for conservation 
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by integrated natural resource management including agricultural vegetation, fores-
tation and fi sh cultivation. Improving land use with the cost-effective arrangement 
can be productive not only for community resources as well as drawing local insti-
tutional responsibilities to combined conservation efforts. 

 Communities perceive rehabilitation of degraded coastal lands can be “win–win” 
strategy for accruing conservation benefi ts by using natural resources to produce 
adaptation resources around them. The fi nding of Saroar and Routray ( 2012 ) is 
consistent for further connotation with the new land use innovation of the project. 
The study has identifi ed the negative relationship of psychosocial adaptation with 
land holding of coastal people in Bangladesh. Infl uential factors to adaptation effi -
cacy against the impacts of climate change and sea level rise are farmland holding, 
the habit of contacting local offi cials, frequent adaptation against salinity intrusion, 
and “drier conditions”. People who have farmlands are less capable meaning their 
inability to maintain the values of coastal lands in terms of productivity and price 
confronting climate change threats. There is growing perceptions among coastal 
people that the risk from permanent inundation by saline water must degrade the 
quality of their land parcels. New sense of integrating key natural resource man-
agement within the land use will raise awareness among the large land holders and 
marginalized groups for conservation and maintain EBA beyond large scale cli-
matic threats.  

15.3.1.2     Building Land Ownership and Sustainable Livelihoods 

 Coastal land occupancies and use have taken place without little concern for 
sustainable livelihoods and practically no integrated planning at the national or, 
even less, international level in the last few decades (Cendrero  1989 ). Strict regula-
tion on non-destructive land use can balance over exploitation and promoting 
protective and innovative livelihoods can consider the coastal dynamics as whole 
and particular social, ecological and economic benefi ts for local communities. 
Hadley ( 2009 ) notes that uncertainties of sea level rise, fl ooding and erosion impacts 
are diffi cult to assessment though the competition is increasing between intertidal 
habitats and coastal grazing marsh, and between competing human land uses, e.g. 
aquaculture, recreational, commercial and agricultural uses. Coastal communities 
have limited access to diversifi ed land use techniques or improved agricultural crop 
varieties and usually depend on seasonal fi shing only. Pre-existing national policies 
of Bangladesh permits land rights to marginalized and landless groups only, which 
has no practical enforcement and regulation in resource access and use of the 
associated ecosystem services. The land use model provides rights and rational use 
pattern as key to local and national compliance of the policies and long-term live-
lihood development of coastal communities. 

 Adaptation programme has key challenge to secure land rights, adaptive liveli-
hoods or generally to say income generation sources in ecological fragile areas. 
Coastal communities largely depend on climate sensitive natural resources including 
agriculture and fi sh as the major livelihoods. Adaptation strategies must need to 
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involve the mobilization of livelihood assets, networks, and social capital to antici-
pate and to react to potential disasters (Adger et al.  2005a ,  b ). The decentralization 
policy experience in Indonesia and Brazil promotes community participation for 
coastal ecosystem management without empowering user groups and capacity 
building to access right which eventually excludes highly resource dependent 
groups from livelihoods and equity within existing social structure at the local level 
(Wever et al.  2012 ). In the context of EBA, reformation or new land use is not 
suffi cient to promote adaptation until addressed the sustainability, integration and 
values of community participation in livelihood management. The expense of land 
restoration technique or conservation should not ignore co-benefi ts of vulnerable 
and natural resource dependent communities whose livelihoods are at risk in 
coastal areas. 

 Building ownership and engaging local community in participatory form of land 
management can be signifi cant step towards EBA in coastal areas of Bangladesh. 
The land use opens new paradigm of coastal resource management to draw syn-
ergistic effects from both ecosystem and community level through conservation for 
livelihood development. Livelihood practices are arranged in proactive manner and 
considered with climate change related variability in sensitive seasons and years; 
and as a result protective income generation at different time scales. Different types 
of livelihood practices are not seen as isolated management units within the 
ditch- dyke arrangement rather integrated for drawing positive interaction and ben-
efi ting at ecosystem level. For instance, rain water harvesting and irrigation increase 
fresh water fi sh cultivation to coastal people which is securing additional income 
replacing lower agricultural land productivity and thus enhancing critical household 
resilience. There is the fact that different households have different livelihood 
strategies which they choose from their experiences and choice of profi t. The diversity 
in livelihood strategies is considered through mobilizing community experience, 
sharing knowledge and transfer of new information related to climate change risk to 
land uses, and thereby improves diversity of income generation.  

15.3.1.3     Transformation of Desirable Coastal Land Use System 

 Transformation of coastal ecosystem management from undesirable state trapped 
with disaster shocks (Adger et al.  2005a ,  b ), landlessness and poverty to benefi cial 
land use practices create forward looking to EBA in climate change context. In the 
fi rst stage of transformation, most of the coastal communities and service providing 
institutions identifi ed that the previous land use was dysfunctional and highly sensi-
tive to disaster shocks and salinity intrusion. Local stakeholders agreed on the social 
inequity in coastal land access and undefi ned management system and lack of alter-
native livelihood system with mangroves as barriers to sustainable resource genera-
tion. Land use innovation and ownership pattern in the new system is currently 
understood as essential steps for transformation toward climate change risk man-
agement. Reconfi guring coastal land use in this ways also necessitates a new learn-
ing and deliberation space for accommodating expanding environmental, societal 
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and institutional needs (Lloyd et al.  2013 ). This type of transfer for a land-based 
ecosystem planning can provide greater understanding of coastal–marine land 
dynamics, inter-relations and stakeholder–community interactions. 

 Climate awareness and motivation to effective land use infl uences people’s 
adaptation effi cacy against climatic stresses (Saroar and Routray  2012 ). The new 
adaptation initiative improved livelihood practices and social equity in resource 
generation and thus initiated new roles among community and institutions to adopt 
the system in the long-run (Nandy and Ahammad  2012 ). Community’s transforma-
tion towards EBA and conservation practices is related to how they are defi ning 
stress, participating and receiving new information and adjusting to improved land 
use practices. Though socially constructed and informal cultural legacy often 
determines their voluntary transformation capacity, it can happen through informal 
networking of individuals and collective manner with respect to the ecosystem 
based approach (Olsson et al.  2004a ,  b ). The successful adaptation experience from 
small groups to cross-learning can cause a transformation of the innovation among 
the participated members and coastal community. Large scale acceptance of the 
land use system over fallow lands requires major changes in irrigation, fertilizing 
and quality seeds and fi shes for producing additional income sources. 

 Nandy et al. ( 2003 ) emphasized on legal relationship, mutual trust and land 
ownership are signifi cant parts of building participatory resource management in 
mangrove ecosystems. This is also the possible case in the project that developing 
trust and network between local community and institutions to deploy the innova-
tion practice (Nandy and Ahammad  2012 ). Most important is developed delibera-
tive and voluntary roles of community for protection of mangroves. In fact, the land 
ownership arrangement triggered the participated community’s role for protection 
of their own livelihood resources and adjacent mangroves. Bangladesh Forest 
Department has one Forest Guard for guarding approximately 3,015 ha. of coastal 
forests. The participant benefi ciary of the land use acts as “Watch Dog” for reducing 
illegal destruction of the forest plants and products. Benefi ciaries have added 
supplementary strength to FD’s institutional existing capacity for protection of 
coastal forests. The current experiences will be signifi cant transformation change at 
local scale for incorporating voluntary role of community in future management 
activities of the Forest Department. 

 Identifi cation of potential land use and additional income generation provides 
opportunity to transformation of local institutions for distributing ownership to 
coastal communities. Despite local land offi ces are not aware on sustainable land 
uses in coastal areas; the current experiment improves their capacity to facilitate 
other government department for equitable ownership distribution. But, there is 
also uncertainty in outcomes of innovation as new benefi ts can by captured by local 
elite and diverse interested social groups in coastal areas (Hadley  2009 ; Lebel 
 2012 ). Such constraints and drawbacks are well considered through enabling legis-
lation, fi nancial, political and moral support for land ownership. National institu-
tions are currently revising land use policy in particular for initiatives to coastal 
land management.  
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15.3.1.4     Participatory Decision-Making 

 Community based approach of the project focused much on developing partnership 
with diverse stakeholders in order to ensure the successful implementation of the 
adaptation interventions. The project is involving local community in participatory 
afforestation and livelihood interventions. People’s opportunities and capabilities to 
make and express choices and to transform land uses into desired actions and 
outcomes are vital to effective project design and implementation and perhaps more 
importantly to their sustainability (Sieghart and Ganapin  2011 ). This is important to 
know how individual and households have suffi cient information on climatic risks 
and access to take decision for managing new practices and profi ts. People in the 
coastal area need to be prepared for anticipatory adaptation against such impacts 
based on current knowledge and scientifi c advances concerning sea level rise. 
History of community based assessment also supports the ability of collective action 
depends on common goal and vision under the new landscape structure and services 
generated to them (Berkes et al.  2003 ; Quinn et al.  2007 ). The land use initiative 
involved community members irrespective of their social and economic position in 
developing local adaptation management plan for implementing the model in 
particular project sites. The community benefi ciaries identifi ed vulnerable groups 
who can be benefi ted; their key resources at risk; most demanding assets and poten-
tial alternative measures to be implemented for their long-term adaptation. 

 The initiative emphasized on the needs of target community within resource 
distribution, and best fi t of the project interventions locally as well as required insti-
tutional supports. There was always open decision making process among involved 
community, Co Management Committee members and local institutions to ensure 
that marginalized and women groups are included in resource distribution and 
management. Noteworthy that participatory land distribution has opened women’s 
access to collective assets and income generation and their involvement in decision 
making process. While the project addresses climate change as key threat to coastal 
ecosystems, it also considers landlessness is much affecting capacity of ecosystem 
service generation and eventually livelihood security of community.  

15.3.1.5    Navigating Adaptive Institutions 

 Institutions provide rules and strategies by which societies interact and use their 
traditional ecological knowledge to produce a livelihood from ecosystems to adapt 
to shocks in their environment (Folke et al.  2007 ). The distribution of roles among 
diverse stakeholders across scales improves institutional networking and fl exible 
governance for equitable resource delivery in coastal areas. The shifting land 
management from illegal occupation and encroachment to collective ownership 
opened community bonding and trust with institutions and raising self-contribution 
to conservation and managing livelihoods. Drawing experience of the community 
based land use approach as starting point, local government can provide motivation 
elements to national level for opening further opportunities of mainstreaming, 
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replication, and upscaling the potential EBA initiative. Guiding community for land 
regulation, restriction on over exploitation and inclusive resource governance; 
improving services for infrastructures, health and education, and providing new 
leadership through bringing new information and experiences within community 
and outside stakeholders to draw comparison and avoid pitfalls in the practices are 
some of the infl uential elements for local institutions to motivating climate protec-
tive land use (Staden  2010 ). 

 Broadly access to local institutional services has improved community capacity 
to integrate climatic information in their continuous land use and livelihood devel-
opment and avoid current and anticipated risk management. There is largely pos-
sible to bring adaptation practices for ensuring resilient livelihoods through 
improved crop and fi sh varieties to absorb shocks without downsizing the regular 
functions. Disaster and climate change related risks are currently well addressed 
as shared responsibility among service providing institutions including Forest, 
Agriculture, Livestock and Fisheries Department. The land use initiative attempts 
to draw institutional interface for providing climate change information and 
related critical services in integrated manner to minimize the adaptation costs. The 
local Co Management Committee is currently acting as collaboration interface 
among implementing government departments to share and understand the contin-
gent risk management and transfer of adaptation services. However, a robust insti-
tutional arrangement to enhance synergistic effects of adaptation services of the 
local institutions with coastal community is under-addressed in the initiative 
(Adger et al.  2005a ,  b ). 

 EBA policy needs fl exible social–institutional interface over rigid social systems 
for resource use and following learning by-doing approach to enhance long-term 
climatic risk management. Adaptive institutions are based on integrative ecosystem 
management approach for experimentation of management policies and learning to 
draw long-term adaptation effects (Folke et al.  2007 ). This fosters evolving coastal 
policies and institutional framework to anticipate climatic uncertainty with partici-
pation of diverse stakeholders. Bangladesh broadly faces challenges in institutional, 
organizational, and human resources at national and sub-national levels to maximize 
new climate funds and ecosystem based approach in adaptation programmes. The 
case experience refl ect unclear role of local government departments (especially at 
District and Upazila levels) to take advantage of EBA by extensive land restoration 
for design of cost-effective adaptation. 

 The decentralized institution approach for EBA is necessary, but not suffi cient 
for ensuring democratic and sustainability of community based land use policy 
reform. Without local responsibilities based on democratic involvement of coastal 
populations and accountability of institutions lead to further disempowerment of 
already marginalized social groups (Wever et al.  2012 ). The CBACC-CF project 
can be fi rst attempt to strengthen local government capacity in understanding land 
use crisis as a window of opportunity for effective adaptation service delivery. 
There is yet much to draw learning and knowledge on best practices and capacity 
from horizontal to vertical institutions for designing more effective land use prac-
tices in coastal areas. Supported by the project, coastal land use policy is reviewed 
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to delineate land ownership among public and private stakeholders and design site 
specifi c land uses for afforestation, agriculture and aquaculture, which are also key 
to facilitating EBA.   

15.3.2     Protective Ecosystems, Mangroves and Mitigation 

 Ecosystems are biologically diverse natural habitats and signifi cant carbon stocks 
for climate change mitigation. Carbon accumulation and sequestration is related to 
the types of ecosystems, species diversity and land management. At global level, 
aquatic and terrestrial ecosystems are estimated to be storing higher 38,000 and 
2,500 Gt Carbon respectively compared to only 750 Gt atmospheric carbon content 
(Secretariat of the Convention on Biological Diversity  2009 ). Coastal ecosystems 
possess diverse source of carbon capture than others through plant above and below 
sea level as well as soil. There is a multi-time frame of carbon accumulation benefi ts 
in coastal ecosystems which are related to organic bearing or peat like soil binding, 
plantation growth and quality of freshwater and salt water marshes and seagrass bed 
in the long-run. 

 Conservation of biodiversity and restoration in degraded terrestrial, freshwater 
and marine ecosystems is widely recognized by Convention of Biological Diversity 
(CBD) as well as key measures to maintain functions for favorable carbon cycle 
which is signifi cant part of mitigation goals of UNFCCC and providing adaptation 
benefi ts and achieving Millennium Development Goals (MDGs). The recent climate 
change agreement Reduced Emissions from Deforestation and Degradation 
(REDD+) is a new guideline which emphasizes on national carbon stock assess-
ment and relatively cost-effective option for mitigating climate change through 
forest conservation (for example, carbon credits). In this view, EBA can be appro-
priate measure for enhancing carbon sink through conservation of natural and 
planted forests and restoration of existing coastal wetlands as well as improved 
land management. 

 Coastal ecosystems contribute to global mitigation due to its cost-effective land 
transformation from barren or grass lands into forest vegetation. The most effective 
way to maintain coastal ecosystems’ carbon pools is avoiding degradation and 
conversion through protection and sustainable management. For instance, protec-
tion and conservation of coastal wetlands through mangrove plantation has immedi-
ate benefi ts for soil binding and transferring oceanic carbon into sediment and 
developing woody biomass to store carbons. There is yet not available estimation of 
actual mangrove coverage and also improved technique to assess the loss at local 
level. The global loss of mangrove has been estimated around 20 % between 1980 
and 2005 (Crooks et al.  2011 ). Sustainability of mangroves either in natural or 
plantation forms is increasingly important management issue to reduce deforesta-
tion and carbon emissions. Global forest areas is being cleared at the rate from 7 to 
13 million ha annually which releases 1.5 Gt C (5.5 Gt CO 2 ) into atmosphere. The 
potential measures must be related to appropriate land management practices for 
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afforestation, sustainable forest management and restoration of degraded forest 
habitats including coastal wetlands. 

 EBA approach addresses deforestation as an important part of forest manage-
ment for drawing comparison between the current forest loss and afforestation mea-
sures to be taken for enhancing mitigation efforts. The clear estimation and baseline 
of deforestation can be indicative tools and guidelines and decide the forest habitats 
which can be managed under reforestation and also assess the carbon emission rate. 
Bangladesh has only 2.52 million ha forest coverage which is 10 % of the total 
lands. Though Bangladesh has less contribution of global GHG emission, annual 
loss of forest areas has been estimated on average of 2,600 ha between 1990 and 
2010. Afforestation and suitable reforestation or enrichment planting is much 
required to check the deforestation rate and at the same time to improve ecosystem 
functions. Mangrove afforestation has already got momentum for protection and 
conservation of exposed newly accreted coastal lands. Compared to any other forest 
types, mangroves is one of the carbon dense forests where Bangladesh can amplify 
the benefi ts towards global carbon sequestration by afforestation and increasing for-
est coverage in new lands and reducing deforestation. The CBACC-CF project has 
been very effi cient in implementing mangrove afforestation programme in more 
than 3,000 ha annually that exactly corresponds to the annual changes in forest 
cover of Bangladesh and such contributes to global mitigation efforts (Fig.  15.3 ).

   While forest degradation is increasing there is required appropriate conservation 
measures and restoration in natural forests to reduce biodiversity loss and carbon 

  Fig. 15.3    Afforestation techniques for enhancing resilience of protective coastal ecosystems       
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emission. Natural forests are more carbon dense and biologically diverse than other 
modifi ed and planted forest ecosystems. It can be noted that protected areas con-
tribute to 15 % of terrestrial carbon sequestration. Conservation of protected area 
and including natural and planted mangroves can improve forest habitats with spe-
cies and genetic diversity while also increasing carbon sink capacity in Bangladesh. 
The Integrated Protected Area Co Management (IPAC) is currently taking initia-
tives in different protected forests for conservation and increasing carbon stock 
enhancement, such as: (a) 6.4 million ton CO 2  emission reduction by Collaborative 
REDD + Improved Forest Management (IFM) Sundarbans Project (CRISP); 
(b) 760,000 t carbon stock enhancement by Chunati Wildlife Sanctuary Management 
of Natural Resources and Community Forestry (MNRCF) project; (c) 414.87 mil-
lion t CO 2  emission reduction by Bangladesh REDD + Afforestation, Reforestation 
and Revegetation (ARR) in Protected Areas Project (BRAPAP). The CBACC-CF 
project is implementing mangrove afforestation in 9,100 ha of coastal lands. During 
the project pilot phase, mangrove plantation will add to existing forest coverage and 
contribute to about 910,000 t carbon storage capacity. 

 Degradation of coastal ecosystems through land use changes and conversion of 
mangroves for agricultural cultivation and shrimp farming reduces above and below 
ground carbon pools. Mangrove is the highest mean carbon sequester in the tropic 
indicating the largest mitigation benefi ts from the ecosystem type than any other 
forest domains in the world (Donato et al.  2011 ). Mangrove afforestation in new 
coastal lands can increase above and below ground carbon stocks by protective 
vegetative covers. In addition to that reforestation within existing mangrove stands 
can support ecosystem capacity to regenerate functions that itself acts as EBA and 
continue carbon sequestration. Carbon storage capacity of mangrove species varies 
between above and below ground with respect to spatial locations and varying 
salinity, soil depth and water management. The whole ecosystem based carbon 
stocks of mangroves can be even larger if properly managed by improved land 
management techniques, alternative fi nancing for carbon trade for protection of 
forest as co- benefi t of EBA. 

 The combined effects of sea-level rise and anthropogenic stress on mangroves is 
poorly understood (Gilman et al.  2008 ) where EBA can offer advanced assessment 
on consequences; management options and strategic planning for functional link-
age within ecosystem levels. Rehabilitation of degraded mangroves can improve 
habitat quality and biodiversity which are important for ecosystem functions to 
adaptation and keeping up mitigation. Mangrove afforestation can improve carbon 
fl ux rates in coastal ecosystems by properly assessment of species initiation, 
regenerative diversity and gap management. Keora ( S. apetala ) is pioneer species 
for land stabilization in coastal ecosystems and contributing to carbon sequestration 
in mangrove plantation management of Bangladesh. The 5–15 years old  S. apetala  
forest stands are currently losing regeneration capacity and weakening vegetative 
coverage and reducing carbon stocks. Nandy ( 2010 ) pointed out the mangrove gaps 
through enrichment planting with mixed and complex plantation to aid regenera-
tion. There are different ten commercially important mangrove species introduced 
as enrichment planting under CBACC-CF project. The afforestation approach is 
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not only important for improving species diversity and protecting carbon storage, 
but also have potential aspect of EBA for sustaining ecosystem services in 
coastal areas.   

15.4     Sustainability: Way Forward 

 Coastal ecosystems are increasingly facing complex system, rapidly changing and 
evolving with novel responses of social and ecological variables. Decision-makers 
shift on a long-array from traditional disaster risk reduction approach to integrated 
coastal zone management (Vellinga and Klein  1993 ; Shaw and Krishnamurthy 
 2012 ) and currently climate change adaptation for vulnerable groups, countries and 
states. The most challenging issue is why previous protective measures failing to 
effectively manage coastal resources and create spillover effects on environment; 
and how current actions can infl uence sustainability actions confronting climate 
change related stress like sea level rise within short to long-term actions. There are 
differences between level of actions developed and context of interplay; type of 
ecosystem conserved to alternative profi t regime; and participatory resource owner-
ship over enforced institutions is largely determining coastal sustainability and 
EBA. Integrating assessment of social, ecological and morphological components 
for comprehensive coastal planning are important though challenging research task 
is ensuring easier communication of the fi ndings to decision-makers, public and 
interested sectors (Klein et al.  1998 ,  2003 ).    Vellinga and Klein ( 1993 ) looked into 
Integrated Coastal Zone management (ICZM) through holistic approach consider-
ing the complex factors; understanding diversity of interests in sustainable use of 
coastal resources; and defi ned institutions roles involved across international, 
regional, national and local levels. 

 Diverse knowledge from pilot based research fi ndings is effective for design of 
coastal development plan (van den Bergh and Nijkamp  1998 ). The land use innova-
tion for adaptation practices in coastal ecosystems open transformation of thinking 
and approaches in resource management. From current experience, successful 
transformation of land use practices towards sustainability could be promoted by 
fostering the innovation and building adaptive capacity and resilience. Transforming 
land use innovation must follows three dimensions: direction of change, diversity 
and distribution to be considered in sustainable development (Leach et al.  2012 ). 
The benefi ts of land use must be guided within specifi c goals and principles and 
integrating the differences (mangrove protection and shrimp culture will differ) 
along the pathway to drive with the more robust adaptation directions. Diversity of 
land uses approaches, livelihood strategies, and institutions provide a richer resource 
regime to foster more robust and resilient innovation pathways into the future. The 
land use innovation will not be important adaptation until the potential space is 
shared among the stakeholders to identify who gains and lose from the new 
policy and eventually navigating the trajectory. New land use system is emerg-
ing and yet to proliferate the benefi ts at large social and ecological scale for EBA. 
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Much emphasis should be given to strengthen social equity in new resource 
management, fostering common values among interested groups on planned 
benefi ts of land restoration and empower the key stakeholders in decision making 
to legitimate their relationships. 

 The novel experiment requires trust building while resolving competing interests 
in new arrangement to enhance resilience. In the current land resource management 
system, not only coastal community understands climate change and disaster risks 
collectively, but they also develop participatory resource management for sharing 
benefi ts in the long-run. Community perceives the land use practice can sustain 
long-term resource generation due to multi-scale income options and protective 
ecological infrastructure by mangroves. The additional coastal lands can be trans-
formed within future livelihood arrangement considering the cost-effective approach 
of the current practice and ecosystem based community integration for livelihood in 
coastal areas. But, ensuring institutional support in the land use practice and resource 
distribution in the project sites remains critical challenge in prior to resolving 
competitive interests in local land and water grabs and profi table business; and 
poverty reduction and sustaining coastal ecosystem services for instance. There are 
reasons due to overridden land rights on coastal lands create management loophole 
and user confl ict in implementation of the current initiative. 

 Coastal land ownership is socially constructed with institutions involved for 
isolated management goals benefi ting particular social groups than those who need 
urgent livelihoods in the adaptation model. National land use policy and ICZM 
approach inadequately defi nes local institutions for coastal land management and 
improves capacity for risk reduction measures. Coastal land zoning is prepared until 
now without institutional integration to share climatic risks as “shared roles” and 
developing participatory livelihood. Bangladesh Climate Change Strategy Action 
Plan (BCCSAP), NAPA, PRSP, MDGs and other relevant development programme 
focused on integrated and sustainable coastal development strategy. The policies yet 
lack in comprehensive and practical guideline for institutional integration mecha-
nism in development projects. Most of the adaptation programmes are limited 
within isolated livelihood inputs for agriculture, fi sheries or health related sanitation 
measures to individual households. Compared to these, the land use experience 
opens integrated ecosystem management approach with multi-stakeholder collabo-
ration space for cost-effective adaptation options at community. The community 
involvement for protection and conservation of coastal land resources including 
mangroves and sustaining small-group based resource generation can be considered 
for taking account to promote EBA. 

 The immense complexity of the bio-geophysical and human activities in coastal 
zone regions remains a diffi cult management task for adaptation interventions. Sea 
level rise will create major problems to coastal ecosystems for sustainable land use 
and eco-engineering protection practices in Bangladesh (Ali  1996 ; Sorwar  2005 ). 
Scenarios of sea level rise and associated impacts on dynamic coastal ecosystems 
need to be as accurate as important for drawing sustainable approach in current 
adaptation design. We must seek socially and naturally feasible strategies based on 
sound spatial-economic and environmental database, various functions of coastal 
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zones, defi nition of the competence of and opportunities for both private and public 
actors, and most of all a behaviour-oriented analysis of resilience strategies in 
coastal zones (van den Bergh and Nijkamp  1998 ). Mostly in Bangladesh, assumption 
of sea level rise and associated water stress are not adequately addressed in 
mangrove restoration, current land use practices and water resource management. 
That is why understanding sustainability is important for opening renewal opportu-
nities of social and ecological resource management in dynamic coastal ecosystems 
(Adger et al.  2005a ,  b ). By drawing experience of current land use based adaptation 
practice we can draw synergies and relate to wider social, environmental and 
economic opportunities for EBA in Bangladesh.     
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    Abstract     Bangladesh, being one of the most climate change vulnerable countries of 
the world pioneered in testing and adopting various adaptation technologies and 
approaches in different geographical settings of the country. Institutional response to 
climate change threats is refl ected by the preparation and submission of Bangladesh 
NAPA to UNFCCC in 2005 earlier than many other least developed countries. Apart 
from various local adaptation initiatives undertaken by communities and NGOs, gov-
ernment agencies along with other actors are also implementing a number of adapta-
tion projects in the area of agriculture, aquaculture and water and disaster management 
in different climate sensitive areas of the country through involvement of vulnerable 
communities. Being a least developed country with high population, major thrusts are 
given in food production and a number of technologies are in practice in the agricul-
ture sector in different geographical locations have specifi c climate related stressors 
that necessitate specifi c adaptation technologies and options. Some adaptation initia-
tives to address disaster events and some piloting are done in disaster prone areas of 
the country have good lessons need to be documented for wider dissemination. 
Although various climate change adaptation project/activities are ongoing, stock tak-
ing of adaptation technologies in practice in geographical locations has not done yet 
for analysis of their effectiveness and further improvements. This chapter has two 
objectives. First, it briefl y describes different adaptation technologies currently in 
practice in different climate sensitive disaster prone areas of the country by different 
actors with focus on agriculture, aquaculture, water and disaster risk reduction sub-
sectors. Second, it briefl y touches upon the potential for further innovations and 
extension of adaptation technologies reaching the millions of poor vulnerable com-
munities live in the frontline of climate change impacts in Bangladesh and beyond.  

    Chapter 16   
 Adaptation Technologies in Practice 
and Future Potentials in Bangladesh 

             M.     Mokhlesur     Rahman     and     Aminul     Islam    

        M.  M.   Rahman    
  Centre for Natural Resource Studies (CNRS) ,   Dhaka ,  Bangladesh     

    A.   Islam     (*) 
  United Nations Development Programme ,   Dhaka ,  Bangladesh   
 e-mail: aminul.islam@undp.org  



306

  Keywords     Adaptation actors   •   Adaptation technologies   •   Bangladesh   •   Climate 
change  

16.1         Introduction 

    Like other countries, Bangladesh has been experiencing the impacts of climate 
change and climate variability on the production sectors the most. Bangladesh is 
particularly vulnerable to multiple disasters and climate change related shocks due 
to its location, high population density, high levels of poverty, higher dependence on 
climate sensitive production sectors, lack of awareness of climate risks, and 
unplanned urbanization coupled with poor infrastructure (Islam et al.  2010 ). Being 
highly sensitive to climate stimuli, the agriculture is the most affected sector in 
Bangladesh and therefore major adaptation technologies that are developed and 
practiced revolves around agriculture. Fisheries and aquaculture sub- sector though 
sensitive to and impacted by the effects of climate change and climate variability 
but is not well addressed as yet. Water is the basic determinant of agriculture and 
fi sheries/aquaculture production systems and infl uences the production, the sector is 
still lagging behind largely due to problems associated with prioritizing the adapta-
tion focus. Historically, due to its location, high level of poverty, week infrastructure 
and institutional capacity and high dependence of people on climate and disaster 
sensitive sectors (agriculture and fi sheries), Bangladesh is a disaster prone country. 
Flooding, cyclones, drought and salinity are major disasters which are now being 
exacerbated by the recent phenomenon of climate change and climate variability 
IPCC ( 2007 ). Bangladesh has made some good progress in the area of adapting to 
climate change induced disasters which though need further impoverishment and 
extensions to wider communities live in climate induced disaster hotspots. 

 This paper discusses some of the key adaptation technologies so far designed and 
now in practice in agriculture, aquaculture and water and disaster risk reduction 
(DRR) sectors in Bangladesh. These technologies include both hardware and 
software as well as orgware systems. The paper also presents an analysis as to how 
these systems addressing the climate change induced impacts in an integrated way 
and touched upon the needs for further improvements and extension of adaptation 
technologies in Bangladesh.  

16.2     An Overview of the Technology Options: 
Bangladesh Context 

 In Bangladesh adaptation technologies in practice may be defi ned in four categories 
such as (a) hardware, (b) software, (c) orgware and (d) indigenous knowledge and 
wisdom based adaptation technology. Hardware refers to so-called “hard” technolo-
gies such as capital goods and equipment and includes new irrigation or water 
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management systems or coastal protective dikes. Software refers to the capacity and 
processes involved in the use of the technology and spans knowledge and skills, 
including aspects of awareness-raising, education and training (Clements et al.  2011 ). 
Adaptation methods and practices that may not normally be regarded as technologies, 
such as insurance schemes or crop rotation patterns, may also be characterized as 
software. A third distinction which is equally important to the understanding of tech-
nologies for adaptation and their implementation is the concept of orgware, which 
relates to the ownership and institutional arrangements of the community or organi-
zation where the technology will be used. Many adaptation technologies have been 
utilized for generations to cope with climate variability and improve livelihood 
resilience to socio-economic stresses could be defi ned as the fourth category of 
adaptation technology based on the indigenous knowledge and wisdom. 

 International political negotiations and academic discourse on climate change 
adaptation are increasingly happening in two parallel, if not clearly distinctive 
tracks: a “general adaptation track” focused broadly on adaptation to climate change 
and how it can be mainstreamed into development planning and policies; and a 
“technology track” focused specifi cally on reducing vulnerability to climate change 
by facilitating the transfer and diffusion of appropriate technologies for adaptation. 
This duality in the adaptation discourse is also refl ected in the global fi nancial 
architecture for adaptation, with some funds making a formal distinction between 
the funding of “adaptation” and funding of “technology transfer for adaptation”. In 
this way, the UNFCCC Special Climate Change Fund includes two separate 
windows managed independently by the Global Environment Facility, one focused 
on adaptation and one on technology transfer (covering both mitigation and 
adaptation). 

 In many cases it is observed in practice that hardware are combined with 
software and orgware to strengthen the capacity and enhance resilience while con-
sidering the issue in design level adequately embedded in vulnerable communities 
in climate induced hazard exposed area and thereby ensure the acceptance and own-
ership necessary for their adaptation technology. Hardware involved in different 
sectors includes water resources and hydrology such as ponds, wells, reservoirs, 
rainwater harvesting, coastal zones dykes, seawalls, tidal barriers, breakwaters, vec-
tor control, vaccination, climate proofi ng of building and infrastructure and so on. 
Software adaptation technologies include farming practices, research on new crop 
varieties, increase water use effi ciency and recycling, development planning in 
exposed areas, urban planning, knowledge and know-how and so on. However, 
orgware includes, building codes, early warning systems, insurance and, health and 
hygiene education, health legislation and standards.  

16.3     Adaptation in Agriculture 

 Bangladesh is largely an agriculture dependent country and majority of rural people 
still make up a major share of their livelihoods from agriculture and related activi-
ties. The contribution of agriculture sector alone in the national economy in FY 
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2011–2012 was 19.29% (MoF  2012 ). Agriculture sector as a whole is again very 
sensitive to climate related stressors. Recent phenomena of rising temperature, 
prolonged drought, erratic rainfall, increased frequency and intensity of fl ooding 
and cyclones, increased salinity, intense severe cold spells with dense fogs are all 
manifestations of climate change and climate variability that have already started 
impacting upon the agriculture and other sectors in Bangladesh. The farming com-
munities of Bangladesh although poor and dependent on subsidies, but are also 
enterprising as well. Bangladesh is having a vibrant civil society and NGO 
communities who often take up proactive measures to tackle any crisis arise out of 
either climate or non climate related stressors. 

 A good number of technologies are being practiced in the agricultural sector of 
Bangladesh over the last few years that seemed aimed at addressing the recent 
threats to farming systems posed due to climate change and climate variability. 
Although some of the agricultural technologies are fairly old in practice but are now 
appropriate under the changing climatic conditions as viable adaptation technolo-
gies. Bangladesh though a small country has distinct spatial variability in climate 
related perturbations thus a generic agricultural adaptation technology package 
does not fi t in to the diverse eco-regions of the country. 

 In consistent with the spatial variability, adaptation technologies in agricultural 
sector vary by different geographical settings of the country depending on the typol-
ogy of climate induced stressors, soil types, inundation patterns and farming prac-
tices. For example, coastal area of Bangladesh is exposed to multiplicity of climate 
stressors viz. increasing soil and water salinity, cyclones and storm surges, drainage 
congestion, and changes in coastal morphology (WB  2000 ) and adaptive agriculture 
thus need to be adjusted to such climate and non climate factors. Warner et al. 
( 2012 ) reported that 99 % of the respondents (N = 360, four villages) in a coastal 
sub-district of southwestern Bangladesh experienced increased salinity in their crop 
fi elds and fi sh ponds which is further aggravated due to cyclones Sidr and Aila in 
2007 and 2009 respectively. Recent studies on cyclone formation in the Bay of 
Bengal shows an increasing trend with 7.94 storms per year or once in every 6.54 
weeks by 2050 (Chowdhury et al.  2012 ). Increased frequency of cyclonic storms 
coupled with sea level rise will further exacerbate the impacts on agricultural pro-
duction systems in the coastal zone of Bangladesh. Among the coastal zone, there 
are high and low saline areas depending on the proximity to land to the sea. The 
coastal areas at the lower estuary (exposed to coasts) are relatively more exposed to 
cyclones, sea level rise and salinity intrusion than that of the interior coast and thus 
the adaptation technologies for the coastal agricultural systems also vary accord-
ingly (PDO-ICZMP  2004 ). 

 Agricultural technologies to adapt to the impacts of changing climates are 
varying spatially by different climate change related hot spots of the country. 
Recognizing the spatial variability of climate induced threats to agriculture, 
Bangladesh NAPA (MoEF  2005 ) suggested priority actions to develop crop variet-
ies that can sustain high salinity, fl oods and drought related stressors to face the new 
threats associated with climate change in different parts of the country. Despite 
having spatial variability of nature and extent of climate change related impacts, 
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there are some technologies to adapt to certain climate stressors that better suit 
almost all over the country. For example, late variety of rain fed Amon rice (BR 22, 
BR 23, and BRRI dhan 46) better suits all over the country in response to late mon-
soon fl ooding (in August) and concomitant loss of either mature seedlings in seed 
beds or newly transplanted seedlings in the crop fi elds. There are other varieties of 
amon rice invented by Bangladesh Rice Research Institute (BRRI) viz. BRRI Dhan-
51 and BRRI Dhan-52 now in practice, can tolerate inundation due to sudden 
intense rainfall based fl ooding even for a period of 15–20 days (CSISA  2012 ). 

16.3.1     Agricultural Adaptation in Coastal Zone 

 The coastal zone in the lower estuary used to be known as the single cropped area. 
In the past, people used to grow only amon rice (rain fed monsoon rice) during 
monsoon season when salinity level goes down due to high precipitation. While 
during dry season/winter salinity shots up and most of the coastal lands remained 
fallow except in some low saline areas (usually around the Meghna estuary area) 
people used to grow various non rice crops (oil seeds, pulses, water melon). 
However, recent increase in salinity due to sea level rise, coastal fl ooding and storm 
surges have made it diffi cult for the farmers to grow crops even in amon season. In 
this backdrop, over the last few years, various donor supported projects, Department 
of Agriculture Extension (DAE) and NGOs have been supporting the farmers to 
adopt new varieties of rice and various other non-rice crops in the saline prone areas 
and achieved encouraging results and these are now being adopted by the farmers 
as climate resilient crop varieties appropriate for the coastal zone (Table  16.1 ).

   The coastal zone of Bangladesh is increasingly being affected by higher soil and 
water salinity due to combination of factors viz. withdrawal of water from upstream 
rivers, shrimp farming holding saline water in ghers and recent phenomenon of sea 
level rise. Due to salinity problem in the dry season (winter), farmers cannot grow 
boro rice (winter rice) in the coastal zone. To address the issue, Bangladesh Rice 
Research Institute (BRRI) and Bangladesh Institute of Nuclear Agriculture (BINA) 
have developed varieties of boro rice (winter rice) that can be grown in moderate 
saline affected areas in the coasts with profi table yields (BRRI  2012 ). These variet-
ies (BRRI Dhan-47 and BINA-8) are getting popularity among the farmers in the 
coastal areas (CSISA  2012 ;    CNRS  2012a ; UNDP  2012 ). In many areas coastal 
farmers are now growing two rice crops per year, one in the rabi or boro season 
(boro rice) and on kharif-2 or amon season (amon rice). 

 Beside saline tolerant rice varieties, encouraging results are obtained by cultivat-
ing various non rice crops (maize, oil seeds, bean, etc.) in the saline affected coastal 
lands of Bangladesh (Patuakhali and Satkhira districts) to cope with high salinity 
problem (CNRS  2012a ). Table  16.2  shows the non rice crop varieties performed 
well in the saline prone coastal zone of Bangladesh.

   Along with the above crops chili, soybean, bitter gourd, sweet gourd, ground nut 
and water melon are also found as suitable crops for the salinity affected areas in the 
coastal zone. Apart from vegetables, specie crops, oil seeds and pulses, fruit trees 
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can well be grown in the coastal semi-saline areas as adaptation to climate change 
threats. Common fruit trees are in practice in the coastal zone include Jujube (Apple 
kul and BAU kul), Mango (Amropoli), guava, papaya in the homesteads as well as 
raised crop fi elds (CNRS  2012a ; Rahman  2012 ; UNDP  2012 ). These trees have 

   Table 16.1    Climate resilient rice varieties that are currently being practiced in Bangladesh   

 Climate-tolerant 
rice varieties 

 Growing 
season  Climatic conditions 

 Growth duration 
(days)  Yields (t/ha) 

 BRRI Dhan-47  Boro  Saline tolerant  152  6.0 
 BRRI Dhan-55  Boro  Saline and cold tolerant  145  5.5 
 BINA-8  Boro  Saline tolerant  150  6.5 
 BRRI Dhan-28  Boro  Flash fl ood zone  140  5.0 
 BRRI Dhan-45  Boro  Flash fl ood zone  145  5.5 
 BR-10  Amon  Late variety  150  6.5 
 BR-22  Amon  Late variety  125–150  5.0 
 BR-23  Amon  Late variety  125–150  5.5 
 BRRI Dhan-46  Amon  Late variety  124–150  4.7 
 BRRI Dhan-40  Amon  Saline tolerant  145  4.5 
 BRRI dhan-41  Amon  Saline tolerant  148  4.5 
 BRRI Dhan-53  Amon  Saline tolerant  125  5.0 
 BRRI Dhan-54  Amon  Saline tolerant  135  5.5 
 BRRI Dhan-51  Amon  Water logged  140–145  4.0–4.5 
 BRRI Dhan-52  Amon  Water logged  140–145  4.0–4.5 
 BRRI Dhan-56  Amon  Drought tolerant  110  4.5 
 BRRI Dhan-57  Amon  Drought and early variety  105  4.0–4.5 
 BRRI Dhan-42  Aus  Drought tolerant  100  3.5 
 BRRI Dhan-43  Aus  Drought tolerant  100  3.5 

   Source : BRRI ( 2012 )  

   Table 16.2    Proven saline resilient non rice crop varieties developed by BARI   

 Sl. no.  Name of crops  Variety of crops 
 Growing 
season 

 Yield recorded 
(ton/ha)  Remarks 

 01  Mungbean  BARI mug 08 
(BM-08) 

 Rabi  0.77–1.44  Sowing date early 
December 
provided highest 
return 

 02  Maize  BARI hybrid 
bhutta-04 

 Rabi  7.6–10.73  Also used as fodder 

 03  Maize  BARI Khoibhutta  Rabi  8.58–11.50  Also used as fodder 
 04  Maize  BARI hybrid 

bhutta-3 
 Rabi  9.08  Also used as fodder 

 05  Mustard  BARI sharisa-11  Rabi  1.57 
 06  Cowpea  BARI Cowpea  Rabi  1.177  Sowing date 15 

January provided 
highest return 

 07  Tomato  BARI Tomato-03  Rabi  37.86  To be cultivated in 
raised bed with 
mulching 
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some saline resistance quality and can produce return within very short period. 
However, due to soil salinity, there is need for bring some changes in the crop farm-
ing technologies in the coastal areas.  

16.3.2     Agricultural Adaptation in Early Flash Flood 
Affected Haor Basin 

16.3.2.1    Early Flashfl ood Zone (Haor Basin): Short duration boro rice 

   A vast low lying deeply fl ooded northeastern haor basin of Bangladesh is unique in its 
hydrological regimes and land use. The whole area except the settlements remains 
under water in the monsoon season for 5/6 months leaving a narrow window of 
5 months (dry season) when the farmers can only grow boro rice (winter rice). However, 
the rice crop is highly susceptible to damage caused due to fl ash fl oods in early mon-
soon just before harvesting. The haor region is located at the foothills of Meghalayan 
hills of India which is one of the highest rainfall zones in the world (Cherapunjee, 
India). Analyzing the last 100 years rainfall data for the months of March and April in 
Cherapunjee, reveals that the rainfall has increased from 150 to 250 mm which 
increases the risk of fl ashfl oods and so the risk of damage of boro rice in the plains of 
Bangladesh. The popular variety of boro rice is BRRI dhan 29 which gives highest 
yields (around 7.5tons/ha – dry weight) but this variety needs the longest cultivation 
period (around 165 days). Other varieties developed by BRRI dhan 45 and BRRI dhan 
28 though produce slightly lower yields (less than 7.5 tons/ha) compare to BRRI 
dhan 29, but these varieties have shorter cultivation period (around 145 days) thus can 
save 3 weeks which is suffi cient to get the rice harvested before the visit of fl ashfl oods 
(Table  16.3 ). These varieties are now being disseminated by the NGOs and DAE 
among the farmers in haor basin as adaptation to fl ashfl ood hazard which is now more 
intense and visiting earlier than before due to recent phenomenon of high climate vari-
ability (CNRS  2011a ).   

16.3.2.2    Early Flashfl ood Zone (Haor Baisn): Kanda Farming 

 In the haor, there are large patches of state owned raised lands (khas land) along the 
edges of wetlands locally called “kanda” which were in the past remained covered 
by swamp forests and reed lands bur are cleared over time. Kanda lands remain fal-
low over years due to its harder soil, covered with shrubs and diffi cult to irrigate 
(CNRS  2012b ). Recently conducted adaptive research on kanda farming revealed 
that both rice and non rice can be profi tably cultivated in kanda lands. Last 6 
years’ research developed technology packages for kanda farming which is not 
only profi table but also climate resilient (CNRS  2012b ). As the kanda lands are 
raised compared to the traditional boro (crop) lands in the haor basin, fl ood water 
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   Table 16.3    Adaptive crop demonstration results in the fl ash fl ood affected Haor areas of 
Bangladesh (2009–2010)   

 Crop name 
 Production 
(t/ha) 

 Input cost 
(US$/ha) 

 Output 
(US$/ha) 

 Profi t 
(US$/ha) 

 Growth 
period 
(days) 

 Flashfl ood 
affected a  
(Yes/No) 

  1. Wheat  3.0  501  858  357  110  No 
  2. Potato  23.2  2,463  5,953  3,491  82  No 
  3. Mustard  1.2  599  1,064  465  79  No 
  4. Garlic  10.8  1,732  4,933  3,201  108  No 
  5. Tomato  23.8  1,264  4,383  3,119  119  No 
  6. Garden pea  7.7  1,282  4,424  3,142  96  No 
  7. Soybean  2.1  781  1,473  692  92  No 
  8. Sweet gourd  50.2  1,410  4,304  2,894  113  No 
  9. France bean  9.7  1,743  2,493  750  83  No 
 10. Bitter gourd  25.1  4,061  8,229  4,168  125  No 
 11. Country bean  12.9  1,919  3,682  1,764  101  No 
 12. Radish  27.4  2,323  3,128  805  84  No 
 13. Brinjal  15.9  3,062  3,860  798  135  No 
 14. Mung bean  1.9  987  1,938  951  64  No 
 15. Bottle gourd  19.2  146  1,370  1,224  134  No 
 16. Yard long bean  4.1  444  1,161  717  55–87  No 
 17. Ladies fi nger  1.3  216  517  301  111  No 
 18. Stem amaranth  8.9  870  2,024  1,153  66  No 
 19. Indian spinach  46.3  2,904  7,941  5,037  35–95  No 
 20. Bati shak  13.3  1,493  2,659  1,167  40–78  No 
 21. Red Amaranth  10.4  1,280  1,491  212  30–65  No 
 22. China shak  10.5  1,285  1,946  662  35–85  No 
 23. Rice (BR 45)  5.9  611  840  229  136  No 
  24. Rice (BR 29)    6.4    611    911    300    163    Yes  

   Source : CNRS ( 2011a ) 
  a Crops have less than 145 days of growth period are resilient to CC impacts as these can be 
harvested before the visit of fl ash fl oods in mid to late April  

receded around 3 weeks earlier from kanda than the boro lands and again gets 
fl ooded around 3 weeks later than the boro lands. Thus farmers get around 6 week 
additional time for farming in kanda lands and this allow double cropping. As fi rst 
round crops, farmers cultivate potato or mustard or wheat or vegetables, chili in 
November and after harvesting the fi rst crop in February, the lands again planted 
with sesame or okra or vegetables or jute. Kanda farming system is adopted by the 
people in the haor basin as adaptive cropping system due to avoidance of fl ash-
fl oods, double cropping, high profi tability and crop diversity. The results also show 
that crop varieties that have growth period of less than 145 days can be safely har-
vested in the single cropped haor basins viz. BR 45 and BR 28. It indicates that rice 
mono culture in the haor basin with the long duration high yielding boro variety 
(BRRI Dhan 29) is highly susceptible to climate related hazards. By contrast, culti-
vation of short duration non rice crops (less than 100 days growth period) viz. ama-
ranth, potato, mustard, beans, spinach offer opportunities for double cropping and 
thus profi ts can be maximized (CNRS  2012b ).   
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16.3.3     Agricultural Adaptation in Southwestern Water 
Logged Area 

16.3.3.1     Water Logged Area: Agriculture on Floating Mats 

 For example, there are some pockets of areas in the southwestern coastal districts 
where drainage congestions caused permanent inundation of lands that have made 
unsuitable for crop farming. To make use of this congested water, local communi-
ties have been practicing an indigenous method of vegetables farming on fl oating 
mats locally called “baira” (hydroponics). Floating mats are made up on banana 
rafts upon which layers of soil and decomposed water hyacinth with some soil 
materials are laid at a width that can support growth of crops/plants. This practice 
of crop cultivation on fl oating mats was fi rst invented by the farmers in the water 
logged areas of southwest (Madaripur and Gopalgonj districts). The baira farming 
technology has been taken up by many communities in different parts of the country 
as a viable option for farming in water logged areas. This technology is now being 
widely used as adaptation to climate change impacts.  

16.3.3.2     Late Varieties of Amon Rice: Suitable Option for Adapting 
Intense Monsoon Rainfall 

 Erratic rainfall has been the recent features of rainfall pattern as the manifestation 
of climate variability. Intense continuous heavy rainfall over the fi rst 2 weeks of 
August 2012 damaged most of the amon rice seedbeds prior to transplantation in the 
southwestern sub-district Shaymnagar of Satkhira district that delayed transplanta-
tion period for more than one and half months. In that context, some farmers trans-
planted seedlings of BR 22, BR 23, BRRI Dhan 46, and found satisfactory 
production – over 5 tons/ha (CNRS  2012a ). In the face of changing climates with 
higher uncertainty of rainfall, late varieties of amon rice have been the viable adap-
tation option for such climate stressors.   

16.3.4     Agricultural Adaptation in Northwestern Drought 
Prone Area 

16.3.4.1     AWD Irrigation Method in Drought Prone Area 

 Alternative wet and dry (AWD) method of irrigation saves water in boro rice 
cultivation by supplying water to the rice plant as per requirement, instead of 
continuously keeping water in rice plots. The plots are once irrigated and then water 
supply is discontinued and dried and again irrigated. To determine the irrigation 
time usually a PVC watch pipe (water measuring pipe) having 30.0 cm length and 
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10.0 cm diameter is set at a depth of 20.0 cm bottom and 10.0 cm is keep up of the 
surface soil at three to fi ve representative places (one in the middle and another four 
at corner area). The lower 20.0 cm of the watch pipe usually have 5.0 mm diameter 
hole at a distance of 10.0 mm and the upper 10.0 cm of watch pipe is blind or with-
out any hole. After sowing the seedlings of rice, irrigation is done at 5.0 cm of level 
of the watch pipe above surface soil and this condition is maintained 2 weeks by 
supplying water for development of tiller of the plants and to control uprising of 
weeds in the rice plots. After this period, irrigation is discontinued and the plots are 
dried and when the water level goes beyond 15.0–20.0 cm level of the watch pipe, 
irrigation is again done at a height 2.0–4.0 cm level of the watch pipe above the 
surface soil. In this way irrigation is continued till the fl owering of the rice. From 
beginning of fl owering of the rice again irrigation is done at 5.0 cm level of the 
watch pipe from the surface soil and is continued for 2 weeks. Prior to 2 weeks of 
rice harvesting irrigation is discontinued. The water level of the watch pipe can be 
easily measured with a simple scale. Through AWD method farmers can save 
15-30% water and thus irrigation costs with no impact on yields (Toung  2007 ; 
Kulkarni  2011 ). CNRS demonstrated this technology in Pabna area through its GIZ 
assisted wetland biodiversity rehabilitation project (WBRP) and documented 
 savings of irrigation costs of BDT 5,467/ha with an increased in yields by 13.07% 
compared to control plots (CNRS  2011b ).  

16.3.4.2     Ground Nut Cultivation in Sandy Soil 

 In charlands (riverine sand bars) and fl ash fl ood areas where fl ood-borne silt/sand 
carpeting on croplands made it unsuitable for rice and other cereal crops to grow 
including areas where water stress is higher due to drought, ground nut can be a 
 viable option for such areas. Farmers in charland areas of Ganges, Brahmaputra and 
Meghna Rivers have been cultivating ground nuts over years where high sand 
deposition degraded the lands. Under the current climate related stressors tradi-
tional farming systems in more and more areas of the country being affected due to 
water stress, drought and sedimentation or sand carpeting where ground nut culti-
vation has high potential to adjust to such climate related perturbations. Recently, 
increased crop land areas in the northeastern haor areas being degraded due to sand 
carpeting associated with increased frequency and intensity of fl ash fl ood-borne 
sand depositions. Some farmers in such areas of haor basin have already started 
ground nut cultivation with support from the DAE and NGOs as an adaptation 
option (CNRS  2012b ).  

16.3.5    Technological Innovations in Agriculture   

 Apart from the selection and cultivation of various climate stress tolerant crop and 
rice varieties in different climate sensitive geographical areas of the country, 
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farmers also adopted technological innovations in response to the site specifi c cli-
mate induced stressors. To this end, cultivation techniques adopted in the coastal 
saline zone vary from the one adopted in fl ashfl ood affected haor areas. While a 
technology that better suits the haor basin does not work in drought prone barind 
areas. Apart from climate zone-wise adaptation technologies, some special tech-
nologies have been developed to address local problems mostly by the communities 
themselves. 

 Common technologies adopted in the farming systems in the face of climate 
change threats include raised bed farming, mulching, water storage in fi elds, ditch 
and dyke model, kanda farming, agro forestry, drip irrigation, solar irrigation 
systems, etc. some of the common agricultural adaptation technologies are 

presented in Table  16.4 .     

   Table 16.4    Some common agricultural adaptation technologies in practice in Bangladesh   

 Technologies  Description 

 Raised bed  This technology is used for vegetables and fruit trees that decrease the 
salinity level and increase the production 

  Spatial Suitability : Coastal saline zone and drought prone areas 
 Mulching  Mulching helps to increase the soil moisture level and decrease the salinity 

of soil 
  Spatial Suitability : Coastal saline zone and drought prone areas 

 Water storage 
in crop fi elds 

 Excavate small ponds/ditches at one corner of the crop fi eld or canals along 
the edges to store rainwater. These are effective technologies for the dry 
season when the salinity increases in soil and water in coastal lands 

  Spatial Suitability : Coastal and drought prone areas 
 Ditch and dyke 

method of 
farming 

 Plain land is converted to ditch and dyke where fi sh is farmed in ditches 
while vegetables, orchard, trees are grown on dykes. This system 
facilitates bringing the fallow saline land under productive use. For the 
fi rst couple of years, salinity concentration in the soil affect the yields of 
corps and fi sh to some extent but after passing two successive monsoons, 
salinity level goes down and farmers can get good yields and returns 
afterwards 

  Spatial Suitability : Coastal saline prone areas 
 Mound 

plantation 
 Plantation of trees on raised mounds in the coastal saline lands has very high 

potential for replication. UNDP/GEF project on “coastal adaptation” 
popularizing this technology in the coastal area of Bangladesh engaging 
local communities. This technology has high potential to address slow on 
set climate change impacts like sea level rise and salinity intrusion 

  Spatial Suitability : Coastal saline affected area 
 Agro-forestry  Due to recent phenomenon of unpredictable climate variability (rainfall, 

drought, temperature) farmers have changed farming pattern to adjust to 
changing climatic conditions (drought, water stress). In some places 
people have adopted agro forestry technology (fruit trees like mango, 
jujube, litchi and guava with cereal crops) in place of monoculture of rice 
or other cereal crops which are more sensitive to climate stimuli. This 
practice is seen in the southwest and northwestern parts of the country as 
an adaptation option 

  Spatial Suitability : Drought prone areas 

(continued)

16 Adaptation Technologies in Practice and Future Potentials in Bangladesh



316

16.4     Aquaculture Based Adaptation 

 Like agriculture, aquaculture system is also vulnerable to climate change impacts. 
Erratic rainfall (intense heavy rainfall, delayed monsoon rains) and consequent 
fl ooding, cyclones and storm surges, high tides, coastal fl ooding, increased salinity, 
intense early fl ash fl oods, prolonged drought, higher temperature are all manifesta-
tions of climate change and climate variability have adverse impacts on aquaculture 
in fi sh ponds and shrimp ghers. Impacts of climate change related stressors on aqua-
culture systems vary by locations and types of climate stressors. For example, the 
aquaculture systems in the northeastern haor basin are affected mainly due to early 
fl ashfl oods that caused inundation of fi sh ponds and sand depositions in pond bot-
tom. While in the northwestern drought prone areas, aquaculture system is being 
affected by prolonged drought that dry out ponds earlier than before and thus short-
ening the culture period with resultant decrease in fi sh production. Although, high 
temperature can expedite growth of fi sh but shorter culture period reduced the yield 
per production cyclone. The aquaculture systems in the coastal zone is affected by 
multiplicity of climate related stressors as the area is exposed to some additional 
threats viz. cyclones and storm surges, salinity intrusion and high tides (MoEF 
 2005 ). Increased intensity of frequency of cyclones and storm surges will likely to 
result in increased coastal fl ooding coupled with inundation due to sea level rise 
damage coastal fi sh ponds and shrimp ghers including capture fi sheries habitats 
such as coastal wetlands and mangroves swamps (Cruz et al.  2007 ). Climate change 
will affect the aquaculture including both fi sh and shrimp farming in various ways 
(   De Silva and Soto  2009 ). It is expected and already farmers started to experience, 
higher temperatures, prolonged drought, erratic rainfall, cyclone and higher salinity 
posing direct impacts on fi sh and shrimp aquaculture in inland as well as in coastal 
areas of Bangladesh. People also experience indirect impacts of climate change, 

 Technologies  Description 

 Drip irrigation  Areas prone to intense prolonged drought in the summer and monsoon and 
experience crop loss, adoption of drip irrigation system enhances water 
effi ciency and enables maximum irrigation with minimum water 
available 

  Spatial Suitability : Drought prone areas 
 Non-traditional 

crop varieties 
 Soybean and sunfl ower are profi table in the haor and coastal areas. In the 

coastal area organic manure is scarce due to massive shrimp farming; 
soybean cake (after extracting oil) can be applied as manure in crop 
fi elds/homestead gardens. Application of organic manure can enrich soil 
quality and desalinize the soil and thereby regain the soil productivity 

 Floriculture in drought prone southwestern areas (greater Jessore area) has 
advantage that these need less watering and can tolerate higher weather 
stresses than that of traditional cereal crops. The fl ower also has good 
market demand and thus the participating farmers could make more 
profi t in fl oriculture than farming cereal crops 

  Spatial Suitability : Coastal, haor and drought prone areas 

Table 16.4 (continued)
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particularly the fi sh traders business is affected due high temperature and drought 
cause water stress, traders need more ice for fi sh preservation and transportation, 
escaping of fi sh and shrimp from ponds due to fl ooding and cyclones resulted in low 
landings and poor trades and return on investment (CNRS  2011c   ). 

 Recent experience of aquaculture and shrimp gher farmers in the coastal dis-
tricts of Satkhira give testimony of climate change impacts on aquaculture systems 
that necessitates urgent measures aquaculture adaptation to climate change induced 
threats (Table  16.5 ). This data shows that cyclone induced fl ooding and saline 
water inundation of ponds and ghers, intense rain-based fl ooding of ponds/ghers, 
prolonged drought during pre and post monsoon months and severe cold spells 
affected fi sh ponds and shrimp ghers at varying extents at different times of the 
culture periods. These climate change-induced stressors affected the aquaculture 
systems eight times over a period of 5 years is an indication of frequent and repeated 
impacts of climate change in different seasons of the year which the farmers are not 
ready with.

   Although the impacts of climate change on fi sheries and aquaculture system hap-
pened to be high in Bangladesh due to higher exposure to climate change related 
shocks, effective studies to assess impacts and adaptation measures to adjust are yet 
to be formulated. However, Bangladesh NAPA (National Adaptation Programme of 
Action) suggested two priority adaptation actions for aquaculture in two areas of the 
country have higher exposure to climate related stressors (MoEF  2005 ). One such 
area is the salinity affected coastal zone where NAPA emphasized on introduction 
of saline tolerant fi sh species in aquaculture systems. The haor basin is the second 
site where frequent fl ash fl ooding inundates fi sh ponds and croplands and NAPA 
suggested net fencing of fi sh ponds and introduction of cage and pen aquaculture in 
fl ooded lands as urgent adaptation measures (Table  16.6 ).

   Table 16.5    Climate related stressors affected aquaculture in south-western coast in last 5 years   

 Climate change induced threats  Impacts on aquaculture 

 2007, November: super cyclone Sidr  Damaged over 80 % fi sh and shrimp  ghers  and 
disrupted fi shing operations 

 2008, September: abnormally high tide 
and coastal fl ooding 

 Breached and overtopped coastal dykes and 
damaged many fi sh./shrimp ponds/ ghers  

 2009, May: cyclone Aila with high 
surge water 

 Damaged 80–100 % fi sh/shrimp ponds/ ghers  
and affected fi shing operations 

 2009, August: intense rain-based fl ooding  Flooded many fi sh/shrimp ponds/ ghers  
 2009, October: post monsoon drought  Heat stressed affected shrimps 
 2010, April–June: pre monsoon drought  High temperature affected pond/ gher  ecology, 

heat stress affected shrimp growth 
 2011, August: intense heavy rain-based 

fl ooding for about 2 weeks 
 Over 80 % ponds/ ghers  fl ooded and all fi sh and 

shrimps died due to sudden fl uctuations of 
pond/ gher  ecology 

 2012, January: severe cold spell with 
dense fogs (around 10 days) 

 Affected  gher  ecology, increase diseases of fi sh/
shrimps, inhibit fi sh/shrimp growths, high 
mortality, loss of dyke crops 

   Source : CNRS ( 2012c   )  

16 Adaptation Technologies in Practice and Future Potentials in Bangladesh



318

   Although NAPA follow up project on fi sheries and aquaculture projects is yet to 
be launched, communities under different development projects have started adap-
tive aquaculture practices in different parts of the country including the coastal zone 
and haor basin. 

  Crab fattening : Coastal zone become increasingly risky in carrying out profi table 
farming of crops as well as fi sh and shrimps due to hostility of climate factors. Two 
weather extremes like prolonged drought and intense heavy rainfall underpinned by 
increasing salinity makes it diffi cult for the farmers to adjust their farming systems 
(fi sh, shrimp and rice farming) in high saline coastal areas in the southwestern 
Bangladesh (especially Satkhira and Khulna districts). More than a decade back, with 
support from NGOs and DoF, some farmers started crab fattening in small ponds/
ditches where water salinity is higher. These ponds are well protected by net/bamboo 
fences so that the stocked crabs cannot walk out of the enclosures. They use to collect 
soft shell crabs from the Sundarbans mangrove forests or from local landing centers 
and stock those in mini ponds and rear (feeding) for 2–3 weeks until the crabs attain 
berried condition with the appearance of gonads. These berried crabs are harvested 
and sold at local markets. In 2 month time 3–4 fattening cycles can be completed. 

 Dry season is the best time for crab fattening when the salinity level remains 
higher. The advantage of crab fattening is that it takes only 2–3 weeks time to com-
plete a production cycle and thus chances of being affected by climate factors are 
less and the farmers get a quick return. Other advantage of crab fattening is that the 
women folk can carry out the fattening activities as this is done in small homestead 
based ponds and thus it is easy for the women folk to take care of the system. In high 
saline area crab fattening is now appearing as a good livelihood adaptation for the 
poor to climate change induced threats (Ferdoushi and Xiang-Guo  2010 ). 

  Mono Sex Tilapia farming : In the coastal areas some people have started culture of 
mono sex tilapia in small ponds. Tilapia can tolerate mild salinity and over years it 
proves that they grow well in coastal semi-saline waters. Recent introduction of 
mono sex tilapia farming has gained popularity among the fi sh farmers due to rapid 
growth of this variety and for its short culture period that ranged from 3 to 4 months. 
A farmer can get three to four crops per year. Although the stocking material (fry) 

   Table 16.6    Bangladesh NAPA suggested priority adaptation actions for aquaculture   

 Climate sensitive areas 
for aquaculture 

 NAPA suggested aquaculture adaptation to climate change 
impacts 

 Flash fl ooded affected 
haor basin the 
northeast 

 • Net fencing of ponds to prevent escaping of fi shes from 
culture ponds 

 • Promote pen and cage culture of fi sh in fl oodplain areas 
during fl ood season with as an alternate option for fi sh culture 

 Salinity affected coastal 
zone in the south 

 • Develop technology for salt tolerant fi sh species for coastal 
aquaculture 

 • Promoting developed aquaculture in the priority coastal zone 
 • Develop linkages with weather forecasting agencies through 

networking 
 • Helping the coastal aqua-farmers, particularly the shrimp 

farmers 
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of this variety is not easily available all over the country, private hatcheries are 
coming up to meet the demands of the farmers and started production of fry in mass 
scale. UNDP/GEF assisted coastal adaptation project and USAID assisted Feed the 
Future (FTF) Aquaculture projects has been supporting poor households in vulner-
able coastal districts to practice mono sex tilapia farming in small homestead ponds 
by engaging the women folks (Rahman and Siddque  2012 ). Cultivation of this fast-
growing and saline tolerant variety of fi sh has high potential to sustain livelihoods 
of the coastal communities vulnerable to climate change impacts. This technology 
is a viable option for adaptation to climate change impacts not only in coastal but 
also in other areas affected by climate change stressors like drought and fl oods. 

  Fish Culture with Repeated stocking and repeated harvesting : Carp poly culture 
in ponds has been a traditional fi sh farming practice in rural Bangladesh where dif-
ferent species of Indian major carps and Chinese carps are stocked based on their 
feeding niche in layers of ponds water. In the past, ponds were stocked with fi nger-
lings in May–June and harvested later at the end of the year (March–April) and then 
again restocked for another year and so on. However, modern technology now 
being practiced by many farmers—they practice repeated stocking and repeated 
harvesting in ponds almost round the year. This way, production and profi t both 
have proven to be maximized. In this system, farmers at least gain a partial benefi t 
even if his/her pond is affected by disaster (cyclone, fl ooding) or disease epidemics. 
Under the current climate change scenario, pond fi sh culture is also become vulner-
able to threats associated with drought, intense heavy rainfall based fl ooding, high 
salinity (in coastal zone), cyclones and higher disease susceptibility. However, 
higher temperature facilitates fi sh growth and farmers can adjust stocking that cor-
responds with time of the year when temperature rises and remain so for months 
together with moderate rainfall to realize benefi ts of climate change. In high climate 
risk areas fi sh (carp) poly culture adopting “repeated stocking and repeated harvest-
ing” system has been a viable adaptation technology which many farmers are 
already practicing with support from the Department of Fisheries (DoF) and NGOs. 

  Cage aquaculture : Cage aquaculture is a technology for raising fi sh in net enclosure 
in many countries including Bangladesh. However, the experience in Bangladesh s 
not very promising due to various factors viz. quality fi sh seed, fi sh feed, water 
pollution, care taking and poaching. However, the Bangladesh Fisheries Research 
Institute (BFRI) demonstrated high profi tability through Pangus (Thai cat fi sh) rearing 
in river cages in one of the coastal districts (Chanpdur) of Bangladesh. Pangus 
rearing in cages is also a short cycled crop and thus have opportunities to avoid risks 
of climate related stressors compared to year long fi sh culture in ponds. This tech-
nology can be transferred to other areas where similar situation exists and can be a 
viable adaptation option for the fi sh farmers. In addition, teachers of Chittagong and 
Khulna universities demonstrated profi table mud crab fattening practice in bamboo 
split cages a decade back can also be disseminated among the coastal vulnerable 
households as means of livelihood adaptation in the face of climate change threats. 

  Shrimp farming : Salt water shrimp farming ( bagda — Paneus monodon ) started in 
the coastal zone of Bangladesh since early 1980s (Swapan and Gavin  2011 ). People 
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in the southwestern district of Satkhira and in the southeastern district of Cox’s 
Bazaar fi rst started shrimp farming in shallow modifi ed rice paddies locally called 
 ghers.  Short culture cycle with high profi tability due to increased demands in export 
markets soon encouraged many farmers and investors/private entrepreneurs to 
jumped in to shrimp farming business and by mid 1990s shrimp farming expanded 
to other southwestern coastal districts. In places where water salinity level is very 
high in the dry season, people farm  bagda  (salt water shrimp) and in places where 
salinity is comparatively low,  golda  ( Macrobrachium rogenbergii —giant freshwa-
ter prawn) mixed with white fi sh mainly carps and tilapia has been in practice. In 
high saline  bagda  farming areas too, people started farming  golda  mixed with white 
fi sh in monsoon months (low salinity) alternatively after  bagda  in the dry season 
(high salinity). In some places, farmers also cultivate rice (mainly amon rice) in 
their  golda  farms and get an additional crop in variable quantities. Due to sea level 
rise and increasing events of high tides with higher water levels, many new areas in 
the coastal zone being transformed from low saline to medium and high saline areas 
compared to the past. Rice farming in these newly saline-infested areas is getting 
diffi cult and non profi table and thus shrimp farming is emerging as a viable option to 
adapt to local environmental changes. 

  Sea bass farming : Sea bass ( Lates calcarifer ) locally called  vetki  or  coral  is a brack-
ish water species found in the coastal zone of Bangladesh in large quantities. This 
species comes from capture sources although it has high culture potential and has 
very high commercial value both in country and export markets. In some areas of 
southwestern (viz. Satkhira district), a few farmers recently started sea bass farming 
in ponds/ ghers  mixed with white fi sh mainly tilapia. Sea bass has high potential in 
aquaculture in coastal saline prone areas. However, sea bass farming technology is 
yet to be standardized through fi eld trials and adaptive research before it is to be put 
on for expansion in mass scale as adaptation technology to climate change impacts 
in the saline prone coastal zone of Bangladesh. 

16.4.1     Aquaculture Technologies in Climate Change 
Affected Southwestern Bangladesh 

 Worldfi sh is implementing a 5-year long project under the feed the future FtF aqua-
culture program of USAID aiming at increasing fi sh and shrimp productions in the 
southwestern districts of Bangladesh since 2012. The project currently demonstrat-
ing 12 different aquaculture technologies encompassing wide range of aquaculture 
practices viz. improved culture techniques of commercial species like shrimps, 
prawns, carps, tilapia, pangus and experimental production techniques of non-tradi-
tional species like mola, singh, magur, koi in ponds (Rahman and Siddque  2012 ). 
Of these technologies, 7 are being demonstrated in high saline prone Khulna area, 7 
in low saline prone Barisal areas, 11 in mild to no saline prone Jessore and Faridpur 
areas (Table  16.7 ).
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16.5         Water Related Adaptation 

 Water stress will be one of the major threats to human society in the age of climate 
change with differentiated shocks over different seasons. Bangladesh NAPA (MoEF 
 2005 ) focused on water issues by mentioning that water related impacts would be one 
of the most critical threats to Bangladesh due to climate change with higher impacts 
in the coastal, riverine and drought prone areas. It is expected that at times there 
would be too less water to support functioning of ecosystems and landscape-based 
production and extraction sectors while in other seasons and other areas (even at the 
same time) of the year, people suffer from excessive water that would damage the 
livelihood assets including availability of drinking water. The coastal zone of 
Bangladesh is seriously affected by salinity intrusion which is now being intensifi ed 
due to sea level rise coupled with reducing freshwater fl ows from rivers upstream 
caused mainly due to unilateral withdrawal of Ganges River water by India through 
Frakka Barrage since 1975 (Mirza  1997 ). Water related adaptation to climate change 
threats has made progress in the coastal areas of Bangladesh particularly focusing on 
drinking water availability and adopted various measures like rainwater harvesting, 
pond sand fi lter, piped water systems, and drinking water from some dedicated ponds. 

  Rain water harvesting : Rainwater harvesting has been a common practice in the 
coastal zone where salinity concentration in rivers, canals, ponds and ground water 
is higher particularly during dry season. This practice is also adopted in areas where 
arsenic concentration in ground water is high. People in high saline coastal areas 
collect rainwater during monsoon and store it in large earthen pots, plastic tanks, 
and concrete tanks for use in post monsoon period. This practice is largely done on 
individual basis as well as collectively where some households jointly collect, store 
and share rainwater afterwards. Quantity of rain water harvested depends on the 
ability of the households to arrange numbers and size of water storing pots. This 
practice is popular in the exposed coastal zone where salinity is higher in the 
Southwestern districts mainly in Satkhira, Khulna and Bagerhat. 

  Pond sand fi lter : In the high saline coastal zone of Bangladesh especially in the 
districts of Satkhira, Khulna, Bagerhat and some parts of Barguna people suffer 
from the scarcity of drinking water particularly in the dry season when salinity level 
goes higher both in surface and sub-surface water sources. Under the current phe-
nomenon of climate change, this problem is further aggravated particularly after the 
two cyclones in 2007 and 2009. Pond Sand Filter (PSF) is a technology that demon-
strated by DPHE/UNICEF with NGOs in the coastal districts since 1985 (Ferdoushi 
and Bolkland  2000 ). Communities in such places collect drinking and cooking 
waters from these facilities. This technology is now proven and a viable adaptation 
option in the high saline coastal areas to meet the demand for sweet water for drink-
ing and cooking purposes. 

  Desalinization for drinking water : In some of the saline prone coastal areas, 
desalinization of available saline water can be a viable option for making avail-
ability of drinking water at household level. UNDP through its CDMP-II project 
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has supported many poorer communities in the southwestern districts to install 
desalinization devices. These devices desalinize the saline water from nearby 
ponds or canals and make the water suitable for drinking and cooking. However, 
this technology is costly and a villager alone cannot afford to have this device due 
to fi nancial incapability. 

  Piped watering systems : Recently, piped water system is demonstrated in a few 
places in the high saline coastal zone where underground water in some pocket 
areas are found sweet and drinkable but are diffi cult to access by many households 
due to poor communication systems as there are networks of canals in the coast with 
inadequate bridges and culvert to cross. In such areas NGOs and UNDP through 
CDMP-II project initiated solar powered piped water distribution system from the 
sources of sweet water to the villagers. This technology is appropriate for the coastal 
zone to reduce peoples suffering from the scarcity of drinking and cooking water 
and can save time for women and men spend in fetching water from distant sources 
otherwise can do productive or cost saving works for the ease of the households’ 
livelihood security.  

16.6     Disaster Related Adaptation 

 Historically, Bangladesh is a disaster prone country and every year it experiences 
one or more climate induced disasters in the form of fl ooding, cyclones, drought 
that affect lives, livelihood assets in many parts of the country (MoEF  2005 ). 
Among others fl ooding both early fl ashfl oods and monsoon fl ooding have been a 
normal phenomenon and every year 20–25 % of the country is inundated by some 
form of fl ooding. Flooding intensity varies by year and has estimated that 37 %, 
43 %, 52 % and 60 % of the country gets inundated with fl oods of return periods of 
10, 20, 50 and 100 respectively (MPO  1986 ). Recent phenomenon of climate change 
and climate variability further intensifying the already existing climate related haz-
ards like river fl ooding, coastal fl ooding, erosion, cyclones and storm surges resulted 
in increasing loss of lives, assets, infrastructure and production sectors. Cyclonic 
storms and fl ooding killed more than 4.6 hundred thousand and 41 thousand peoples 
respectively and affected nearly 45 and 356 million peoples respectively during 
1970–1998 (MoEF  2005 ). The north eastern deeply fl ooded haor basin is suscepti-
ble to monsoon fl ooding for around 6 months of the year. High winds in monsoon 
cause strong waves in haor area that erodes village mounds at varying degrees each 
year. Climate change induced higher fl ooding and storms cause more intense winds 
and waves and more and more villages are now at risks of being eroded. Different 
models of village protection mounds (CC blocks, RCC retaining wall, CC blocks, 
brick wall and bamboo grass-mud-fencing local methods) have been demonstrated 
by different NGOs, projects and communities in the area to save the villages from 
erosion. To protect houses from fl ooding, making house on raised plinth has been 
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practiced in the riverine and coastal char lands. The CDMP-II has taken up a recent 
initiative to raise the entire village rather houses as test case in southwestern  districts 
of Khulna and Satkhira. In the coastal area, the fi shing communities face problems 
of boat capsizing due to increased frequency and intensity of cyclones, rough sea 
weather conditions and sea level rise. Technology to strengthening boat to with-
stand shocks is tested in Noakhali areas has high potential for replication (Rahim 
 2008 ). Some of the key adaptation technologies to address disaster issues are pre-
sented in the following section. 

16.6.1     Village Protection from Erosion in Haor Basin 

 During monsoon the fl ooded haor basin looks like a vast inland sea. In the event of 
high winds, strong waves form in haor during monsoon that erodes the villages that 
directly exposed to wave actions. As this has been an old problem, villagers used to 
take up various measures to protect settlements. In this climate change era, villages 
of deeply fl ooded area are exposed to severe erosions. Several technologies are 
tested to protect village mounds from erosion. Raising RCC retaining wall and CC 
blocks were tested under a donor supported project to protect some wave affected 
villages in around a decade back in the haor areas. Although retaining wall worked 
well but the technology is very costly. Later in 2009–2010 only brick wall (no 
cement and non re-enforcement) against wave action on exposed sides of the vil-
lages resulted well and the technology is cheaper than RCC retaining wall and CC 
blocks. Compared to concrete retaining wall and CC blocks, this simple brick made 
retaining wall is cheaper and easy to construct. The brick made retaining wall can 
be a viable adaptation option for the villagers exposed to higher erosion risks. Apart 
from retaining wall, local practice of village protection is cheapest and can be 
improved and disseminated to wider communities. 

 Local people practice low cost measures to protect their houses from wave 
 erosion. Villages along the border of Indian Meghalayan Hills collect big sized 
boulders from the hilly streams and rivers make stake on the slopes of courtyard 
and houses. Some people plant koroch (Pongamia pinnata) trees (tree variety that 
survives in inundation conditions) just below the boulder stakes in the form of 
green belts. These bolder stakes and koroch trees collectively provide protection 
to houses against wave induced erosion. People who live at distant place from the 
border and access to boulders is not easy, they practice chailla–bamboo–mud 
bunds to protect their houses. Chailla is a kind of tall grass that naturally grows in 
haor areas during dry season and bundle of such grass mixed with mud and fi xed 
with bamboo poles gives a spongy effect to wave action and thereby reduces the 
strength of wave and thereby wave induced erosion is protected. But this technol-
ogy last for 1 year and people are to fi x these bunds every year. On the other hand 
the boulder made protection measures last for few years with initial higher costs.  
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16.6.2     Houses Protection in Flooding Areas Including 
Coastal Zone 

  Houses on raised plinths : Flooding and inundation has been a major problem in the 
central fl oodplains including the charlands of the rivers of Ganges, Brahmaputra–
Jamuna and Meghna since long. Every year during monsoon months people live in 
these areas suffers from inundation of their homesteads and houses due to higher 
fl ooding depths over variable time frames depending on land elevations. This prob-
lem of inundation of homesteads including houses has recently been experienced in 
some low lying coastal areas. Recently, apart from cyclones and storm surges, in 
some coastal areas villagers experience inundation of their homesteads and houses 
even during high tides which they see as a new dimension of threat not existed before. 
This problem may have been linked to sea level rise as a result of global warming. 
Besides, people in coastal Bangladesh faced two devastating cyclones namely Sidr 
and Aila in 2007 and 2009 respectively when thousands of coastal houses were inun-
dated by saline water for variable times. After the cyclone Aila and Sidr many house-
holds in the low lying coastal area were assisted by the government and NGOs to 
make their houses on raised plinths to get protected from coastal fl ooding either due 
to abnormally high tides or cyclones and storm surges. CARE Bangladesh through its 
Flood Proofi ng Project demonstrated making of houses on raised plinths in riverine 
char lands of Brahmaputra River systems to protect from fl ood hazards in late 1990s 
which now being replicated by other actors in the wider char lands (CNRS  1998 ). 

  Settlements/village on raised lands : After the devastating cyclones  sidr  ( 2007 ) and 
 Aila  ( 2009 ), government of Bangladesh through CDMP-II demonstrated an innova-
tive idea of raising the whole settlement or village rather raising the individual 
house plinths and named it as “climate resilient habitat” where all the families have 
houses built on raised village and hence the whole village is free from coastal inun-
dation. The design has provisions for common places like separate ponds for bath-
ing and drinking, community center, small market, payer places, etc. so that other 
necessary livelihood facilities are also safe from coastal fl ooding. 

  Mud wall housing : Dwelling houses with mud wall is not a new technology rather 
an old technique in drought prone areas in North Bengal and other areas in the north 
and south to protect themselves from heat waves. In the current event of increasing 
temperature due to global warming, more people are now making mud wall dwell-
ing houses where warming affect is acute. Earthen wall is cheaper and can be made 
out of locally available materials (clay) and the technology is easier and known to 
the people. Earthen wall made houses are liked by the poor for its excellent thermal 
properties that gives soothing environment inside compared high temperature out-
side. This technology is a suitable adaptation option for people in areas with severe 
weather conditions. 

  Cyclone resistant housing : Coastal area of Bangladesh is prone to cyclones, storm 
surges and high winds that affect people the most live in the exposed coasts. The tropi-
cal cyclones often come with very strong winds with as high as over 200 km/h which 
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damages houses that are mainly made up of tin roofs with kuccha (bamboo splits) wall 
and earthen plinths. IUCN Bangladesh demonstrated building of cyclone resistant 
housing during 2006–2008. The recommended house structure strengthening the weak 
areas of traditional house structures and then incorporated strengthening measures in 
to it keeping the core design structure roughly unchanged (Mallick et al.  2008 ). These 
high wind or cyclone resistant house structure adopted some key principles:

•    House should offer minimum wind obstruction, keep the roof pitch between 25° 
and 35° to minimize suction caused by negative pressure,  

•   Avoid large overhangs, separate veranda coverings and frames from the main 
roof,  

•   Make sure of strong fi xings and joints between all elements of the house and 
fi xing must be good enough and frequent enough to stop the structure form 
breaking,  

•   Balance the size of openings in opposite walls and make sure all opening can be 
closed,  

•   Planting of trees and bushes to reduce wind act as wind beaker.    

  Reinforcement of coastal fi shing of boats : Boat capsizes is a common event in the 
coastal fi shing. Key reasons for boat capsize as described by the fi shers that hitting of 
boats with submersed chars (san bars) in the coast during strong winds or cyclones 
for breaking of boats and fi nally capsized. IUCN jointly BUET researchers conducted 
a boat capsize assessment and designed along with the fi shers and local boat makers. 
The team reinforced the boat with installation of iron sheets with frequent fi xing with 
the wooden bars across the boat that holds the wooden bars together so that woods 
remain together while the boat get hit with chars during high winds (Rahim  2008 ). 
This technology of boat reinforcement can sustain hitting and thus can sustain during 
high winds. With little additional costs the fi shers can protect boats from being lost 
and thus can save their lives and assets from high winds and cyclones.   

16.7     Potentials for Furthering the Adaptation Technologies 

 Bangladesh experiences different types of climate induced disasters very frequently 
such as fl ood, drought, cyclone and storm surge which triggers a whole set of 
mechanism that affects the economic and social lives of people. Adaptation technol-
ogy is a location and hazard specifi c concern and people living in vulnerable zone 
are comparatively poor or marginal and subsistence farmers or fi sher communities. 
They are resilient and adapt with the situation with their traditional knowledge and 
coping technology. But over time climate change scenario is deteriorating and peo-
ples’ indigenous knowledge and local wisdom as well as coping strategies seem 
likely to address the threat without appropriate technology support and necessary 
skills. In response to this upcoming scenario in an age of climate change with lots 
of uncertainties, it is need of the time to emphasize on scaling up existing current 
practices, development, promotion and diffusion and adoption programme at short 
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term, medium and long term targets. Technology is created in response to market 
pressures-not the needs of poor people, who have little purchasing power. Research 
on and development of technologies for poor people’s needs have long been ignored 
and underfunded. Since it is estimated that 17 % of the coastal area would be  
submerged due to sea level rise which in turn would transform a large area of fresh 
water ecosystems into saline, there is a massive potential need for technologies to 
adapt to coastal and marine based livelihood means which still largely remains as 
an ignored sector in Bangladesh. There is no dedicated source of funding for such 
preparation and commitments to technology transfer are central to many interna-
tional agreements but many of those provisions are either ignored or inadequately 
implemented. 1   

16.8     Conclusion 

 Slow on-set persistent climate induced disasters require advance planning for 
long- term solution with adaptation technologies which involve investment for 
research and development against different climate change scenario. Building local 
technological capacity is central to forging long term solutions because technolo-
gies for development cannot and will not be supplied through the global market-
place alone. Promotion, scale-up, development and diffusion of adaptation 
technologies need attention in the area of climate resilient agriculture, energy, infra-
structure, transportation, and construction, health care and so on. Being a least 
developed country with high population pressure, major concern is to maintain food 
security and ecosystem based livelihood opportunities in the face of changing cli-
mate. A number of technologies are in practice in the agriculture sector in different 
geographical locations have specifi c climate related stressors that necessitate spe-
cifi c adaptation technologies and options. Some adaptation initiatives to address 
increased disaster risks due to climate change and some piloting are done in disaster 
prone areas of the country have good lessons need to be documented for wider dis-
semination. Although various climate change adaptation project/activities are ongo-
ing, stock taking of adaptation technologies in practice in geographical locations 
has not done yet for analysis of their effectiveness and further improvements.     
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    Abstract     Habitat and infrastructure is central to all the aspects associated with 
human life and living. While climate change is an all important issue, adaptation of 
human habitat and the physical infrastructure remains a key challenge to address. 
The concept of resilient built environment stems from the idea of lessening disaster 
impacts as well as quickening the recovery process. As hydro-meteorological disas-
ters are likely to increase in terms of frequency and intensity as a consequence of 
global climate change, vulnerable community needs a more resilient built environ-
ment. But all the technically sound options are not viable for communities with 
resource constraints. This chapter describes how an approach incorporating local 
knowledge and skills with realizable technical knowhow can help building a better 
resilient community. Flood and cyclone are considered in this instance. For fl ood, 
the concepts elaborated here are yet to be realized. For cyclone, two realized case 
studies are presented. The core objective of this chapter is to address the importance 
and usefulness of looking at the “process” of building infrastructure rather than 
looking at the “product” in isolation. The “process” refers to involving community 
in the generation of design ideas and also respecting the local knowledge and skills 
in the construction procedure thus imparting the real sense of ownership to the com-
munity. While adaptation to climate change is the concern, such sense of belonging-
ness by the community can help make it better.  
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17.1         Introduction 

 It goes without saying that if we are able to create habitats and infrastructure that 
adapt to climate change appropriately then we need not worry about the issue as 
much as we do. But the multifarious aspects of climate change and variability make 
this a diffi cult task. Furthermore we are not entirely sure about the extent of the 
likelihood of all the predictions of climate change coming true; some may have been 
overstated and some under. Nevertheless that climate change is a reality is evident 
(IPCC  2007 ). The need to adapt to it is becoming more and more of an issue as we 
continue to experience its effects. On the one hand there are many aspects that need 
adaptation e.g. livelihoods, agriculture, food security, migration and so on, the issue 
of adaptation of habitat and infrastructure need a more practical and down to earth, 
perhaps to a large extent engineering and architectural, solutions. How much these 
need to be top down and how much bottom up also needs to be understood. 
Adaptation of habitat and infrastructure is not a standalone issue; they are related to 
other aspects of climate change adaptation. The ability to understand these intercon-
nections is the key element that will help us address the problem.  

17.2     Concept 

 One of the effects of climate change is the alteration in frequency and intensity of 
hydro-meteorological events (IPCC  2012 ). In this case of relevance to Bangladesh 
are cyclones and fl oods. 

 There have been several cyclones in recent years. Because of innovative 
approaches in mitigating cyclone disasters such as cyclone shelters, early warning 
systems, and the Cyclone Preparedness Program (CPP), casualties have been greatly 
reduced. As opposed to about 300,000 deaths in the cyclone of November 1970 and 
138,882 or so deaths in 1991 (SMRC  1998 ), there were only 3,363 deaths because 
of cyclone Sidr and an even lesser number, 190 for cyclone Aila ( Disaster 
Management Bureau website ). However, Aila has long term effects on housing, 
infrastructure and livelihoods, the consequences of which are far reaching and can 
even be seen now. 

 Early warning systems for fl ood disasters have also lessened the instances of 
deaths not only due to the fl oods themselves but also deaths due to post fl ood epi-
demics. The makeshift hospitals provide medical services to the victims at very 
basic level, and these have reduced mortality and morbidity. 

 The challenge lies in developing creative adaptive responses to the effects of 
climate change induced disasters such as fl oods and cyclones. If a situation can be 
reached where housing and infrastructure receive less or no damage and life can 
quickly return to its original pace after a disaster event it could quicken the recovery 
process (Mallick and Rahman  2008 ). The key issue here is creating a resilient built 
environment, one that is not completely destroyed or washed away. There are of 
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course technical solutions to these but to make an infrastructure completely resistant 
to fl oods or cyclones is way too expensive. The second challenge within is to seek 
affordable and buildable solutions.  

17.3     Realizing the Concept 

 The fi rst step towards realizing the concept of resilience is to look within. To iden-
tify skills that exists within the community and fi nds ways improving them and 
making them possible from the technical point of view. Two kinds of forces come 
into effect here. The fi rst being effective local skills and knowledge and second to 
complement them with realizable technical knowhow. The fi rst obviously comes 
from the community and the second from technically qualifi ed people such as archi-
tects and engineers and supported by masons, carpenters etc. 

 These two forces have to come together to fi rstly identify the knowledge gap that 
exists in each and then fi ll them up. Working side by side with the community will 
help arrive at solutions that can be implemented. 

 The chapter looks at three examples where this has been implemented; for the 
fl ood situation, looking at indigenous ways of coping with fl oods and the working 
of institution-built fl ood shelters. For cyclones there are two examples of strength-
ening houses and infrastructure in two locations in Bangladesh. 

17.3.1     Floods 

 Rural houses in Bangladesh’s fl ood prone areas have been coping with fl oods for 
centuries. In fact fl oods are a part of the lives of these communities and they have 
their own coping mechanisms (Fig.  17.1 ). They build on raised ground and plinths. 
What becomes a problem is when fl oods last for a long time and connection to 
 community is lost, potable water become scarce and unsanitary conditions prevail 
for extended periods.

   A comparative analysis of different types of fl ood shelters in Bangladesh 
(Rahman et al.  2010 ) suggests that people have their own means of coping with 
fl oods, they are often not adequate. Some innovative inputs can be applied to these 
known solutions to make them work better. For example stabilizing the plinth with 
a 5 % cement mix renders them stronger. Also using geo-textiles and certain types 
of plants along the slopes of the raised homestead makes the ground more stable. 

 One solution goes on to suggest fl oating houses where each house rises with the 
fl oods and remains anchored in place, while another proposes an easily dismantle-
able fl ood shelter, so that it can be moved to higher ground if necessary (Fig.  17.2 ).

   As such embankments are built to keep away the fl ood waters and during fl oods 
the affected people take shelter on them. One approach could be to plan these 
embankments in way that they widen at certain points to house a shelter or a market 
(Fig.  17.3 ) and they are connected to the homesteads.
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   Not all these solutions have been tried, as they are still at idea level, but very 
much implementable given some more technical input e.g. the design of the pon-
toon and the joinery details of the houses.  

17.3.2     Cyclones and High Winds 

 Cyclones in their aftermath leave a lot damage, much more than fl oods and in a 
shorter span of time. Given the nature of construction in the rural areas of 
Bangladesh’s coastline, the houses are highly susceptible to destruction, often total. 
The number of houses that were totally damaged by cyclones Sidr and Aila were 
564,967 and 243,191 respectively ( Disaster Management Bureau website ). When a 
household’s shelter is totally destroyed, and if they are poor there is little chance of 
rebuilding the houses immediately. They would then live in makeshift shelters on 
high embankments, perhaps for years on end. 

  Fig. 17.2    Dismantleable shelter and fl oating houses.  Source : Rahman et al. ( 2010 )       

  Fig. 17.1    Adapting homesteads for fl oods.  Source : Rahman et al. ( 2010 )       
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 The concept realization approach here is again to combine local knowledge with 
technical knowhow. While it may not be possible to design and build indestructible 
houses for cost reasons, it may be possible to build ones that suffer less damage. The 
idea is to create a structure which if destroyed is not totally so but to the extent that 
it can be rebuilt quickly.  

17.3.3     Process and Product 

 Building such houses and infrastructure, while it can be a top down process, it isn’t 
always effective. There is no sense of ownership and if there is no participation of 
the occupants in the process there is no motivation to improve upon it. The idea that 
was stressed here is one where the process of design and construction is more 
important than the product. The understanding being that if the process is correct 
the product will be too. 

 The process involves all the stakeholders i.e. the homeowners, the mason and 
 carpenters and the architects and engineers. It involves the combined pooling of 
resources and ideas to design and build houses that are more resistant to high winds than 
a normal structure is. The process starts with the sharing of ideas and identifying skills 
and gradually evolves into a buildable design solution. Dialogues are held amongst all 
to better understand each other and to know where ones role lies in the process.   

  Fig. 17.3    Embankment design for adaptation to fl oods.  Source : Rahman et al. ( 2010 )       
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17.4     Two Houses and Two Schools in Noakhali 

 A small project funded by IUCN called for the strengthening of two houses and 
retrofi tting of two schools, against cyclonic winds in the Noakhali region of 
Bangladesh. The budget was quite low and the idea was to base the strengthening 
on existing construction methods. 

 The community representatives along with some masons and carpenters met 
with architects and students at the Department of Architecture, BRAC University 
(Fig.  17.4 ). They developed a design which incorporated some simple means of 
strengthening the houses. This included deeper foundations, cross bracing of the 
house frame and stronger joints in the roof frame with narrower purlin spacing in 
lower side of the sides of the frame.

   Next steps consisted of actual construction on site with some more safety option 
incorporated during the construction process. 

 For the schools the entire one storey structure was stripped to reduce it to it bare 
frame, which was then strengthened with cross bracings and stronger ties. 

 The results achieved evolved as the end result of a process, where the house 
owner, and the community, participated with engineers, architects, masons and car-
penters is developing a design that suited the needs and the means.  

  Fig. 17.4    Stakeholder consultation at the design phase ( top two ) and a house ( bottom left ) and the 
school ( bottom right ) of the Nokhali project.  Source : Khandoker Hasibul Kabir, Department of 
Architecture, BRAC University       

 

F. Mallick



337

17.5     A Climate Resilient Habitat in Satkhira 

 This is also called a “Disaster Resilient Habitat” but the word “disaster” could be 
replaced quite easily with “climate” as it serves both purposes. The area, which was 
not very cyclone prone, have recently been hit by two cyclones, Sidr and Aila, 
unusual events that could be attributed to climate change. 

 As a result of cyclone Aila this community of 43 households not only lost their 
homes and livelihoods but also became subject to tidal fl ooding because the embank-
ments that protected them were damaged. This damage was not only due to the 
cyclone but also a result of man induced weakening of them. Holes were made in 
them to bring in saline water for shrimp farming, thus weakening them. 

 The objective of the project, funded by UNDP and realized by BRAC University 
and BRAC, was to rehouse the affected households in homesteads that were resis-
tant to cyclonic winds and to an extent storm surges. It was not possible to provide 
the entire space requirements of the households, hence part of the homestead would 
be raised and the space underneath could be used by the people build what they 
needed. 

 Again, the process took precedence over the product. A number of consultation 
sessions were held with the community both on site and in the studios of the 
Department of Architecture (Fig.  17.5 ). Experience from the project in Noakhali 
was also added to the information fl ow that took place. It was discovered that the 

  Fig. 17.5    Stakeholder consultation at the different stages of the design procedure for the climate 
resilient habitat project in Satkhira.  Source : Khandoker Hasibul Kabir, Department of Architecture, 
BRAC University       
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community had good carpentry skills because they were boat makers. The engineers 
designed the frame on which the houses would stand given the tough site conditions 
and bad soil (Figs.  17.6  and  17.7 ).

     The site had been made saline by the breaches in the embankments hence casting 
a concrete frame proved diffi cult. The responsibility of providing fresh water for the 
concrete was given to each homeowner to ensure quality. The design evolved as the 
process went on and revisions and corrections were made to them as the process 
developed. A group of architects stayed on site to supervise the construction. 

  Fig. 17.6    Individual house construction in progress for the climate resilient habitat project in 
Satkhira.  Source : Khandoker Hasibul Kabir, Department of Architecture, BRAC University       

  Fig. 17.7    Independent modifi cations and extensions at the post-basic construction phase. The 
 bottom-right  is the photograph of the school-cum common shelter.  Source : Khandoker Hasibul 
Kabir, Department of Architecture, BRAC University       
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 The basic design called for a timber frame house sitting atop a concrete frame of 
9 ft × 12 ft. The timber frame was fi rmly attached to the concrete frame with on-site 
designed joinery. The homeowners’ boat-making skills were used to build the 
strong wood frame made from timber that had been sourced from trees that had 
been replanted. The roof was made with tiles, the area being famous for producing 
good quality ones. Since the tiles were susceptible to being blown away by winds 
each one was screwed on to the roof frame. 

 The space below the houses could be used by the homeowners to construct 
makeshift or even permanent additions, thus extending their space. The house on the 
concrete frame need not be used all the time and in emergencies they could provide 
shelter to the household or perhaps even some neighbors. 

 A school was added to the scheme, replacing the one that was lost in the cyclone. 
A part of the land around the school was raised to adjoin it and would serve as a 
place of safety for cattle during a cyclone. Raising the houses on concrete stilts 
would also make them useable should sea level rise happen to the extent that the 
surroundings are inundated. In that case the community would have to rely on boats 
for transportation and grow saline resistant variety of crops.  

17.6     Conclusions 

 Adaptation to climate change requires the participation of many actors, govern-
ment, non-government and particularly the people who the adaptation is for. Of the 
instances of fl oods and cyclones mentioned in this chapter, the suggested action for 
fl oods had been consolidated after consultation with the community. In the case of 
stronger houses and the climate resilient habitat the people actually participated in 
the process. 

 Sense of ownership is important in the adaptation process for it to succeed. 
Although the overall responsibility may lie with the government or other agencies, 
eventually it is the people who will be facing the challenges. Thus participation in 
the process gives them a better understanding of the issue and perhaps be more 
aware of climate change as a whole.     
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    Abstract     Community-Based Adaptation (CBA) has emerged as a notion in climate 
change discourse given to its extensive span as ‘practice area’. This is now widely 
practiced in Bangladesh particularly since 2002. In other parts of the world also, 
CBA is also an action area particularly after climate change impacts have begun to 
unfold in terms of increased climate disasters in recent years. Till now CBA has 
been conceived by the development practitioners as an effective approach to reduce 
vulnerability of the poor and marginalized people from climate change impacts. 
This was done under the framing of participatory development that was conceptual-
ized in the 1970s and 1980s.  Historical accounts reveal that the seed of thoughts on 
CBA is rooted in Taoism, which was developed in 600 BC in China. Now because 
of climate change, it is viewed that CBA as a practice area has come to stay.    
Therefore, it’s time to synthesize the practice experiences around the world into 
some form of coherent theories and concepts, so that it can play an effective role in 
strengthening adaptive capacity of the poor communities around the world. This 
chapter attempts to lay down a conceptual framework for the CBA, so that it can 
proceed further into its application with theoretical and methodological rigor. Our 
discussion on conceptual framing is substantiated by two case studies of CBA in 
southwest of Bangladesh, which we argue had sound conceptual and methodologi-
cal rigor in their designing and implementation. Our conclusion is that CBA pro-
gramme has to be people centered, process oriented, community led, knowledge 
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oriented, empowerment focused and accountability driven. And all these aspects 
constitute major areas of further academic research and analysis.  

  Keywords     Climate change   •   Climate change adaptation   •   Community based 
adaptation   •   Community based development   •   Community led development   
•   Practices   •   Theory  

18.1         Community Based Adaptation: Theoretical 
Underpinnings 

    “Community Based Adaptation” as a term has emerged from community based pro-
grammes in climate change sub-sector, disability sectors and poverty reduction sec-
tors as a “terms of convenience”. This is largely based on a community based 
approach to development, and climate change adaptation here is considered as a 
development issue. There is no agreed defi nition of “community based approach”. 
However, there are many popular philanthropists (Paulo Freire 1921–1997; Gandhi 
 1962 ; Richard Ho Lung as founder of Missionaries of the Poor, and others) and 
academic scholars and researchers (Mikloucho-Maclay  1950 ; Malinowski  1922 ; 
Chambers  1983 ,  1992 , and others) who has provided basis or popularized the idea 
of community based approach in development by encouraging the “community” as 
active agent of knowledge not as only passive recipient of knowledge. Though we 
fi nd the idea of community led approach in Lao Tzu’s (BC 600–525) poem, who 
founded the Taoism in China. There is also dual qualifi er used in community devel-
opment: community  based  and community  driven . This difference refers a serious 
lack in the theoretical development in the community development. There are 
approaches in community development, but no such grand theories. The landscape 
of many of these theories is deeply rooted in the “concept of participation” devel-
oped in nineteenth century (Mikloucho-Maclay, 1871–1883 fi eld work in Papua 
New Guinea) and early twentieth century (Malinowski  1922  fi eld work in Trobriand 
Islands), for the development of empiricism and in 1990s of twentieth century 
(Robert Chambers  1992  and others) in rural development. 

 We need to discuss two philanthropic traditions in India and South America led 
by Gandhi and Paulo Freire to begin the layout of professional community develop-
ment programme. India has a long history of community-based forms of develop-
ment. Clearly signifi cant were the cooperatives tested by the poet Rabindranath 
Tagore and Gandhian notions of village self-reliance and small scale development 
(Gandhi  1962 ), which Gandhi perceive as a remedy to the penetrating effects of 
modernization and colonial rules. Another infl uential perspective was offered by 
(Freire  1970)  in his book  Pedagogy of the Oppressed . Freire argued that the 
oppressed needed to unite to fi nd a way to improve their own destinies. These two 
philanthropic idea of community based or community led development drive the 
fi rst-wave of participatory development in the 1950s, which by 1960s had spread to 
more than 60 countries in Africa, Asia, and Latin America, largely through the 
USAID (   White  1999 ). These were never seriously evaluated, and the knowledge of 
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such initiatives was almost lost as the funding from USAID dried up. Such artifi cial 
conditionality for receiving aid has an impact on it, and aids were infl uenced by 
strong economic models with robust idea of ‘big development’. At the beginning of 
mid- 1980s critics of “big development” appeared in scene and start complaining 
that a large number of big, government initiated development programmes were 
performing poorly but rapidly degrading common pool resources and causing nega-
tive environmental and poverty impacts. Then again the participatory development 
movement was revitalized and this time this was led by Schumacher ( 1973 ) and 
Chambers ( 1983 ) arguing small-scale development in ways that would allow the 
poor to be informed participants in development, with external agents acting mainly 
as facilitators and sources of funds. This idea of seriously supported by academic 
social scientists, such as Escobar ( 1995 ) and    Scott ( 1998 ) arguing top down per-
spectives were both disempowering and ineffective. The issue of ownership and 
empowerment therefore came strongly as key issue of development during 1990s 
and even now pre-dominant as key ideology in development. 

 Historical trajectory reveals that the seed of thoughts on CBA is rooted in Taoism, 
which was developed in 600 BC in China. Taoism offered the basic fundamentals of 
‘the way’. The root of Tao is defi ned as the way of the universe, nature and balance; 
it is a reality that cannot be grasped in language or thought. The underlying basis for 
Taoism lies between the philosophical and religious poles, as an epistemic idea. 
Both poles of Taoism start from a common critique of “ordinary” knowing of tao 
(way guide). From this mildly skeptical or relativist base, philosophical Taoism 
tends toward pluralism, perspectivalism, skepticism, political equality and freedom. 
In his poem, the founder of Taoism Lao Tzu (BC 600-525) has outlined the philoso-
phy of participatory development and narrated the idea of community based devel-
opment 2,600 years ago. He wrote,

  Go to the people. 
 Live with them. 
 Learn from them. 
 Love them. 
 Start with what they know. 
 Build with what they have. 
 But with the best leaders,

   when the work is done,  
  the task accomplished,  
  the people will say    

 ‘We have done this ourselves’. 
 – Lao Tzu (BC 600–525) 

   While contemporary community based development programs do not conform 
rigidly to a set of predefi ned criteria, most community based programs are based on 
a number of key assumptions. The seven principles are found represent important 
assumptions of the community based approach that emerged over the last 150 years. 
The seven distinct principles though they are separated, there is considerable over-
lap between the individual principles. Most of the principles are a matter of degree 
rather than all-or-none phenomena. The seven principles are: (1) community focus, 
(2) community member’s participation, (3) inter-sectoral collaboration, (4) substan-
tial resource requirements, (5) long term programme view, (6) multifaceted inter-
ventions, and (7) population outcome (Nilson  2006 ). 
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 The theory of community based development infl uenced the genesis of commu-
nity based adaptation. The broad hypothesis is while the problem is global the 
action has to be local. The issue of climate change adaptation came into force with 
an assumption that change is certain (IPCC 4th Assessment Report) and dynamic 
and we have to adapt to change. This has bring the people into the centre of the 
discussion again, and community based adaptation has grown up under the generic 
community based development philosophy with some specifi c uniqueness. One of 
the unique differences is that climate change is future risk and this is not quite 
familiar at community level and the indigenous knowledge has a limit to use to 
combat such uncertain and long term prediction. This CBA programme cannot fully 
based on past experience of the ancestor and there is need of external knowledge in 
the programme, which is different from classic community driven programme. 
Another important aspect is new technologies needs to be developed where scien-
tifi c  community has to work with community and a technology transfer is inevita-
ble. However, this uniqueness does not mean that we will not get benefi t from the 
ancestor knowledge, nor this mean that we cannot rely on people’s own knowledge 
and creativity to discover new solutions to address additional stress to their well 
being due to the climate change. One of the greater challenges is in many cases, 
climate change is not evident at this moment on ground, we have to work on a broad 
assumption and community has to accept that risks in future. Until community 
accept and believe the future risk, whole process of building adaptive capacity to 
the community will not be sustainable. This modality is new in community based 
development approach, where participatory visioning has to be smartly used for 
participatory risk (susceptibility) projection and draw the solutions as a whole not 
only as per single element. 

 There is no grand theory around community based adaptation. The practitio-
ners are consolidating their past 10 years experience in community based adapta-
tion work along with academicians and drawing key principles for community 
based adaptation. Many people (   Bettina and Annecke  2010 ; CARE  2010 ; Haq 
 2008 ) have argued that CBA has no such clear defi nition rather this is an emerging 
approach to address climate change adaptation needs. As an approach, CBA put 
people in the centre of their own development; facilitate the community towards 
a learning process to increase their resilience and anticipatory capacity. The antic-
ipatory capacity or resilience do not mean here response to climate events and 
shocks, but focus on their ability to project a future risk scenario based on broad 
predictions from scientifi c community blending with their own experiences and 
to have proactive measures and wisdom to invest to protect, absorb or accommo-
date future risk scenario. This also refers a transfer of future risk knowledge 
through enculturation process. The proactive measures refer a holistic and set of 
organic process of coordination that includes personal, societal, and ecosystem 
capacity building in a scale, which can enable them to create a positive vision to 
achieve by small add on development from today. This wisdom is a key feature in 
the CBA approach. 
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 In that context, CBA has to a greater extent depended on external resources for 
knowledge, technology and fi nance, which is categorically different from other 
community based approach. This difference is for many causes, one of them is 
about justice. The people usually likely to suffer in climate change and naturally 
compelled to adapt to such changes are not caused by themselves. The innocent 
victim of climate change are usually less contributor and the historical responsi-
bilities therefore lies on others to assist them in adapting to climate change. 
Therefore, fi nance is a different character here in comparison to other types of 
community based programmes. The communities which are usually vulnerable 
are most likely to expose to climate change impacts, and therefore they have lim-
ited capacity to invest in inventing new technology and techniques to adapt to 
climate change. This condition demands a need for knowledge and technology to 
adapt to climate change outside the community in addition to their own knowl-
edge and technology. This difference demands to reframe the term “Community 
Based Adaptation” as “Community Led Adaptation”, where leadership will 
remain to community, their cultural way and governance needs to the basis to 
utilize the external resources, knowledge and technology. They should have the 
fi nal say about accepting or  rejecting the knowledge, technology and resources. 
This uniqueness along with key principles of a community based development 
features will constitute the  characteristics of a community led adaptation 
programme.  

18.2     Practices of CBA in Bangladesh: Two Case Studies 

18.2.1     Case-1: Advancing Capacity for Climate Change 
Adaptation (ACCCA) Project of UNITAR 
in Bangladesh 

  Participatory Climate Risk Assessment and Development of Local Adaptation 
Action Plan  is a pilot adaptation project jointly implemented by North South 
University and Area Development Organization in Assasuni Upazila (sub-district) 
of Satkhira District, Porsha Upazila of Naogaon District and Keshobpur Upazila of 
Jessore District in Bangladesh. The project was 18 months long with a cost of USD 
70,000 fi nanced by ACCCA during 2007–2008. The project had four broad objec-
tives: (a) increase capacity and motivation of communities and Local Government 
entities’ to assess community risks to climate change and variability following a 
participatory process, (b) build confi dence of Local Government entities and 
enhance skills of community people in developing stakeholder-inclusive climate 
risk reduction (adaptation) plans of action at community and local government 
 levels, (c) increase awareness of multi-level stakeholders on livelihood risks to 
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climate change and variability and adaptation options to facilitate government and 
development agencies’ buy-in and mainstreaming climate change issues, and (d) 
increase confi dence of the multi-level stakeholders on replicability of the identifi ed 
local level livelihood adaptation strategies. 

 The project has oriented the Union Parishad on climate change issues, con-
ducted participatory community level climate change risk assessment, assisted the 
local government in developing a climate change adaptation plan at community 
level, organized awareness campaign on the implementation of the climate change 
adaptation plan, advocacy for mainstreaming climate change plan into local devel-
opment, undertaken a few household level climate change sensitive livelihood 
adaptation options, disseminated the successful livelihood adaptation options 
through school sessions to students and awareness raising to the farmer and women. 
The project was implemented in three contexts: sea level rise and salinity context, 
fl ood and waterlogging context, and drought context. 

18.2.1.1     Pilot Climate Change Sensitive Livelihood Adaptation Options 

 Community based pilot adaptation actions were selected from the climate change 
risk assessment and local adaptation action plans for implementation at house-
hold level among the 120 highly vulnerable households (40 Poor and Marginal 
Farmers, 20 Agri-labourers, 20 Landless Women, 20 Indigenous People and 20 
Small Traders). The adaptation processes in fl ood and waterlogged area were 
hydroponics, duck rearing, ring-based vegetable cultivation and charu (fi sh trap-
per) making and in saline prone area, adaptation processes were mat weaving by 
reed, reed cultivation, crab cultivation, sheep rearing and kewara cultivation and 
in drought condition, sheep rearing for ethnic minorities were the main livelihood 
adaptation options. 

   Hydroponics 

 In waterlogging area, hydroponics was proved as one of the sustainable agriculture 
for vegetable productions, which increased the capacity of the poor and marginal 
peasants. 40 participants were trained by the project and ten participants were 
observed practicing the hydroponics after 1 year of the project. The cultivation pro-
cess is very much environment friendly and without chemical fertilizer farmers 
were able to grow summer and winter vegetables. Ladies fi nger, Spinach ( Lalshak 
& Palang shak ) and seedling of Cabbage, Kohlrabi, Tomato Chili, and Caulifl ower 
were cultivated in fl oating bed. This livelihood option has made farmers a new 
alternative to cope with long term fl ooding or waterlogging condition, which might 
be one of the impacts of climate change in fl ood plains. Each family got a grant of 
USD 50 as input and with additional household labours the each family has a cost 
of USD 75.  
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   Charu-Making (Fish Trapper) 

 There were almost 40 benefi ciaries who had no land and do not have other skills to 
alter their livelihoods. Ten of such benefi ciaries were trained on making fi sh- trapper. 
This was suggested by the community and in their logic model it appeared that with 
pro-longed waterlogging, the crop agriculture is likely to shrink and opportunity 
will be more for fi sh cultivation and many people have to shift their occupation from 
farmer to fi sher. There will be then increased demand of fi sh-trap mostly in open 
water fi sheries. In both sea level and waterlogging context there will be necessity of 
more fi sh traps and the trained landless people can maintain income wellbeing with 
this alternative means of livelihood.  

   Ring-Based Vegetable Cultivation 

 Ring-based vegetable cultivation in water logged area was a new concept, where 
vegetables were cultivated round the year. Concrete rings are placed in a rela-
tively higher land around the homesteads and soils are fi lled up, then seeds are 
sown. When they grow, branches are put on structures made of sticks or bamboo 
poles, or they are put on tin/leaf roofs. Pumpkin, Gourd, Spinach, Chili, Balsam 
Apple, and other vegetables are cultivated in the ring-based system. The land is 
usually  inundated all the time and there vegetable productions are obstacle. 
To combat the situation, this small solution have helped them go get some soil 
above the water level by putting the soil in the middle ring putting a small piece 
of wood or polythene cover to protect soil moisture from fl ood water. The project 
piloted this adaptation means to ten families only and all of the families have 
found economic benefi ts of it. Each family was provided 20 rings, seeds and some 
soil as grant from the project, which costs USD 32 for each family and benefi ts 
USD 56 as return.  

   Duck Rearing 

 Duck is a livestock bird animal. It inhabits on both land and water. The suitable 
areas for duck rearing are water logged areas and in open/closed water bodies. Duck 
rearing was the source of income in poor community for meeting their nutritional 
requirements specially proteins. The variety of duck is  kambel ,  indigenous  and 
 Runner.  A total of ten households were supported for duck rearing to combat income 
vulnerability to fl ooding and water-logging context. This was identifi ed by the vul-
nerable households as they could not rear chicken in a recurrent fl ooding in their 
area and assumed that duck could have been a better resilient species to the fl ood-
ing. Each household was supported with 25 pieces of duck with a total cost of USD 
50 with additional 15 dollar support for 4 months feedings before producing egg. At 
the end, this was agreed with the local government that there is lots of scope to 
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increase duck rearing in waterlogging and fl ooding context, because huge areas in 
southwest Bangladesh remain under water or water logged. On the other hand, due 
to climate change, sea level will rise is very likely to occur and poor households 
needs to adapt to the impact and duck rearing in southwest could be a better 
alternative.  

   Reed Cultivation 

 The prawn cultivation is a traditional practice in the coastal region of Bangladesh. 
But the landless poor have no option to cultivate prawn. In addition, water log-
ging and salinity, swampy lands were available in the project area. These kinds of 
lands are not suitable for normal paddy cultivation. In these circumstances, reed 
cultivation practice was introduced by the local people at least 30 years before the 
project worked there. The project has further supported ten households with 
improved varieties, support in training and technology transfer at farmers’ level: 
seed preservation, storage and farmer–farmer distribution. This was an alternative 
livelihood for the poor in the saline-prone area. USD 65 was the support per 
household.  

   Mat Weaving by Reed 

 Reed cultivation and weaving of mat is a nontraditional product and is very signifi -
cant for the livelihood of the poor today in coastal areas. During the project period 
one skill development training on mat weaving was conducted among the  vulnerable 
women. Later, the project supported ten benefi ciaries for mat weaving. Each family 
was provided USD 40 for initial capital from the project and 15 USD to enable them 
with a suitable place for weaving in their dwelling house.  

   Kewra Tree Plantation 

 The Kewra ( Sonneratia apetala ) plants are usually cultivated on saline soil or 
around the ridges of a prawn culture area or in the premises of homesteads. In the 
project, Kewra plants were cultivated near the river beach. The Kewra is used for 
multiple purposes. Its fruit is edible by humans and can be converted to various 
food items. It has an economic importance for additional income to the poor. 
Side by side, it acts as an environmental protector, such as wind-breaks and soil 
protector against erosion in the coastal region. In addition, tree roots and shell of 
the fruits are used as fuel and its wood makes good furniture. There are three 
demonstrations of Kewra cultivation, implemented in Protapnagar Union of 
Assasuni Upazila. This was not a household activity but planted at community 

A.K.M.M. Rashid and M.R. Khan



349

level linking ten benefi ciaries with this project with an understanding that in 
future the households will use the fruits and branches of the tree for their domes-
tic purpose.  

   Crab Cultivation 

 The pattern of the land use is changing in the coastal areas gradually. The causes 
are sea level rise and decrease of fresh water fl ow from the upstream at dry sea-
son. So it was necessary for the community to fi nd out options for adaptation. At 
the same time, some adaptive measures should be evolved to increase the resil-
ience to withstand disaster and climate change impacts of the community. During 
the project period, skill development training on crab fattening was  conducted. 
The project budget allocated USD 600 for three demonstrations. 
The trained-up benefi ciaries successfully completed crab fattening in six cycles 
totaling 9,000 crabs and earned a net profi t of USD 4,000 in a year. A production 
cycle required a full lunar period (12–15 days). The production has inspired other 
vulnerable peasants in the community.  

   Sheep Rearing 

 Sheep rearing also was an important source of income as well as meeting the nutri-
tional requirements specially proteins for vulnerable households in salinity and 
drought prone areas. In drought prone area, sheep rearing was suitable for the land-
less women and indigenous people. Sheep rearing was also an alternative source to 
increase family income. Each family was provided two sheep’s by the project which 
cost USD 30 and other USD 5 for vaccination and medicines. 

 We have analyzed all these options from cost benefi t, empowerment, equity, 
environmental, socio-cultural and technical (adaptation) perspectives. The analysis 
showed that all the projects will provide benefi t at least 3 years. For Kewra cultiva-
tion, the tenure of the benefi ts of intervention will be more than 30 years. Table  18.1  
shows the result of the multi-criteria analysis of the adaptation interventions.

   The analysis shows that considering all criteria, for the community ring based 
vegetable, mat weaving, duck rearing and sheep rearing will be more feasible 
than other options. Interestingly, these options were women focused and there-
fore, gender dimension is also very important and meaningful aspect in taking 
decision about adaptation options. The project started with a climate risk assess-
ment process in a participatory way followed by local adaptation action plan in 
each local government institutions and some pilot actions on adaptive livelihood 
practices. These results were documented and presented to different stakeholders 
at national and local level. The overall methodology and process of the project is 
shown in    Fig.  18.1 .
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  Fig. 18.1    Methodology of  Participatory Climate Risk Assessment and Development of Local 
Adaptation Action Plan  Project       

 

18 Community Based Adaptation: Theory and Practice



352

18.2.2          Case-2: Reducing Vulnerability to Climate Change 
(RVCC) Project of CARE Bangladesh 

 The Reducing Vulnerability to Climate Change (RVCC) Project was the fi rst initia-
tive of its kind in Bangladesh. It was a 3-year project started in January 2002 and 
completed in March 2005. The RVCC project was funded by the Canadian 
International Development Agency (CIDA) and implemented by CARE Canada via 
CARE Bangladesh. The RVCC Project was implemented in six districts in south-
western Bangladesh—Bagerhat, Gopalganj, Jessore, Khulna, Narail and Satkhira—
through partnerships with local organizations and communities. The project goal 
was to increase the capacity of Bangladeshi communities in the southwest to adapt 
to the adverse effects of climate change. The Project has been designed to assist 
Bangladesh, a non-Annex 1 country, to adapt to the impacts of adverse climate 
change via the promotion of sustainable development and the building of local-level 
capacity to advocate on climate change issues. The project worked with communi-
ties and institutions to raise awareness on climate change, adapt to environmental 
changes that could be exacerbated by climate change, and infl uence relevant 
policy. 

 The project worked at four levels:

   Household Level: The project worked with 4,300 vulnerable households to build 
their capacity to adapt to climate change impacts by making them aware of new 
livelihood strategies, using a group-based approach.  

  Community Level: The project also worked with 14 Union Parishads (lowest tier of 
elected government) and community leaders to increase their awareness of cli-
mate change impacts and to develop and implement community-level adaptation 
strategies. The assumption was that community based action will support and 
add value to the household level actions.  

  Institutional Level: The project is supporting the capacity building of six local orga-
nizations in four areas: collection and dissemination of information, advocacy on 
salinity and its impact on potable water, awareness campaigns on climate change 
issues, and impart class lessons on 8-session module on climate change within 
the secondary school system.  

  National Level: Project partners are interacting regularly with national-level cli-
mate change stakeholders on policy advocacy issues in order to increase aware-
ness of local climate change implications and local people’s needs.    

 Here we will discuss only RVCC’s focus on building capacity to undertake 
 concrete actions to reduce vulnerability at the household and community levels. 

  Household-level Activities : The RVCC approach at the household level consisted 
of building the capacity of benefi ciaries to cope with a particular vulnerability con-
text as it impacts on a specifi c indicator of household well-being. The well- being 
indicators and vulnerability contexts were chosen on the basis of a participatory 
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vulnerability assessment that was conducted early in the project, and has been 
refi ned, as fi eld realities have emerged. The vulnerability contexts identifi ed were: 
salinity, fl ood, storm, waterlogging, drought, cyclone and loss of biodiversity. The 
project attempted to address the impacts of these vulnerability contexts on the 
 well- being indicators of income, food, housing, health and potable water. 

 In order to address specifi c combinations of vulnerability contexts and  well- being 
indicators, a number of strategies had been identifi ed:

    1.    Increase food through agriculture   
   2.    Increase income through alternative livelihoods   
   3.    Increase food availability/storage   
   4.    Improve health and personal safety   
   5.    Increase access to safe water   
   6.    Improve safety of housing and other property     

 Within these strategies, different adaptation measures were selected for imple-
mentation based on the needs of grassroots people vulnerable to current climate 
related complexities, and the experience of the partner NGOs in the project area. 
Measures being piloted include: drought-resistant crops, fl oating gardens, duck and 
poultry rearing, rainwater harvesting, cottage industries, introduction of portable 
cooking stoves and fl ood-proof food storage, and storm-resistant housing, among 
others. In addition to promotion of adaptation measures at the household level, 
activities to market the products produced through agriculture and livelihoods mea-
sures were undertaken, along with research activities on hydroponics and waterlog-
ging/fl ood tolerant rice varieties. 

  Community-level Interventions : Two community-level adaptation strategies, 
and corresponding measures, were identifi ed to complement the work done at the 
household level. The community level strategies were to:

    1.    Increase access to common property resources   
   2.    Reduce threats through community-based initiatives    

  Access to common property was identifi ed as a need for landless benefi ciaries in 
order to implement measures under the agriculture and livelihoods strategies. 
Activities under this strategy supported local-level advocacy to ensure rightful 
access to these resources by benefi ciaries. For reducing threats at the community 
level, the project worked with Union Parishad (UP) chairs, members and  community 
leaders to build their capacity to plan and implement community-level measures 
that will reduce threats from the vulnerability contexts of fl ood, salinity, cyclone 
and waterlogging. The measures promoted include Tidal River Management (TRM), 
raising embankments, cyclone shelters and canal excavation. Implementation of 
the measures to reduce threats was not within the scope and resources of the 
RVCC project, however the aim was that each UP will develop an action plan for the 
 measure within the project’s lifetime. 
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18.2.2.1     Process of Designing RVCC Actions for CBA 

 Vulnerability Assessment: The project begins with a vulnerability assessment 
through a participatory process. Following the Participatory Rural Appraisal 
(Chambers  1983 ,  1992 ), the project has identifi ed 48 different aspects in their 
livelihood conditions that made them vulnerable in their efforts to improve or 
even maintain their present level of well-being. These aspects were related both 
to events beyond their control (such as cyclones and death of a family member) 
and to shortcomings in their capacity to cope with these events. In other words 
the 48 vulnerability aspects refl ected both where these people were vulnerable 
to (Vulnerability Context) and why they were vulnerable (i.e. lack of coping 
capacity). 

 The project selected only 28 vulnerability aspects out of the 48 identifi ed, at 
25 % of the community people were exposed to the aspects. The project further 
reduced the 28 selected vulnerability aspects to 17 focusing on climate change 
related vulnerability contexts. Table  18.2  gives an overview.

   The project then tried to identify the adaptation strategies and select a few strate-
gies for piloting. The measures were considered to ensure the strategy and the strat-
egies were very much linked to reduce the vulnerability to climate change. The 
following selected activities (Table  18.3 ) were implemented and tested by the 
RCVV for each of the eight strategies. The fi nal selection and specifi cation of these 
activities was “dictated” to an important degree by the experience of the local part-
ners of the project and the specifi c context they are working in. In a long process, 
the local partners specifi ed the activities they would undertake, based on their 
knowledge and experience and responding to the need of the project to address the 
issues of reducing vulnerabilities to climate change. In practical terms this implied 
that awareness building activities have been skipped as much as possible and that 
community-focused activities were promoted.

   In several aspects, the RVCC Project was a pilot initiative and fi rst of its 
nature in Bangladesh. This did not only refer to its subject: adaptation to climate 
change at the fi eld level, but also to the participatory approach facilitated by 
local non state actors. This was not recognized suffi ciently at the beginning. 
A range of cost benefi t analysis, post project vulnerability matrix and lessons 
learned document demonstrate that there was huge potential to scale up this 
pilot project and many CBA intervention after 2004 followed the methodology 
if this project. There is ample evidence that the RVCC project has contributed 
to the improvement of the capacity of vulnerable households to innovate their 
livelihood strategies, and thereby reduce their vulnerability to climate change. 
The various methods (awareness raising, training modules, learning sessions, 
cross visits, demonstration plots, individual follow-up, etc.) appear to have been 
very effective.    
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   Table 18.3    Overview of strategies, measures and activities selected for implementation   

 Strategy  Measure/type of activity  Vulnerability context 

 Increase food and 
income through 
agriculture 

 Floating garden technology  Waterlogging 
 Saline tolerant non-rice crops  Salinity 
 Drought tolerant crops (BCA)  Drought 
 Homestead vegetation  Salinity; fl ood 

 Increase income 
through alternative 
livelihoods 

 Mele (reed) cultivation  Salinity 
 Saline tolerant tree plantation  Salinity 
 Forestry (nursery and homestead 

afforestation) 
 Salinity, drought, 

waterlogging 
 Embankment cropping  Tidal fl ood 
 Fish and poly fi sh cultures  Waterlogging; tidal fl ood 
 Cage-aquaculture  Salinity, waterlogging 
 Crab fattening  Salinity, tidal fl ood 
 Poultry and duck rearing  Salinity, waterlogging, 

tidal fl ood 
 Safe havens for domestic birds and 

animals 
 Tidal fl ood 

 Livestock rearing  Tidal fl ood, salinity, 
waterlogging, drought 

 Apiculture and honey processing  Loss of biodiversity 
 Production and marketing 

of handicrafts 
 Salinity, fl ood 

 Marketing skills  Waterlogging, fl ood 
 Increase income through 

access to common 
property resources 

 Access to common property regimes 
within the waterlogged areas 

 Waterlogging 

 Establishing rights to government 
khas land for various community 
activities 

 Flood 

 Increase availability 
of food 

 Food storage  Flood 
 Cooking stoves  Flood 

 Improve health 
conditions and 
personal safety 

 Hygiene and sanitation  Flood, waterlogging 
 Protection against cyclones  Cyclone 

 Improve access to 
safe water 

 Awareness on safe water  Flood; salinity 
 Rainwater harvesting and storage  Salinity 
 Small protected pond at hh level  Salinity 
 Community based pond sand fi lter  Salinity 
 Indigenous methods of getting pure 

and fresh water 
 Salinity 

 Deep tube wells  Salinity 
 Improve safety 

of housing 
 Storm resistant housing  Storm 
 Wind breaks around dwellings 

(i.e., houses and community 
buildings/facilities) 

 Storm 

 Reduce threats  Waterlogging 
 Droughts and salinity 
 Salinity 
 Cyclones 
 Floods 
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18.3     Community Based Adaptation: Common Elements 
and Characteristics 

 In earlier sections, we have discussed about the theoretical underpinnings of the 
community based approach, where community based adaptation is also equally 
applicable under the theoretical framework. Later we discussed about two case proj-
ects in Bangladesh. Now, we will synthesize our discussion to draw some common 
inferences for outlining some common features of CBA.

    1.     People Centered : The fi rst common features and element of a CBA is that the 
programme has to be essentially people centered. This might seems very anthro-
pocentric, but for a CBA, this is a fundamental building block. We have seen that 
in both the case studies, people were the center of the programme. Both the 
programmes tried to develop such methodology so that they can work with most 
vulnerable and people at risk that has highest need. Keeping human being in 
centre, the CBA, emphasize that whole other investment is for human being, if 
the investment cannot give benefi ts to the people, with any climate fi ancé adapta-
tion is very unlikely to happen. CARE ( 2010 ) has offered a CBA framework 
focusing on four elements: promotion of climate resilient livelihoods strategies, 
disaster risk reduction strategies to reduce the impact of hazards on vulnerable 
households, capacity development of local civil society and governmental insti-
tutions, and advocacy and social mobilization to address the underlying causes 
of vulnerabilities. If we see the all four elements of its CBA framework, these all 
are people centered. However, others (Haq  2008 ;    Heltberg et al.  2011 ; Bettina 
and Annecke  2010 ; Ensor et al. 2002; IISD  2010 ) also implicitly highlighted the 
people centrism as basic characteristics of CBA. The following aspects could be 
synthesized from the literatures (ibid).

    (a)    Focus on human and social vulnerability to climate change   
   (b)    Focus on human adaptability   
   (c)    Treat different technology or adaptation options as mere means for human 

being to adapt to climate change, the options or practices are not adaptation 
itself   

   (d)    People’s point of view is basis for setting priorities   
   (e)    Decision about means and technology is the key responsibility of human 

being suffering with climate change induced impact events   
   (f)    People is the center of the evaluation and rely on people’s ability is 

fundamental    

      2.     Process Dominated : Adaptation is a very old phenomenon, when the term is 
used to adapt to climate or weather. This means then the change scenario is less 
dynamic and a bit fi xed for a certain period of time. However, adaptation to 
climate change is different than the historical climate adaptation. When the 
change is dynamic, non-linear and to some extent unpredictable, though certain 
but with this uncertain change context, adaptation is very unlikely to be grasp as 
an outcome and hard to measure. This is therefore quite different from other 
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community based programme. In CBA, for this unique context, the process have 
become very important and an important building block for a success. Often we 
therefore ended with “adaptive capacity” instead of “adaptation” as a right phe-
nomenon (Adger et al.  2007 ). Adaptation practices is therefore attempt to actual 
adjustment or changes in decision environment (Adger et al.  2007 ). The assump-
tion is such adjustment will lead to a higher degree of resilience of the element 
at risk in dynamic climate change impacts. If we now consider, the inherent 
people’s point of view in the adaptation, inevitably it will predominantly focus 
on a process that will help a vulnerable community to do persistent actual adjust-
ment to the dynamic nature of the impacts of climate change in future. Taking 
notes from the two case projects in Bangladesh, and the CARE ( 2010 )’s CBA 
toolkit, we can propose the following aspects in the “Process” element of CBA.

    (a)    Participatory is the key process to CBA.   
   (b)    Informed decision making process is important, as many climate change risk 

are unknown to community members and needs information from scientist 
(Rashid and Islam  2006 ).   

   (c)    When change is dynamic, actual outcome is rather impossible, focus on pro-
cess for continuous learning and adaptive capacity is key then   

   (d)    Process is important for community ownership, shared responsibility and 
future oriented actions. This helps to see adaptation is a continuous add on 
process to respond to the dynamic pattern of climate change impacts.   

   (e)    Collective and Inclusive decision making process is important, as the climate 
change is long term and most of the community based programme cannot 
plan for 30–50 years spectrum. The collective decision of scientifi c commu-
nity and local people is therefore very much inevitable and such partnership 
is fundamental to make the process towards resilience. Similarly, inclusion 
approach is very much important as the increasing economic and social 
inequality might create more vulnerability and might make the climate 
change impact worst if we do not meet the differentia needs of the different 
vulnerable groups into an inclusive and participatory decision making pro-
cess at community, when doing CBA.    

      3.     Community Based/Community Led : The idea of community based approach is 
debatable with climate change adaptation issues. Other than CBA, most commu-
nity based programme is designed to use community resources, community 
knowledge, community institutions and community leaders to design, implement, 
monitoring and assess the programme. In case of Climate Change Adaptation, the 
fund is not necessarily to be local and from community. The community has 
become compelled to adapt to climate change and historical responsibilities lies 
with big polluting developed and developing countries. Therefore, in climate 
change adaptation, not necessarily fi nancial resource has to be local. This distinc-
tion urges that the adaptation programme at community level could be termed as 
“community led adaptation”. The leadership should be with community, who is 
likely to adapt and large portion of resource should come from outside commu-
nity as historical commitment from industrial countries. Other than this small 
difference, community base or community led is vital. The key essence is that 
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community organization should be the key entry point for designing the CBA 
programme. Communities own institutions, culture, coherence, human resources, 
political will and other capabilities will be the basis for CBA to reduce the vulner-
ability of the people likely to be exposed to the climate change impacts (Rashid 
and Islam  2006 ). The following aspects or issues are important for ensuring the 
community based or community led characteristics to achieve in CBA.

    (a)    Community Organization and Institution should be the base for CBA service 
delivery   

   (b)    Organizational culture is the key factor of governing the community based 
adaptation programme   

   (c)    Community’s own knowledge, skills, resources and capacities will be the 
basis to build on the adaptive capacity   

   (d)    Community’s leadership is key to drive the CBA programme   
   (e)    Community’s institutions are key to be the partner for most possible works 

in CBA    

      4.     Knowledge Oriented : Most of the CBA programme basically starts from this 
characteristic. In different CBA practices (Haq  2008 ; Heltberg et al.  2011 ; 
Bettina and Annecke  2010 ; Ensor et al. 2002; IISD  2010 ; CARE  2010 ), and in 
the two case studies, we have seen that most of the CBA programme starts with 
risk assessment. The climate change risk is new and dynamic; therefore, the risk 
assessment is important. In most of the communities, climate change impact 
information is very much impossible to get locally. Community has to rely on 
scientists to have that information. In all the programme and toolkits, even in the 
two case projects, the technical people and outside facilitators has conducted the 
risk assessment and informed the community members during the priority exer-
cises. This is not the normative practice in community based approach, though 
most community based assessments are done by external people than the com-
munity but for a good CBA programme, the assessment lead should go to the 
local people, external people will provide information based on scientifi c 
research. If the community feels strongly that there is a need of risk information 
from scientists, and they want to examine that information with their experience 
should be encouraging elements in a CBA programme. Community should col-
lect information, blending the scientifi c information with their experience will 
generate knowledge and understanding and then create solutions and do pilot 
actions and also conduct own investigations along with external support to create 
new knowledge on adaptation. Education institutions, youth clubs and some 
other educated community members can also be involved in such process. This 
will be then helpful for the community to get a quick and capable partner at 
 community for risk and risk adaptation knowledge in their own community. 
The following issues are important in characterizing the knowledge oriented 
community for adaptation.

    (a)    New knowledge is important for risk assessment and adaptation, as the 
issues are much uncertain than to get from the historical trend analysis from 
past experiences.   
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   (b)    Creation, utilization and dissemination of knowledge is important for the 
community. The ownership of all research including very scientifi c research 
should be placed at community or any of its institutions for further uses and 
updating.   

   (c)    Learning is the key driver of change towards resilience journey. Community 
should have more opportunity to learn from CBA and continuously be inno-
vative and application of the lessons into next innovations.   

   (d)    Formal and informal both ways of knowledge management is important.   
   (e)    Building community’s knowledge hub is important.   
   (f)    A knowledge society is fundamental for CBA.    

      5.     Empowerment Focused : The CBA programme has to be empowerment focused. 
Entitlement, deprivation, human rights, governance and justice are the key sub- 
building blocks for an empowered community to run a CBA programme. 
Empowerment will achieve if we can make the people confi dent on their own 
ability to do the CBA: diagnosing the problem, fi nd out the right solutions from 
range of alternatives and being able to implement with minimum technical but 
huge fi nancial support (only in case of adaptation) to face the climate change 
risks (Rashid and Islam  2006 ). This is a critical aspects in CBA different from 
other community based approaches. In this CBA, funding is mostly external and 
therefore risk is high for a less empowerment process in implementing the CBA. 
Therefore, we need to ensure that fi nance as donation is important and a legiti-
mate right under global climate justice framework but often very powerful itself 
to destroy the community’s empowerment and pride. Therefore, following issues 
need to take care during designing a CBA programme.

    (a)    Confi dence on knowledge, skill, capacity, resources is key   
   (b)    Political and economic decisions can be taken by community despite the 

sources of money   
   (c)    Ability to make other accountable is a key power to bring benefi ts for 

community   
   (d)    Empower others when decision has to be collective   
   (e)    More democratic and enabling in tolerate diversifi ed opinion   
   (f)    Rely most on own resources   
   (g)    Entitlement of climate change victim is highly respected, valued and realized    

      6.     Accountability Driven : Accountability is one of the important building block 
in a CBA programme. This has to be ensured that the CBA programme is 
totally accountable to the benefi ciaries and other stakeholders. The CBA pro-
gramme has to ensure that the community can participate in designing their own 
monitoring indicators to capture the progress the CBA projects. This is the last 
building block of the CBA programme. The following issues are very important 
during designing the accountability aspects of the CBA.

    (a)    Is accountable to the constituency   
   (b)    CBA planning, implementation and monitoring system is participatory and 

transparent   
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   (c)    Ensure both downward and upward accountability   
   (d)    Share responsibility and rights with community members   
   (e)    Make other’s accountable to the community    

18.4           Conclusion 

 In the whole discussion in last three sub-sections, this is apparent that Community 
Based Adaptation is a very promising area of investigation in terms of community 
based development paradigm. The CBA might contribute a lot in the overall 
 community development approach as the CBA is in many terms unique than usual 
community based programme. This is also true that CBA has not just emerged from 
the sky and we have discussed the clear historical genesis of community based 
approaches and CBA’s fi ts into those broader approaches. The differences in CBA 
might be further area of investigation to develop theories in community based 
 adaptation. The discussion also highlighted that an opportunity in developing a 
theory is very likely as the practices are now very wide spread and we have also 
a long history of community based disaster preparedness programme, which is very 
closely connected with community based adaption programme. Bangladesh is 
unique in many cases; but for climate change this country is not only unique but also 
a fi eld laboratory and knowledge hub for global adaptation practitioners. The two 
case projects that we have discussed have provided a solid methodological niche for 
CBA. The both practices are highly regarded in Bangladesh an international forum. 
The two case studies and other practices in Africa has also helped us to unpack a set 
of CBA programme features, which are not steps of designing CBA programme, 
rather provide a clear philosophical, methodological and theoretical basis for CBA. 
These features are discussed to welcome more debate and inputs towards such 
issues and need to develop an universally accepted theory and methodology for 
CBA for at least a decade.     
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    Abstract     Bangladesh has a long history of, and substantial expertise in, managing 
response to Climate Variability and Natural Disasters pre-dating the emergence of 
Climate Change as a policy arena. Climate Change response in Bangladesh is a 
complex, multi-sector, multi-stakeholder undertaking that budgets and spends 
around US$1 billion per year through Government and Donor funding. In 2012 the 
General Economics Division (GED) of the Planning Commission, sponsored by the 
UNDP and UNEP, commissioned and undertook a Climate Public Expenditure and 
Institutional Review (CPEIR) with the objective of analysing this spend, its policy 
and strategic drivers, the institutions delivering it and sought ways how this could 
be managed more effectively. The study revealed the key conclusions based on the 
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review and identifi ed that the government is the main funder of the Public Sector 
response to Climate Change and climate sensitive activity with around 75 % of 
funding coming from domestic sources on an annual basis. The government 
response is fi rmly embedded in existing institutions and policy frameworks and 
there are a number of new mechanisms being established by both Donors and 
Government which have yet to deliver substantial numbers and values of expendi-
ture. There is evidence of that Climate Change Strategy has not fully penetrated the 
sector policy drivers of budget execution resulting in a need for improved co- 
ordination and profi le mechanisms at Central Ministry level. There is an extraordi-
narily diverse range of administrative agencies involved in budget execution of 
climate sensitive expenditure. There is evidence that duplication and omission of 
activity are signifi cant risks to the optimisation of climate response due to the diver-
sity of institutions involved. A “gearing effect” may be evident within funding cli-
mate change actions in Bangladesh. It was noted that an increase of 11 % in donor 
commitments and an 18 % increase in Government commitments occurred simulta-
neously. It may be that there is causation between the two. The CPEIR study recom-
mended that the way forward in Bangladesh is to introduce greater rationality in 
establishing the economic position and impacts of government expenditure through 
a macro-economic study with a view to identifying private sector partnerships in 
climate response, establish medium and long term costed response plans for incor-
poration into budgets, clarify intuitional mandates with a view to developing appro-
priate specialisation in climate response, and strengthen existing (and beleaguered) 
government co-ordination, resource allocation, monitoring and classifi cation 
arrangements in Planning and Finance.  

  Keywords     Climate fi nance   •   Climate public expenditure   •   Institutional review   
•   Public expenditure  

19.1         Climate Public Expenditure Review 

 This Climate Public Expenditure and Institutional Review (CPEIR) is an analysis of 
the policy, institutional and fi nancial management arrangements of the agencies 
involved in climate sensitive activity in Bangladesh focused mainly on Government—
both central and local government. The analysis is done based on an adopted meth-
odology to identify and assess the fi nancial scale of climate sensitive activity carried 
out by the Government. This methodology was applied to generate initial indicative 
fi gures and analysis of budgets and spend from the past 3 fi nancial years. The fi g-
ures were set in a national context by comparing the budgets and spend to both GDP 
and the Government budget as a whole. Public Financial Management systems were 
also reviewed (World Bank  2010a ,  b ,  c ). Analyses of the international arrangements 
for fi nancing climate actions, the current roles of NGOs, the private sector and 
households in Bangladesh were also considered. 
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 In summary, the CPEIR comprised an assessment of current policy priorities 
and strategies as these relate to climate change at national and local levels, a 
review of the institutional arrangements for promoting the integration of climate 
change policy priorities into budgeting and expenditure management, and a review 
of the integration of climate change objectives within the budgetary process 
including as part of budget planning, implementation, expenditure management 
and fi nancing. 

19.1.1     Challenges of Public Expenditure Review 
for Climate Change 

 Climate change itself is not easy to defi ne for economic or fi nancial assessment and 
it is also a relatively new entrant to the public policy arena. Identifi cation of spend 
is therefore the fi rst challenge. There are two distinct aspects to this challenge. 

 Firstly, there is no functional classifi cation in the standard of classifi cation for 
expenditure (COFOG in GFSM 2001) therefore it is easy to be drawn to an admin-
istrative approach to identifying climate spend—that is, an approach based on 
which administrative unit spends money (IMF  2001 ,  2011 ). This limitation was 
exposed by the cross cutting and diverse nature of the response to climate issues 
ranging from hard adaptation capital works to socially based protection, liveli-
hoods and health programmes that form the adaptation strategies of government. 
The term “climate” rarely features in the descriptions of administrative units 
responsible for delivering adaptations (Asian Tiger Capital Partners  2010 ; Ayers 
et al.  2009 ; Burton  2004 ). 

 Secondly, the separation of climate sensitive spend and climate change spend is 
a qualitative and judgment-led exercise and is open to refi nement and constructive 
criticism. Equally, there is valid debates to be conducted on the separate classifi ca-
tion of climate resilience spend, from development defi cit spend and which element 
of expenditure addresses each component (Hedger  2011 ; Haque  2009 ). 

 These are complex matters which at this stage of analysis of climate sensitive 
spend that arise because climate response and therefore climate change expertise is 
fi rmly embedded, on the whole, in existing institutions, activities and policy frame-
works, but is not always explicitly recognised as such. This could be, however, 
regarded as a rational state of affairs as charging technically able, legally mandated 
national experts (all other things being equal) with managing response is most likely 
to result in the most effective outcomes (Tanner and Mitchell  2008 ; Stadelmann 
et al.  2010 ). 

 The study, as an initial rather than a defi nitive snapshot, expressed the hope that 
it would contribute to the framing and identifying future research. The methodology 
developed in the study is a fi rst step in what is expected to be an ongoing process of 
refi nement, review and evaluation of climate expenditure in Bangladesh and 
elsewhere.  
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19.1.2     Defi ning Climate Change 

 The defi nition of climate fi nance used in the CPEIR recognised that resilience to 
the effects of both climate and climate change is a multi dimensional activity—as 
outlined in the BCCSAP. In reviewing the climate sensitive budgets and expendi-
ture, it was found that the scale, range and diversity of both budgets and the agen-
cies involved in delivering activities that contribute to intended climate resilient 
outcomes for Bangladesh tends to suggest that developing a single defi nition 

   Table 19.1    Defi ning climate change   

 Mitigation 

  OECD Defi nition : An activity should be classifi ed as climate change mitigation related if it 
contributes to the objectives of stabilisation of greenhouse gas (GHG) concentrations in the 
atmosphere at a level that would prevent dangerous anthropogenic interference with the climate 
system by promoting efforts to reduce or limit GHG emissions or to enhance GHG sequestra-
tion (OECD  2011 ) 

  Sector    Example activities  

 Forestry  Protection and enhancement of sinks and reservoirs of GHGs through 
sustainable forest management, afforestation and reforestation 

 Water and sanitation  Methane emission reductions through waste management or sewage 
treatment 

 Energy  GHG emission reductions or stabilisation in the energy, transport, industry 
and agricultural sectors through application of new and renewable 
forms of energy, measures to improve the energy effi ciency of existing 
machinery or demand side management (e.g. education and training) 

 Transport 
 Industry 
 Agriculture 

 Adaptation 

  OECD Defi nition : An activity should be classifi ed as adaptation-related if it intends to reduce 
the vulnerability of human or natural systems to the impacts of climate change and climate-
related risks, by maintaining or increasing adaptive capacity and resilience (OECD  2011 ) 

  Sector    Example activities  

 Enabling activities  Supporting the development of climate change adaptation-specifi c 
policies, programs and plans 

 Policy and 
legislation 

 Capacity strengthening of national institutions responsible for adaptation 

 Agriculture  Promoting diversifi ed agricultural production to reduce climate risk 
 Energy  Strengthening of energy transmission and distribution infrastructure to 

cope with the expected impacts of climate change 
 Forestry  Securing local rights and systems for the sustainable and long-term 

utilisation of the forest in order to increase resilience to climate change 
 Health  Strengthening food safety regulations; developing or enhancing monitor-

ing systems 
 Transport  Building protection from climate hazards into existing transport infrastruc-

tures (e.g. Disaster Risk Reduction measures) 
 Water and sanitation  Monitoring and management of hydrological and meteorological data 

   Source : OECD ( 2011 )  
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would be a complex task (Alam et al.  2011 ; CCC  2007 ; COWI and IIED  2009 ; 
DMB  2010 ; DMRD  2008 ,  2010 ; GED  2010 ; GoB  2008 ; Hedger  2011 ; Huq and 
Rabbani  2011 ). 

 In conducting the analysis a working defi nition of Climate Sensitive expenditure 
was used that was based broadly on the OECD defi nition shown in Table  19.1 . 
Defi ning Climate Change and related specifi cally to climate variables and impacts 
and how the government has responded to this. In essence the working defi nition used 
is based on the identifi cation of adaptation activity with a linkage to the Bangladesh 
Climate Change Strategy and Action Plan (BCCSAP) and its policy themes.

   It should be noted that the analysis focused on the policy interventions needed for 
climate change adaptation, recognising the current priority in Government of 
Bangladesh (GoB) approaches to climate change (Huq and Rabbani  2011 ; Hedger 
 2011 ). However the CPEIR does highlight the considerable sums being invested in 
fossil fuel power generation, thus increasing greenhouse gas emissions, although 
these still remain very small on a global scale. This illustrates the policy dilemma that 
inevitably arises when considering economic development in Bangladesh. Essentially, 
industry needs power to drive economic growth and to achieve this. The Government 
has the allocative task of deciding the relative merits and imperatives of explicitly 
prioritising climate adaptation, climate mitigation or growth from the limited resources 
available. This also points up the need to have more knowledge of the macro- economic 
impact of climate sensitive spend to inform the debate (Narain et al.  2011 ).   

19.2     Bangladesh Context: Climate Public 
Expenditure Review 

 In the Bangladesh context, it is well known that there are many agencies involved in 
climate response and climate sensitive activities including central and local govern-
ment, development partners, NGOs, households and the private sector. Indeed, this 
has been characterised in the public domain as “institutionally chaotic” However, 
until the CPEIR was conducted, there had been no systematic review to identify the 
scale of the ongoing fi nancial commitments, the scope of institution as involved or 
the key policy drivers in this aspect of public expenditure. 

 An expressed, key long term aim for the Government of Bangladesh is to develop 
a Climate Fiscal Framework within which the roles, risks, and responsibilities of 
parties involved in climate response can be allocated and a sustainable long term 
funding framework built. 

19.2.1     Financial Review 

 The CPEIR analysed budgets and expenditure over a 3 year period from 2008/2009 
to 2011/2012. The main focus was on the government budget. Among other matters 
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the study reviewed the overall allocation of resources, the mechanisms delivering 
climate fi nance, the fi nancing of climate spend, the main agencies involved, their 
processes and the nature of the budgets and the spend delivered. A methodology 
was also developed to identify climate fi nance within the Government budget. The 
methodology relied on qualitative and ultimately subjective judgements of spend as 
no universal international defi nition of climate change spend exists within COFOG 
or defi nitely elsewhere. This approach produced an indicative outcome in absolute 
terms and a similarly indicative, although informative, analysis of spend and cli-
mate actions undertaken by the government. The methodology was new and 
undoubtedly capable of further refi nement under the scrutiny and evaluation of a 
wider audience. It is to be hoped that the study will form part of a dynamic process 
contributing to greater understanding and effectiveness of a climate response in 
Bangladesh (CPD  2008 ). 

 The CPEIR in Bangladesh compellingly demonstrates that climate change is a 
substantial, cross cutting, multi sectoral activity and that, comparing the response in 
Bangladesh with that of other countries is currently diffi cult as the precise defi nition 
and framework for each country is largely determined by that country. From a 
Government perspective—as perhaps evidenced by the institutional allocation of 
responsibility—the main issue is to deliver climate resilient development, covering 
current climate variability and climate change. 

 Amongst the important lessons learned from the review of budgets and expendi-
ture is that expenditure typically contributes to more than a single outcome, often 
perceived as being readily identifi able by primary and other purposes. This was par-
ticularly evident in respect of Social Protection Schemes (BCCSAP Theme 1) where 
it was found that determining the climate and climate change-attributable element of 
these strategic initiatives was very much a matter of both perception and qualitative, 
informed but ultimately subjective judgements. This is also evident in physical 
adaptation work, for example, where the incremental or marginal expenditure relat-
ing to a change in climate is inextricably bound together with the design and imple-
mentation of the adaptation as a whole. The purpose of such activities will contribute 
to a number of outcomes including climate change resilience (BSS  2011 ,  2012 ). 

 This facet of identifying specifi c and singular climate change budgets and sepa-
rating these from budgets intended to achieve other outcomes such as response to 
disasters as well as climate resilience would require a level of sophistication in 
budget classifi cation and cost allocation that would perhaps elude most countries in 
the world and would certainly require substantial development of systems and 
capacity to achieve. It was found, however, in Bangladesh that substantial progress 
has been made in recent years in fi nancial accounting and that fi nancial data on a 
code by code basis over a number of years was readily available in fl exible, specifi -
able formats for analysis (IMF  2011 ). 

 It should also be considered in the Bangladesh context that GoB has imple-
mented many policies for climate variability and disaster risk management for 
many years and this activity pre-dates the emergence of climate change as an issue. 
These activities have contributed to strengthening the country’s response to 
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climate change concerns. This has, perhaps inevitably and for sound operational 
reasons, led to the situation where climate change budgets and expenditure are 
integrated with and integral to existing historical activity and institutions and can-
not readily be separated from this. With this background in mind the main fi ndings, 
conclusions and recommendations from the fi nancial review the major fi ndings are 
set out below. 

 Based on the methodology used in the study it is estimated that the 
Government of Bangladesh typically spend around 6–7 % of its annual com-
bined (development and non-development) budget on climate sensitive activity. 
This equates to an annual sum in the region of US$1 billion at current exchange 
rates. This sum is utilised to address all six themes within the BCCSAP. However 
it is noted that whilst the spend on climate sensitive activity increased from 
6.6 % to 7.2 % between 2009/2010 and 2010/2011, it fell back to 5.5 % of bud-
get in 2011/2012. 

 This level of expenditure represents something in the region of 1.1 % of GDP on 
an annual basis. The fi nancing of the annual spend is largely funded from domestic 
resources. Over the period 2009/2010 to 2011/2012 the funding of climate sensitive 
budgets has been of the order of 77 % from domestic resources and 23 % from 
 foreign donor resources. This is broadly in line with overall funding of GoB expen-
diture (development and non development) overall which is funded approximately 
80 % by domestic resources. 

 There has been a marked shift in the donor resources funding climate sensitive 
budgets in recent years from grants based to loans based. Loan funding increased 
from 58 % to 82 % of foreign resources between the 2009/2010 and 2011/2012 
programmes. It was found that approximately 97 % of spend attributable to climate 
sensitive activities was for climate adaptation as classifi ed under the BCCSAP 
themes ranging from infrastructure to social protection. 

 In absolute terms, the level of climate sensitive budget rose between 2009/2010 
and 2011/2012, however, between 2010/2011 and 2011/2012 the absolute level of 
spend reduced. It seems likely that this was due to resources being diverted to 
energy and transport through the ADP. This presents a climate change dilemma 
for Bangladesh as the recently developed energy policy sets out to address the 
present reliance on Natural Gas for by increasing usage of fossil fuel as well as 
renewable sources. Bangladesh has signifi cant quantities of high quality coal 
reserves and is presently developing a National Coal Policy (MoPEMR  2011 ; The 
Daily Star  2011 ). 

 An increase in overall climate related commitments by 16 % between 2009/2010 
and 2011/2012 was driven by the non-development budget which is 100 % fi nanced 
by GoB. GoB commitments increased by 18 % in the period whilst foreign resources 
increased by 11 %. This may be termed, in practice, a “gearing effect” at the macro 
level whereby increases in donor funding (specifi cally for the climate change ele-
ment) have been met by a GoB increase in overall climate sensitive spend. 
Essentially, based on the fi gures in the study, a 10 % increase in donor funding 
delivered an outcome of 15 % increased spend in climate sensitive activities.  
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19.2.2     Public Financial Management 

 There are four main operational mechanisms in place to deliver climate sensitive spend 
at the time of writing. These are non development budget, annual development 
 programme (ADP), Bangladesh Climate Change Trust Fund (BCCTF) with government 
funds, and Bangladesh Climate Change Resilience Fund (BCCRF) with donor funds 
(Polycarp  2010 ; GoB   2008 ). 

 All operational funding mechanisms address all six themes in the BCCSAP, 
albeit some specialisation was noted in that the non-development budget funds a 
larger proportion of the Social Protection theme and the ADP funds a greater pro-
portion of infrastructure adaptation. This may be expected, given the capital inten-
sive nature of infrastructure expenditure. However, perhaps the main point of 
concern is the risk of gaps and overlaps arising within what is a signifi cant and 
complex annual undertaking. A further fi nancing facility [Strategic Programme on 
Climate Resilience (SPCR)/Pilot Programme on Climate Resilience (PPCR)] is also 
coming on-stream in the near future thereby creating further risk of both “gap and 
overlap”. Given this, there is a clear case for addressing co-ordination at the techni-
cal, fi nancial and planning levels and perhaps even a case, after due consideration, 
for specialisation of funding streams. 

 It was found that most of the climate sensitive spend delivered is within multi- 
dimensional, strategic programmes, including the Agricultural Subsidy and Social 
Protection Programmes which are substantially funded through the non develop-
ment budget. The study used a scale of direct relevance from “direct” or concrete 
adaptation through to implicitly relevant programmes on a scale of 1–4—i.e. implic-
itly or somewhat relevant. Around 70 % of the budget and spend was found to be 
within the level 3 and 4 programmes. Three things came out as a indicative to the 
public fi nance management. 

 Existing programmes, institutional and budget architecture are being utilised by 
the government to deliver climate sensitive activity, including responses to climate 
change. This is perhaps unsurprising given Bangladesh’s long experience and 
accumulated expertise of response to climate variability and natural disaster. The 
separation of the climate change element of these programmes is a subjective and 
judgmental task given the evident integration of climate sensitive policy, institutions 
and budgets with pre-existing climate related structures in the Government systems. 
In terms of strengthening institutions through technical assistance and thereby 
supporting the delivery of climate sensitive spend, there is a clear case for focussing 
on country systems as this is where the most signifi cant element of ongoing climate 
response, on a fi nancial technical and experience basis, is located. 

 The process through which the national budget is prepared, placed and passed in 
the Parliament could be strengthened from a climate perspective given the scale of 
expenditure and budgets in the activity. 

 All line ministries/divisions of GoB have already been brought under the cover-
age of MTBF, which is a multi-year approach to budgeting so as to link spending 
plans of the government to its policy objectives. The MTBF seems to be a step 
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forward in the sense that it allows the line ministries to plan ahead. However, it has 
quite a long way to go, at least in regard to climate change aspects. Ministry spend 
is driven by sector policy rather than climate strategy and there was evidence that 
substantial adaptation expenditure, particularly of capital works in Local 
Government, did not appear to reference Climate Change as a policy driver in the 
Ministry Budget Framework. The integrated Budgeting and Accounting System 
(iBAS) has the fl exibility to add new functionalities to capture monitoring and eval-
uation information.  

19.2.3     Policy Review 

 The study reviewed national and international policy and strategy in respect of 
climate change, but also reviewed sector policy in key areas of government activity 
that infl uence the government’s response to climate change. The policy review used 
a framework that recognised supportive, non-supportive and neutral policy on a 
sectoral basis and also a review of direct climate change policy. 

 Climate change policy operates in a competitive policy environment in 
Bangladesh. The government’s priorities at this time include energy and transport 
which are key drivers of economic growth (Finance Division  2009 ,  2011 ; The Daily 
Star  2011 ). A brief review of energy and power policy revealed a dilemma for the 
country in that the reliance on dwindling stocks of natural gas, which is used for 
about 80–90 % of electricity generation is planned to be replaced by a signifi cant 
increase in the use of coal as well as renewables. It is understood that National Coal 
Policy is currently being developed. With its historical experience of vulnerability 
to weather disasters, Bangladesh has taken several steps in recent years to embed 
climate change in national policy making. However whilst climate change policy is 
a new element in national policy and development partner support, it is being 
framed within the broader policy contexts relating to development and response to 
disasters. This means that sectoral policy rather than climate change strategy is most 
prominent in driving government spend in some key spending ministries. It remains 
a concern that climate related strategy is not effectively transacted to policy and 
therefore to implementation and the attendant co- ordination architecture of account-
ability, performance and governance that is provided by the MTBF and the ADP. 

 As regards the policy and strategy making process in Bangladesh, experience so 
far suggests that most polices are driven by experts and bureaucrats, following a 
top-down process and although the participation of stakeholders has signifi cantly 
increased, the quality of participation of poor people appears to have remained 
unsatisfactory. There is no exclusive national policy that deals with climate change 
in Bangladesh. The BCCSAP strategy does not specify which one, out of the 28 
adaptation modalities, should be prioritised over the others and in which order the 
country implements such a long list of adaptation programmes. The absence of both 
prioritisation and costing should be addressed. 
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 The development of climate change policy in Bangladesh has been stimulated 
and promoted by the international context. Reciprocally, Bangladesh has helped 
develop Least Developed Country (LDC) positions and particularly contributed to 
debates on climate fi nance. Bangladesh’s vulnerability in a global context has given 
it moral voice within the international arena and it has championed the LDCs. In the 
longer term, the country’s economic development may lead it into the middle 
income group- indeed that is a goal of political interests. This would mean it would 
benefi t less from international climate funds (COWI and IIED  2009 ; UNAGF  2010 ). 

 The Government of Bangladesh led the development of the innovative 
Bangladesh Climate Change Strategy and Action Plan (which included low carbon 
dimensions), and was an early fi rst from an international perspective. The strategy 
is beginning to be the critical reference document in cross planning processes in 
Government and for funding mechanisms such as the BCCTF and the BCCRF. 
However, the document is now almost 3 years old and could perhaps be usefully 
revised and relaunched to ensure that high awareness levels at Ministry level are 
maintained and enhanced where necessary. Coupled with renewed efforts for coher-
ent development planning, in which climate change can be embedded, the country 
is moving ahead on climate change. 

 Analysis of policy and programmes in many Ministries shows how wide and 
strong the connections are to climate change. Climate change impinges on the 
responsibilities of a wide range of Ministries although the Ministry of Environment 
and Forests has the technical lead. Accordingly, in recent years a large number of 
investments have been made by a range of Ministries, for example in coastal 
infrastructure and crop development which provide a base from which to improve 
climate resilience. The active disaster risk management agenda has been a long 
running focus for development, and helped put in place some local planning pro-
cesses and policy transformations which help provide resilience for climate change.  

19.2.4     Institutions Review 

 The institutions reviewed in this study included an international and national institu-
tions involved in climate change in Bangladesh. This was a wide and complex 
constituency of interests that included central Ministries, line Ministries, local 
government, NGOs, the private sector and development partners. 

 The constituency involved in climate issues in Bangladesh is wide and diverse. 
The study identifi ed 37 Ministries (plus their departments and autonomous bodies) 
as well as more than ten Donors on a multi lateral and bi-lateral basis, Local govern-
ment, NGOs, households and private sector are also active in climate sensitive activity. 
This presents challenges and hazards to coherence and co-ordination. 

 Spurred on by direct experience of some extreme weather catastrophes, there has 
been increased focus on handling climate induced vulnerabilities in the light of 
climate change across the national political consensus. Some of the dynamism and 
energy has resulted in tangible outcomes with new national and sectoral policies 
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and institutions being developed in recent years all of which included climate 
change concerns (OECD  2003 ). 

 Ministries such as Local Government, Agriculture, Social Welfare, Water 
Resources, Food and Disaster Management have climate change components and 
mandates. These Ministries receive funds to implement programs through the 
Annual Development Plan (ADP) and non-development budgets. The Ministry of 
Environment and Forests (MoEF) has the mandate to implement projects from the 
BCCTF and BCCRF. Therefore, there remains a tension among the Ministries over 
climate change related issues owing to the tension that exists between the development 
of policy and the differences in budget between institutions. This situation makes 
the case for clarifi cation and specialisation of institutional mandates and for strength-
ening allocative processes within the MTBF and ADP (Haque  2009 ; Hedger  2011 ). 

 The lack of intra-government coordination mechanisms is a limitation. The 
bureaucracy appears to have hindered progress in this regard which points towards a 
real imperative in developing these co-ordination mechanisms. The study identifi ed 
three aspects of co-ordination within Government which are worth to illustrate a bit. 

 Policy Co-ordination is a key area of expected sets of coordination. We under-
stand this policy coordination as the achievement of balanced infl uence between 
sector policy and climate change policy given the evident level of integration of 
climate change and climate in the delivery of services. Both sectoral policy and the 
national climate change strategy have influence and thus must be adequately 
balanced. This is the role of Planning Commission. 

 Technical Co-ordination is also an important aspect of desired coordination and 
this role lies with MoEF at the moment and has evolved from an environmental 
mandate. However, large elements of the climate response in Bangladesh at this 
stage relate to adaptation strategies led by other Ministries ranging from infra-
structure to social protection programmes as well as a strong link to disaster risk 
reduction (DRR) (DMB  2010 ; DMRD  2008 ,  2010 ; Zakir  2011 ). 

 Financial and Performance Co-ordination is critical to get success in whole of 
effectiveness in climate fi nance in Bangladesh. This role lies with Finance Division 
and is implemented via the MTBF which acts as a governance and performance 
management mechanism as well as matching resources to policy. Also, if the prolif-
eration of funding sources is taken into account—at least fi ve were identifi ed—
Finance Division has a crucial role in the co-ordination of funding. 

 The interface between each coordination function takes on crucial and central 
importance. This is an obvious and desirable need to improve the fl ow of funds and 
to ensure that climate change is refl ected properly in implementation. There are 
mutual interfaces between all three coordination functions, between Finance 
Division and Planning Commission in the funding of the ADP, between Planning 
Commission and MoEF in the development of policy and between Finance Division 
and MoEF through implementation of the MTBF. Currently, the main responsibility 
to foster adaptation lies with the lead institution, Ministry of Environment and 
Forest (MoEF). Unfortunately, its performance so far appears to have been limited 
for many reasons, such as weak structure, duality in mandate, lack of manpower and 
trained human resources and weak legal framework. It is argued that the MoEF has 
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neither a clear legal mandate as yet, nor specifi c Rules of Business to lead all the 
activities centred on climate change in the country (GED  2010 ). 

 It is encouraging to note that the NGOs of Bangladesh have been playing an 
important role in reducing climate change induced hazards. Some of the NGOs are 
engaged in massive public awareness campaign including preparedness training on 
climate change and sea-level rise and their impacts. Nevertheless, their efforts are 
not properly refl ected in national programmes. A substantial portion of donors’ 
assistance is channelled through NGOs. However, “they operate completely outside 
the Joint Country Strategy (JCS) framework, leaving scope for potential overlap and 
duplication with the development programmes of the government”. There is also 
insuffi cient capacity of local bodies to plan and manage climate related projects con-
tinues to remain a major challenge to improve on climate vulnerability. In addition to 
intra-government co-ordination, the co-ordination between institutions i.e. national, 
regional and local governments would appear to be quite limited, undermining the 
effectiveness of the results that the project outcomes are designed to achieve. This is 
perhaps most sharply illustrated by the absence of climate change references in the 
MBF of Local Government. 

 The involvement of the private sector is at its initial stage, and offers a lot of 
potential opportunities. Bangladesh has not yet formulated a policy in relation to 
private sector involvement in climate change and has not set any target of pre-
ferred mix of public and private funding or delivery modalities. This must be 
considered more fully in the development of a National Climate Fiscal Framework 
Development partners and Government have separated climate funding from 
mainstream Government planning and expenditure for their separate reasons. On 
the Government side the grounds are that current processes of assessment within 
the Planning Commission are slow and would delay spending. The functioning of 
Local Consultative Group on Environment and Climate Change is yet to gain 
momentum.  

19.2.5     Local Government Review 

 The adaptation component of the climate change agenda is a familiar one for many 
in Bangladesh. While, local stakeholders are not always able to distinguish between 
development expenditure and climate related expenditure, experiences of fl ooding, 
cyclones and other climate related impacts have raised signifi cant awareness of the 
challenges that Bangladesh faces. In general, local stakeholders identifi ed climate 
impacts as cyclones, deforestation, tidal surge, salinity, water logging, fl ooding and 
drought. The effects on people’s daily lives include loss of livelihoods, ground water 
depletion, irrigation problems, health problems and limited access to schools and 
health facilities. However, less is known by these local stakeholders about the causes 
of climate change and the need for mitigation. 

 The two most popular strategies for addressing climate change identifi ed by 
local stakeholders is infrastructure development and sustainable and alternative 
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livelihoods, and that capacity building is necessary to enable people to work and 
development solutions to address climate impacts. However, this does not support 
the fi ndings that a large proportion of central government funds, and some donor 
funds, are already allocated to Union Parishads (UPs) to implement infrastructure 
development (LGD  1998 ,  2009a ,  b ). 

 There are several sources of climate related fi nance found at the local level: cen-
tral government funds, donor funds, private sector donations, household spending 
and local government internally generated revenue. On average, 14 % of the UPs 
and Pourashavas’ budgets are sensitive to climate change. Of this, the budgets of 
UPs and Pourashavas in coastal regions spend more than those from the fl oodplains 
and Barind. Of the schemes that UPs and Pourashavas deliver, safety net schemes, 
such as 100 day employment scheme, have a high sensitivity to climate change, of 
around 48–50 %. While both ADP and Local Government Support Project (LSGP)/
Local Government Support Project Learning and Innovation Component (LGSP 
LIC) have similar sensitivity to climate change, between 11 % and 13 %, LGSP/
LGSP LIC is made up of a larger amount of money and therefore able to make a 
larger contribution to addressing climate change (Deopara Union Parishad  2011 ; 
Gabura Union Parishad  2011 ; Garoukhali Union Parishad  2011 ; Kunder Char Union 
Parishad  2011 ; Lata Union Parishad  2011 ; Padmapukur Union Parishad  2011 ; Paler 
Char Union Parishad  2011 ; Rishikul Union Parishad  2011 ). 

 In addition to these funds, household and individual’s spend their own fi nancial 
resources on addressing climate change impacts. Most damages exceed poor house-
holds’ income, although some fi nancial and non-fi nancial support is provided from 
either government, donors or NGOs, such as rice and accommodation. While the 
richer and middle income groups have more resources to reduce damages from 
climate impacts, ill-preparedness to the increased frequency of extreme weather 
events and limited government, donor and NGO support could push them into 
poverty over time. 

 Central government funds are usually allocated to Zilas and Upazilas for further 
allocation to UPs. Some donor funds use the national system to channel funds to 
UPs, such as LGSP/LGSP LIC, but most channel funds directly to NGOs that 
bypasses the government system. The effectiveness of donor funds are yet to be 
assessed but their accountability frameworks are wide-ranging and complex. One 
aspect that is consistent in many of the funding mechanisms is the limited involve-
ment of, or autonomy for, UPs in the planning and budgeting of these funds. UPs 
have limited power, fi nancial autonomy and capacity to address climate change. 
Local planning and budgeting is a linear operational process whereby UPs imple-
ment the directives of central government and follow guidelines set by Upazila 
administrative offi ces (The Daily Star  2010 ). Moreover, there is a disconnect 
between national and local government bodies, and a strained relationship between 
local administrative offi ces and local elected bodies. Questions are raised as to 
whether UPs are equipped and well positioned to implement large scale climate 
related projects that requires the management of large volumes of funding and coor-
dination with a range of national and local bodies. 
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 Finally, NGOs play a signifi cant role in Bangladesh, including the delivery of 
climate related fi nance. They play an important and added value role in the area of 
mobilizing and engaging communities, providing technical expertise and ensuring 
transparency of expenditure. However, the lack of coordination with local govern-
ment bodies and competition between NGOs present a challenge in tracking cli-
mate expenditure and aligning efforts to addressing climate change in a more 
integrated manner.   

19.3     Looking Ahead: Way Forward 

 There are established planning and allocation mechanisms within Government that, 
with strengthening, can bring improved co-ordination, allocative effi ciency and 
consequently better outcomes to climate issues in Bangladesh. The creation of alter-
native mechanisms will add further complexity to a substantial undertaking in 
Bangladesh that already utilises considerable domestic resources. Climate issues 
in Bangladesh are a matter of national interest from both a physical implementation 
and fi nancial and economic perspectives. In summary therefore, it is recommended 
that the next stage in the process for Bangladesh should focus on three main initia-
tives in respect of Climate funding. 

 The government should be supported to ensure balance the policy infl uences at 
play in climate and the wider policy arena by strengthening of existing country 
architecture, strengthen and utilise existing, established Government planning and 
fi nancial allocation mechanisms of the MTBF and the ADP to manage climate 
funds and to manage results through a strengthened performance management 
arrangements within the MTBF and at the institutional level. Accordingly, a total of 
20 recommendations are set out below for consideration. An indicative sequence is 
shown in diagrammatic format at Fig.  19.1 : Indicative Sequencing of Next Stage 
Recommendations.

19.3.1       Climate Strategy 

 In relation to have a right climate strategy, some consideration should be given to a 
further review of the BCCSAP in the near future to ensure that it remains fully rel-
evant to current circumstances. Further consideration should be given to including 
more detailed costing of the needs of Bangladesh in respect of climate and climate 
change to provide a cornerstone for the development of a Climate Fiscal Framework. 
This revision should take into account the potential role, risks and responsibilities 
of the private sector (including households) in respect of climate change with the 
intention of engaging the interest, resources, skills and knowledge available in that 
sector of the economy.  
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19.3.2     Public Finance Management 

 In public fi nancial management, the development of a national climate fi scal frame-
work is a high priority to ensure allocative effi ciency and effective transaction of 
strategy to both policy and budgets. The framework should recognise some of the 
critical factors: the risks, roles and responsibilities that should be allocated to each 
institutional sector within Bangladesh including central government, local govern-
ment, donors, NGOs, households and the private sector; the allocation of funding 
responsibilities to all aspects of climate fi nance and activity; the need for a focal 
point fi nancial framework that ensures the long term sustainability of funding 
streams; ensuring that long terms plans in a revised and costed BCCSAP can be 
funded or prioritised for funding on a rational basis within a climate fi scal frame-
work; the capacity on human resources (HR) and institutional basis to implement 
the framework on a sustainable and achievable basis. 

 The current level of expenditure on climate sensitive activity, around US$1 
billion per year, is signifi cant in economic terms. It was noted in BCCSAP that a 
study of the long term macroeconomics of climate [Thematic area 4; Programme 
5 (T4P5)] was recommended, but this has not yet been conducted. This study 
should be conducted as soon as possible to support the development of a climate 
fi scal framework and should address, inter alia, considering an evaluation of the 
economic impacts of not spending at the current levels, an evaluation of the 
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economic development effects of the current expenditure, including the effects at 
household level, an evaluation of the potential long term funding streams for 
fi nancing climate change activity, including the feasibility of hypothecated taxa-
tion and potential of donor sources, an evaluation of the sustainability of the current 
and required long term spend on climate change and climate sensitive activity, the 
relationship between the government’s energy and transport policies and climate 
policy in the longer term with a view to achieving a balanced accommodation of 
each priority. 

 It is recognised that the GFSM 2001 does not include a functional classifi cation 
for climate change. However, it would be a useful development for the Government 
if some functional (or policy) recognition of climate change, perhaps on a thematic 
basis according to BCCSAP themes, could be incorporated into the structure of the 
Chart of Accounts presently under revision. 

 There are presently fi ve mechanisms delivering climate fi nance in Bangladesh and 
as each addresses all six themes in BCCSAP some consideration should be given to 
a review of the co-ordination of this funding activity. There is a case for explicit rec-
ognition of the appropriateness of the use of each funding mechanism for particular 
thematic purposes, as would appear to be the case with the ADP contributing high 
volumes of the planned expenditure on infrastructure. The mandates and intended 
roles of each funding source should therefore be established with a view to eliminat-
ing the risk of gaps and overlaps. This may also have the benefi t of further developing 
specialist skills and knowledge in particular aspects of climate spend and activity. 

 It was noted that each fi nance delivery mechanism within the government sys-
tem operates to different levels of effi ciency in respect of delivering spend. Typically, 
for example, the ADP tends to underspend by a greater amount than the non- 
development budget. It is therefore recommended that some consideration is given 
to funding capacity building public fi nancial management initiatives with the objec-
tive of ensuring equality of process-effi ciency across the climate fi nance delivery 
mechanisms. 

 Guidelines for the award of funding of climate change related projects proposed 
by both government and non-government entities to the BCCTF should be devel-
oped immediately to maximize the utilization of limited resources allocated to 
BCCTF. The development of procedures for the BCCTF should also include a clear 
statement of the role of the Controller and Auditor General in respect of the fund. 
The activity of the BCCTF should also be refl ected in the MTBF and MBF of the 
Ministries with a view to accommodating the need for performance and account-
ability in respect of fund expenditure. 

 In respect of the BCCRF and BCCTF some consideration should be given to 
integrating the funds with existing key country systems, whilst retaining their 
intended fl exibility and agility of response. As a parallel initiative strengthening of 
these key country systems (MTBF and ADP in particular) would seem to be an 
effective long term strategy with wider benefi ts than the impacts on climate change 
response alone. In particular, the BCCRF should give serious consideration to fund-
ing institutional strengthening activities, including the reduction of fi duciary risk, as 
a key strategy in improving co-ordination of climate sensitive activity. 
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 Some capacity building activity should be considered for the Controller and 
Auditor General’s Offi ce to enable him to address climate funding issues in the 
forthcoming audit plan and in particular to review climate fi nance in the forthcom-
ing planned and regularity performance audits. A review of procurement regulations 
to incorporate climate sensitivity should be considered for the Central Procurement 
Technical Unit (CPTU).  

19.3.3     Climate Policy and Planning 

 In relation to Climate Policy and Planning, Ministry Budget Frameworks presently 
do not always identify climate and change activity. Some consideration should be 
given by the Finance Division to the inclusion of a climate change dimension or 
“marker” to the MTBF procedures to ensure that the activity is fully recognised by 
line Ministry accountability, performance management and governance structures. 
Such an initiative was successfully implemented by the Finance Division in respect 
of gender and poverty in recent years. 

 Consideration should be given to strengthening key relationships and co- ordination 
processes in the development and implementation of climate policy. In particular, 
three aspects should be focussed upon the transaction of strategy to implementation 
via sector policy should be addressed by ensuring that the climate dimension is ade-
quately addressed at sectoral level. This must involve setting a climate dimension or 
marker within the MTBF process to identify budgets, promote accountability and, 
generally, match expenditure and performance plans with climate policy. It should 
also involve standards and guidelines, established by the Planning Commission, to 
ensure that the climate dimension is considered in all policy development. Some 
consideration should be given also to creating a climate marker within the ADP. 

 The relationship between, and respective capacities of, the Planning Commission 
and Finance Division in interpreting and funding climate policy should be strengthened 
to ensure appropriate allocative effi ciency of resources and consistency with policy and 
priority intentions. The communication of climate change strategy to line Ministry 
level and on to department, autonomous body and local government level should be a 
priority to ensure adequate refl ection within Ministry budget frameworks.  

19.3.4     Climate Institutions 

 The institutional mandates in respect of the three aspects of co-ordination identifi ed 
in the study (technical, policy and fi nancial/performance) should be clarifi ed and 
steps taken to strengthen these and the interfaces between them. This should involve 
specifi c cross-institution actions involving Planning Commission, Finance Division, 
MoEF, DRR, Local Government Division and other institutions within government 
that make a signifi cant contribution to climate sensitive activity. 
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 There is also a case for strengthening the co-ordination and transaction of  climate 
policy, fi nance and delivery between the levels of government and the various non-
government institutions, including the private sector, involved in climate change in 
Bangladesh. It is also important that the private sector and civil society organiza-
tions create more inclusive partnerships so that all their efforts are coherent and 
have greater impact on reducing climate vulnerability. Existing institutions that 
could potentially be developed in this regard could include the Ministry of Industry 
and the NGO Bureau. 

 The National Parliamentary Standing Committee on Environment should be 
empowered so that the body, with its legal authority, can oversee and guide various 
activities related to climate change, including involvement in international negotia-
tions for adaptation. They may be actively involved in mainstreaming adaptation 
while sectoral allocations and priorities are made for the annual development plan. 
There is a case for a programme to be delivered in this area as a means of engaging 
the Committee and developing political leadership on climate issues. This initiative 
should also consider the formation of a function, perhaps a standing committee, to 
scrutinize projects/expenditure proposals regarding climate change related activities 
before placement of the overall budget. This would perhaps be a valuable 
programme for funding by the BCCRF as support for political level engagement 
and leadership. 

 As regards knowledge management, academic and research bodies and universi-
ties should give more efforts toward facilitating generation of information and 
knowledge related to climate change and its impact as it is widely acknowledged 
that long term studies on the effects of climate change are necessary. This was a 
particular limitation of the CPEIR in that only three historic years were considered 
to give an initial snapshot and trend in respect of funding and spend. 

 The BMCs and Climate Change Cells of line ministries should be equipped by 
personnel with expertise in the area of climate activities. Such a development could 
be considered for funding under the capacity building theme of BCCSAP. On the 
basis of strengthening institutional memory and business continuity, some consider-
ation should be given to establishing a critical mass or group of climate specialists 
within government who have a portable set of skills that may be relevant to a number 
of Ministries involved in climate response. This recommendation is distinct from the 
administratively based creation of climate change cells or a climate change unit in the 
MoEF and focuses more directly on the HR requirements to equip both Climate Cells 
and BMCs with the necessary skills to establish performance evaluation and moni-
toring skills relevant to the cross cutting and pervasive nature of climate response in 
the Government of Bangladesh. It is clear that to be workable, such an initiative 
would require a good level of engagement with the Public Service Commission/
Ministry of Establishment to ascertain both its feasibility and scope. It is also clear 
that such a group would require a diverse range of policy and operational skills given 
the diversity of professional disciplines involved in the climate response. 

 As a step towards bridging relationships between different local stakeholders by 
highlighting each of their strengths and weaknesses in delivering climate fi nance, 
the conduct of an appraisal of the capacity and comparative advantages of different 
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local stakeholders to manage larger scale projects should be undertaken. For 
example, while UPs should be involved in climate related project, they may not be 
equipped with the capacity and resources to take on certain roles such as overall 
supervision and monitoring and evaluation of large scale projects. It may be that 
local administrative offi ces and NGOs should utilize their expertise in fi nancial 
management, technical support, supervision and monitoring of climate fi nance, and 
local elected bodies should be equipped with necessary power and capacity to plan, 
budget and manage programs using a participatory approach. 

 Building on the existing vulnerability mapping database used for safety net 
 programs, there is an urgent need to conduct further empirical and robust assess-
ments of household spending on climate change related activities. This information 
could help target and prioritize funding to address the needs of households that 
are spending a large proportion of their income on addressing climate impacts. 
While there is a need to safeguard those most vulnerable, there is also a need advo-
cate preventative measures to those with high- or middle- levels of income from 
slipping into poverty as a result of climate impacts.  

19.3.5     Non Government Organisations and the Private Sector 

 Given the time constraints and scale of activity in climate issues in Bangladesh, it is 
felt that insuffi cient analysis was conducted in respect of both NGOs and the private 
sector. It is therefore recommended that a review or survey study is conducted in 
respect of climate sensitive activity in these economic sectors. The study should 
focus on the sources and application of fi nance and the policy and strategy architecture 
that frames spend.      
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    Abstract     Following three major disasters in 2007, Bangladesh intensifi ed its effort 
to tackle climate change through development of the Bangladesh Climate Change 
Strategy and Action Plan (BCCSAP). The process of plan formulation led to debates 
nationally and internationally regarding the fi nancing and integration of climate 
change into development planning. Using a political economic lens, this article 
illustrates how major national initiatives around international problems must be 
understood in terms of the interplay of actors, their ideas and power relations. 
The article argues that: (a) power relations among actors signifi cantly infl uenced 
the selection of ideas and implementation activities; (b) donor concerns around aid 
effectiveness and consequent creation of parallel mechanisms of planning and 
implementation may run counter to both the mainstreaming process and the 
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 alignment of assistance with country priorities and systems; (c) climate change 
planning processes must be opened up to include actors from across sectors, 
 population groups and geographical areas.  

  Keywords     Actors   •   Climate resilient development   •   Ideology   •   Political-
economy   •   Power  

20.1         A Brief Account of the Study 

20.1.1        Introduction 

 This chapter is based on research into the policy processes underpinning climate 
resilient and low carbon development (Tanner and Allouche  2011 ). Taking 
Bangladesh Climate Change Strategy and Action Plan (BCCSAP) as a case study, 
the study explores the interplay between actors in the space that opened up for cli-
mate change planning in Bangladesh. This also examines relative importance of 
ideology and power confi guration between actors in generating and deciding over 
the ideas for this planning. Finally this looks into how internationally defi ned ideas 
infl uence and gets translated in national planning. The original report of the study 
was published in IDS Bulletin (volume 42, Number 3; May 2011 published by 
Institute of Development Studies and Wiley-Blackwell).  

20.1.2     Background of the Study 

 It was not until 2007 when Bangladesh faced two devastating disasters, consecutive 
monsoon fl oods an category four cyclone  Sidr , climate change received signifi cant 
political attention. Cyclone  Sidr  killed over 3,000 people causing an economic loss 
of US$1.7 billion while the fl oods caused damage amounting to US$1.1 billion. The 
occurrence of these major disasters and the subsequent debate about its link to cli-
mate change sparked an intensifi cation of efforts to tackle long term climate change 
impacts in Bangladesh. 

 Underpinning the new approach was the recognition that climate change posed a 
serious threat to Bangladesh’s desire to become a middle income country by 2021. 1  
Central to the post 2007 efforts was the formulation by the Government of 
Bangladesh (GoB) of its  Climate Change Strategy and Action Plan  (BCCSAP) and 
a National Climate Change Trust Fund. An Act of Parliament passed in 2010 then 
established a donor funded Bangladesh Climate Resilient Fund (BCRF) formerly 

1    The Bangladesh Vision 2021 was accessed on 24 December 2010 from http://boi.gov.bd/about-
bangladesh/government-and-policies/government-vision-2021?format=pdf.  
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known as the Multi Donor Trust Fund (MDTF), and the Climate Change Unit 
housed in the Ministry of Environment and Forests (MoEF). This report refers these 
planning collectively as “post  Sidr  planning”. 

 This planning process has received considerable national and international atten-
tion for two reasons. First, that the planning will determine the sustainability of 
development potential of the most climate vulnerable country. Second, that 
Bangladesh is linked to and plays a vital role in international climate change diplo-
macy and politics. 

 The process and content of post 2007 plans are considerably different in nature 
and scope from previous climate change related initiatives such as National 
Adaptation Plan of Action (NAPA) that was formulated under the UN Framework 
Convention on Climate Change (UNFCCC) in 2005. While NAPA considered only 
urgent and immediate priorities for adaptation, the BCCSAP is more comprehen-
sive and focused on medium and long-term actions through pillars which mirrored 
the areas set out in UNFCCC negotiations under the Bali Roadmap i.e. adaptation, 
mitigation, technology transfer and fi nancing. This signifi cant shift in planning was 
infl uenced by transformations in ideas, knowledge, actors and incentives in the post 
NAPA years which generated a domestic political economy. These include:

    (a)    Increase in political commitment for climate change   
   (b)    Rise of new ideas and knowledge on and their contestation in tackling climate 

change   
   (c)    Emergence of new climate change actors joining with established environmen-

talists and their interplay in the decision making   
   (d)    Infl uence of international climate change politics over national processes   
   (e)    Evolving estimation of huge sum of resources required to make the country 

resilient   
   (f)    Increasing perception of huge infl ow of funds as an incentive for change  coupled 

with frustration over reality of too little.      

20.1.3     Analytical Framework and Methodology 

 Climate change has moved to the centre stage of public concern in a very short 
space of time (Giddens  2008 ), pushing development policy and practice to incorpo-
rate resilience to the impacts of climate change and a low carbon global future. 
There is a reasonable understanding about the objectives of climate resilient and low 
carbon development; the change processes required for their delivery are less well 
understood. The study assumes that the changes processes are triggered by interna-
tional politics of climate change (   Dessler and Parsons  2006 ),    the need for new 
global institutions (   Yamin and Depledge  2004 ) and the business strategy of global 
corporate actors (   Levy and Kolk  2002 ). Likelihood of signifi cant resource infl ow to 
national level infl uences institutional landscape, knowledge and ideas which even-
tually opened up space for debate and interplay of actors in shaping kind of policy 
and practices required for a climate resilient development. The study further 
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assumed that due to transnational nature of the problem global politics of climate 
change would signifi cantly infl uences the national policy and practices. 

 Public Policy making and national planning have distinct meaning in academic 
tradition especially in public policy studies. This study, however, adopted the plan-
ning process similar to public policy making, which can broadly be defi ned as: 
(a) setting the agenda; (b) specifi cation of alternatives from which a choice is to be 
made; (c) an authoritative choice among these specifi c alternatives; and (d) imple-
mentation of decision (Kingdon  2003 ). Both planning and policy making follow a 
similar path i.e. conceptualisation, negotiation and implementation, that Kingdon in 
his book  Agenda, Alternatives and Public Policy  further describes how separate 
steams of problem, solutions and politics converge to move an issue into the public 
policy agenda towards potential government action. While Kingdon’s theoretical 
model provides useful analogy for analysing public policy or planning into a politi-
cal context, studies (Sifayet  2008 ) which identify their shortcoming, examine 
 policies in non-western countries where international actors and policies play a 
 signifi cant role in domestic policy making. 

 This chapter bases its analytical framework on the new political economy 
approach developed by the Institute of Development Studies, UK (IDS) to under-
stand climate change policy processes at national level (Tanner and Allouche  2011 ). 
This approach examines the complexity of decision making and policy processes 
around tackling global climate change issues at national and sub-national level. It 
breaks the policy process into three analytical areas of  conceptualisation ,  negotia-
tion  and  implementation  of climate change initiatives, the framework analyses the 
interplay between the three lenses of ideas, power and resources. The analytical 
hypothesis suggests that each of these concepts tends to be predominant at one stage 
of the policy process of the political economy of climate change. Ideas and ideolo-
gies are predominant in the conceptualisation phase, power in the negotiation phase 
and resources, institutional capacity and governance in the implementation phase. 

 Crucially, the new political economy approach goes beyond orthodox international 
political economy analyses, which are often focused on material factors and ignore 
how ideas and ideologies also determine policy outcomes (Barnett and Finnemore 
 2004 ). These ideological framings often become part of narratives that are supported 
by particular actors, networks and institutions and justify a particular set of actions. 

 The study used following key defi nitions:

•     Actors:  An actor refers to a person, group, organization, or system who played a 
role, infl uence and being infl uenced (by the plans) in the climate change 
planning.  

•    Ideology:  The study adopted a neutral conception of ideology as described in the 
International Encyclopaedia of Social and Behavioural Science that refers to it as 
“a discrete belief system which animates social and political action”. The study 
fi nds fi ve dominant ideologies which are described later.  

•    Power and power confi guration:  In terms of power confi gurations between 
actors, the study sought to understand the formal and informal power relations 
and structures. The analysis of actors, interest groups and structures will ideally 
show where real power in a society lies, how power is distributed and possible 
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confl icts of interests. It may also point to what kind of power is being exercised 
and how it is understood and perceived.    

 The study was conducted in September to December October 2010. It is based on 
60 detailed interviews with the key actors concerned in the Bangladesh climate 
change planning process. At least one quarter of these actors were involved in the 
BCCSAP formulation, including key government offi cials, experts, and staff of 
donor agencies. The research team interviewed other key players including cam-
paigners, academics, politicians, civil society members and researchers engaged in 
the debate and discussions that shaped the wider context. The research team  provided 
all interviewees the guarantee of anonymity. These interviews were  combined with 
a review of formal and informal documents, including government notifi cations, 
meeting minutes, formal publications, newspaper clippings and press releases.   

20.2     Context of the Post Sidr Climate Change Planning 

 This part of the report illustrates the immediate and historic factors—domestic and 
international—that shaped the planning context for post  Sidr  climate change plans 
in Bangladesh. Chapters   2     and   3     of this book illustrate country’s risk and vulnerabil-
ity to climate change. 

20.2.1     Key Historical Milestone of Climate Change 
in Bangladesh 

 There is no exclusive national policy that deals with the climate change in 
Bangladesh. A few policies developed in recent years i.e. agriculture policy 2009, 
national agriculture policy 1999, new agriculture extension policy 1996, coastal 
zone policy 2005, land use policy 2001, forest policy 1995, national water policy 
1999, renewable energy policy 2008, national health policy 2010 and draft indus-
trial policy 2010 already included climate change concerns. 

 Prior to BCCSAP formulation, GoB formulated a number of national and sec-
toral strategies and action plans: (a). national water management plan, (b) national 
biodiversity strategy and action plan for Bangladesh; and (c) national environmental 
management plan including climate viabilities. 

 Bangladesh produced NAPA in 2005 as a requirement of UNFCCC. The docu-
ment set out 15 urgent and immediate priorities only for climate change adaptation. 
The document was produced through a project led by a steering committee, headed 
by MoEF and members of other key ministries. The process involved selected vul-
nerable communities while conducted consultation in the capital and other divi-
sional cities. However, the document has been seen as external requirement thus did 
not receive suffi cient political attention and include into national planning process. 
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 In 2005 and 2006 Bangladesh selected as a leader of LDCs.    From COP1 to COP12, 
Bangladesh had a strong present in international climate change negotiation.  

20.2.2     Changing Institutional Landscape in Climate Change 

 Over the last 10 years, there has been signifi cant change in the institutional  landscape 
in Bangladesh is centred on and around climate change. Newer institutions within 
government, political system 2  and non-government research, academic, NGOs, 
network and campaign have been established. GoB established CCC in 2004 with 
the fi nancial help of DFID and housed in DoE under MOEF. Besides, individuals 
such as independent researchers and experts; and institutions traditional develop-
ment NGOs and research organizations, 3  adopted climate change as an issue to 
work with. After the national election of 2008, All Party Parliamentary Group on 
climate change and parliamentary committee of costal MPs were also formed. 

 Policies of the major bilateral and multilateral donors went through a shift to 
include climate change concern into their development assistance. Climate change 
moved from a peripheral issue to a central issue to the discussion and action of 
donor agencies although the change process was not generated from the country but 
by the changes in international policy of the donors.

•    Invested in studies to understand climate change implication (for internal 
 purpose) as well as infl uence broader policy initiatives.  

•   Some donors such as DFID and Danida commissioned screening of their 
 programme portfolio.  

•   The World Bank and Asian Development Bank included climate change in their 
lending portfolio and country assistance strategy.     

20.2.3     Shifting Climate Change Discourse 

 Over the last 10 years, international climate change discourse in Bangladesh has 
been largely translated, advanced and shaped through a number of shifts. First, this 
started with a sceptical view of it as “another international agenda” to a broad based 
development concern with high political attention in recent years. Second, although 
the issue has been raised and nurtured by the environmental circle the discourse 
continues to be shifted as a development issue and should be dealt with through 
regular development planning process in which both climatic and non-climatic 
issues should be addressed. 

2    All party parliamentary committee on climate change, Parliamentary committee of coastal MPs.  
3    Many of the researchers in Bangladesh conducted studies, ether to supply evidence of climate 
change, for international or supporting various campaigns or attract funds.  
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 Third shift can be characterized as a justice discourse based on the principle of 
compensation, right to access funding, equity and the national control over adaptation 
resources. This discourse is largely shaped by the campaign groups, media, NGO and 
the current ruling government. Two important discourses shaped this agenda: (a) 
national government should decide how they are going to plan and spend adaptation 
resources; (b) people’s vulnerability to climate change is constructed by socioeco-
nomic inequity which should be addressed as part of the adaptation process. But the 
policy agenda of the campaigning groups covered wider context of equity which 
called on the Northern countries to compensate the loss caused by the climate crisis. 

 Climate change is beginning to play “an important role” in domestic politics which 
arguably started in 2009 with a press conference by the main opposition party, 
Bangladesh Nationalist Party (BNP), stating that Bangladesh failed to refl ect its 
national interest as a least developed country (LDC) in COP15. There have been sev-
eral responses from the ruling party, Awami League (AL), including the Prime 
Minister herself who mentioned climate change negotiation in COP15 as major 
achievement in a speech. This policy shift was underpinned by concern around the 
impact of climate change on development cooperation objectives such as the 
Millennium Development Goals  and led to donor efforts in Bangladesh and elsewhere 
to assess and integrate adaptation concerns into agency portfolios (Tanner et al.  2007 ).  

20.2.4     Administrative Structure Related to Climate Change 

20.2.4.1     Ministry of Environment and Forests (MoEF) 

 This is the focal ministry for maintaining direct coordination with the UNFCCC and 
its related activities at global and national levels. The MoEF has several agencies 
and institutional mechanisms to implement its mandate of environmental and natu-
ral resource management including climate change that include:

    (a)    Climate Change Unit (CCU)   
   (b)    Department of Forest (FD)   
   (c)    Department of Environment (DoE) which houses the Climate Change Cell   
   (d)    Bangladesh Forestry Research Institute (BFRI)     

 Department of Environment that was created in 1989 under the Ministry of 
Environment and Forest is mandated to implement the policies to ensure sustainable 
development, conserve and manage the environment of Bangladesh. Therefore, to 
focus solely on the issues of climate change the Climate Change Cell (CCC) was 
established in 2004 under a DFID and UNDP-funded project and housed in the 
DoE. CCC is tasked with integrating climate change considerations into various 
aspects of national planning. They lobby the Planning Commission to include 
 climate change directives in the national development plan to be implemented by 
professionals and funded by the line ministries. 
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 In January 2010, the MoEF established a “Climate Change Unit” under its own 
setup to facilitate the fi nancial and institutional mechanism for implementation of 
the Bangladesh Climate Change Trust Fund, what the Government endowed to the 
Ministry through creating a Trustee for the implementation of BCCSAP 2009.  

20.2.4.2     Economic Relations Division (ERD) 

 ERD under the Ministry of Finance is one of the important Divisions of the GoB 
which mobilizes external resources for socio-economic development of the country. 
ERD leads as the focal point of the Government for interfacing with the  development 
partners as well as for co-ordination of all external assistance infl ows into the coun-
try. It assesses the needs of external assistance, devises strategy for negotiations and 
mobilizes foreign assistance, formalizes and enables aid mobilization through sign-
ing of loans and grant agreements, determines and executes external economic pol-
icy. ( Source :   http://www.erd.gov.bd/index.php    .) 

 Normally, requests for fi nancing projects are made by implementing agencies to 
the donor agencies through ERD. Sometimes donor agencies which are willing to 
assist a project approach ERD. The ERD headed by a secretary is responsible for aid 
negotiation and programming. It was separated from the Planning Commission in 
1978 and given the status of a Division of the Ministry of Finance with powers to 
decide development priorities and negotiate foreign aid programmes with donor 
countries. In August 1990, the Bangladesh government made an important change 
in the approval procedures of different projects to make them consistent with the 
principles of sound project management. Previously, the Planning Commission was 
primarily responsible for scrutiny and approval of development projects. Under the 
current arrangement, administrative ministries and executing agencies are respon-
sible for examining a project before it is fi nally approved by the Executive Committee 
of the National Economic Council (ECNEC). After the approval of the projects, the 
relevant department or agency appoints a project director with the prior consent of 
the administrative ministry.  

20.2.4.3     Planning Commission 

 The commission is the central planning body of Bangladesh. It is a body of 
 professionals and sector specialists engaged in the formulation of macro as well as 
micro economic plans and policies of the government. 

 Through the formulation of the 5-year Plans and the Annual Development Plans, 
the Planning Commission in effect translates the ideas, aspirations and the commit-
ment of the party in power. The Planning Commission is entrusted with functions of 
preparing national plans and programmes according to the directives of the National 
Economic Council (NEC). 

 The Commission, through multi-sectoral input–output models, makes macro 
economic projections and sets output targets for the sectoral activity at different 
time frames such as long term perspective plans like Five Year Plans and Two Year 
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Plans etc. Although responsibilities from planning to execution are shared between 
the administrative ministries and planning commission the planning process starts 
with the mapping of economic trends and identifi cation of alternative possibilities 
by the Commission, leading to formulation of the technical framework of a plan. 
Ministries and agencies participate indirectly in these technical works as source 
of information. Planning Commission launches detailed economic, fi nancial and 
 technical appraisal of projects and mobilizes resources for their implementation in 
consultation with the Finance Division and the ERD.   

20.2.5     General Policy and Strategy Making Process 
in Bangladesh 

 As per the clause of the Rules of Business 1996 clause 4(ii) “no important policy 
decision shall be taken except with the approval of the cabinet”. Cabinet is the ulti-
mate authority of approving a policy. There are inadequate debate on policy and 
legislation in Parliament. Many important matters including the Five-Year Plan are 
not discussed in the Parliament at all (Aminuzzaman  2002 ). Most policy is formu-
lated in the ministry level are not even announced in the parliament, so it is not 
surprising that such policies have little public understanding and are often imple-
mented half-heartedly (Aminuzzaman  2002 ). 

 For example, the policy on Chittagong Hill Tracts Accord was made by a handful 
of senior Awami League and tribal leaders with little or no actual consultation 
with the party, or in the parliament, or the public in general that denotes the elite 
domination in the process. 

 Flood Action Plan is an example of how supposed benefi ciaries of fl ood control 
in Bangladesh—the country’s poor majority—have been virtually excluded from 
the decision-making process. The    World Bank concedes that past embankment proj-
ects have been undermined by deliberate cutting of embankments by disgruntled 
farmers and fi shermen, and hence calls for “closer involvement of the benefi ciaries” 
and “more cooperation among farmers”. It provides no inkling, however, of how 
these are to be achieved in a context of military based rule and a highly inequitable 
land ownership pattern. 

 Health policy, for example, is shaped not only by certain acts but also by a stream 
of administrative rules and decisions interpreting, elaborating, and applying the act 
to particular situations (Aminuzzaman  2002 ). A study on health policy formulation 
shows that donors and bureaucrats are the dominant forces in health policy making; 
this causes lack of representation of people for whom the policy is nominally made.  

 Over the last four decades, Bangladesh has created a space for pluralistic institu-
tions to function and take active role in infl uencing the policies in Bangladesh. Besides 
having government, political organizations, business community, and donors to take 
part in the policy making process, another type of institution—NGOs—evolved and 
established themselves as a prominent actor infl uencing the policy implementation. 
Bangladesh’s slow transition from using interventionist approach towards adopting 
neoliberal approach has created scopes for civil society to form NGOs and actively 
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participate in the development process. In this whole process a network of elite having 
access to all different kinds of institutions have gradually constellated and made these 
institutions to function based on trust and mutual dependency. 

 In summary, the two decades of policy making suggests the following trends:

•    Most polices are driven by expert and bureaucrats following a top-down process. 
While participation of stakeholders increased, quality of participation of poor 
people remained weak.  

•   Often policy agendas are set through external requirement as oppose to domestic 
demand that created limited ownership by the society at large. Externally driven 
process created limited political ownership and often created parallel process to 
already existing planning process.  

•   Participation of political parties and debate in the parliament on major policy 
issues remained weak.     

20.2.6     International Drivers in the Planning 

 The international climate change governance in 2007 and 2008 had an infl uence over 
post- Sidr  planning in Bangladesh (Table  20.1 ). COP13 in 2007 created a sharp 
divide between developed and developing countries about the fi nancing mechanism; 
whether it should be bilateral or/and multilateral through existing mechanism of 
UNFCCC. The developed countries preferred bilateral mechanism through existing 
fi nancial institutions (   Shamsuddoha and Chowdhury  2008 ) while developed coun-
tries voiced concern about bureaucracy of such mechanism. The COP13 also decided, 
for the fi rst time, mitigation for the developing countries under long-term coopera-
tive action together with adaptation supported by fi nancing, capacity building and 
technology, which should be in a measurable, reportable and verifi able  manner.

   Meanwhile the “the Finance Minister’s meeting” of the G8 countries, held in 
Osaka in June 2008, agreed to the “G8 Action Plan for Climate Change to Enhance 
the Engagement of Private and Public Financial Institutions”. They also supported 
the launch of new Climate Investment Funds (CIFs) by the World Bank, which will 
complement existing bilateral and multilateral efforts, until a post-2012 framework 
under the UNFCCC is implemented (Shamsuddoha and Chowdhury  2008 ). The 
fi nancing will be in the form of credit enhancement and risk management tools, 
such as loans, grants, equity stakes, guarantees and other support mobilized through 
donor contributions to the respective trust funds, which will be implemented in 
 collaboration with the regional development banks (RDBs). 

 The Pilot Program for Climate Resilience (PPCR) was approved by the SCF 
Trust Fund Committee of the WB in 2009. The WB later named three countries, 
Bangladesh, Niger and Tajikistan to receive support with US$270 million from 
PPRC. The WB has also approved US$110 million for PPCR in Bangladesh, of 
which UD$50 million is in the form of grant and US$60 million in the form of credit.   
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20.3     Post Sidr Planning and BCCSAP 

20.3.1     The BCCSAP 

 The BCCSAP was fi rst developed during a state of emergency in Bangladesh in 
2007 and 2008. The fi rst version of the document which is referred to as BCCSAP 
2008 (GoB  2008 ) was launched at the “UK Bangladesh Climate Conference” in 

   Table 20.1    Chronology of key climate change milestones 2005–2010 within international and 
national context   

 International political and 
climate change related 
events 

 Bangladesh national 
events 

 Bangladesh climate change related 
events 

 • IPCC AR4 (2005) 
 • COP13 at Bali (2007) 
 • IPCC got noble prize 

(2007) 
 • UK domestic politics 

Gordon Brown 
assumes offi ce of 
PM (2007) 

 • UK development 
minister issued a 
written statement on 
dispute over 
Bangladesh MDTF    
(2009) 

 • Launched climate 
investment fund 
(2008) 

 • COP 14 at Poznan, 
Poland (2008) 

 • COP 15 at 
Copenhagen (2009) 

 • State of emergency 
imposed (2007) 

 • Occurrence of two 
national scale fl ood 
and one category fi ve 
cyclone Sidr (2007) 

 • Top leaders of two 
big political parties 
arrested (2007) 

 • CSRL formed with 
200 national and 
international NGOs 
(2007) 

 • Equity BD adopted 
climate change 
(2007) 

 • Bangladesh 
encountered severe 
food crisis (2007) 

 • National election held 
(2008) 

 • Awamileague led 
coalition with left 
parties formed 
government (2009) 

 • NAPA prepared (2005) 
 • UK pledges 75 m GBP (2007) 
 • Caretaker Government allocated 

BDT 300 Corer for climate 
change (2007) 

 • BCCSAP process launched(2008) 
 • 1st UK–Bangladesh Climate 

change conference held in Dhaka 
(2008) 

 • MDTF design (2008) 
 • BCCSAP launched in UK–

Bangladesh climate conference in 
London (2008) 

 • Finance advisor of Caretaker 
government declared World Bank 
to manage MDTF in 2nd UK–
Bangladesh conference (2009) 

 • Campaign in progress on demand 
of BCCSAP revision nationally 
and the UK (September 2008–
March 2009) 

 • New government make a total of 
BDT 700 Croer equivalent to 
$100 million annually under 
national climate change fund 

 • Cabinet committee formed to 
review the BCCSAP; and cabinet 
formed to on expert committee to 
revise the BCCSAP (2009) 

 • Cabinet approved revised 
BCCSAP (2009) 

 • The climate change act passed in 
the parliament (2010) 

 • Bangladesh signs loan from PPCR 
fund (2010). Climate Change Unit 
established in MOEF (2010) 
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London in September 2008. Following the general election in 2009, the newly 
formed coalition government led by the Awami League (AL) revised and approved 
the current version of the document referred to as the BCCSAP 2009 (   GoB  2009a ). 

 The objective of the BCCSAP is to integrate climate change constraints and 
opportunities into the overall plan and programmes involving all sectors and pro-
cesses for economic and social development. The document is prepared for only 10 
years (2009–2018) and estimated US$5 bn for fi rst 5 years for the implementation 
of selected adaptation activities. The document selected 28 cost effective priority 
programmes to be implemented in fi rst 5 years (BCCSAP 2009). The document 
pursues an action plan with six following pillars:

    (a)    Food security, social protection and health,   
   (b)    Comprehensive disaster management,   
   (c)    Infrastructure development,   
   (d)    Research and knowledge management,   
   (e)    Mitigation and low carbon development,   
   (f)    Capacity building and institutional development.     

 Putting fi nance and technology as means to achieve adaptation and mitigation 
the documented adopted a broad principle that “present day climate change is the 
result mainly of historical Green house gas emission by the western and other indus-
trialized countries and fi nance has to come from them”. Thus the document adopted 
a principle for adaptation funds that should be “purely grant basis”.  

20.3.2     Funds and Funding Mechanism 

 Post Sidr planning includes two funds and funding mechanism. 

20.3.2.1     Climate Change Trust Fund (CCTF) 

 The  CCTF  is the Government’s own trust fund generated from the national budget. 
The fund of Tk. 300 crores was initially declared by the Interim government in 2008 
that was later increased to Tk. 700 crores (USD100 m) by the AL government. In early 
2009, the Climate Change Trust Fund Policy was approved by the cabinet, and in May 
2010, the Climate Change Trust Fund Act 2010 was passed to back-up the fund. 

 The MoEF formed three committees to facilitate the implementation of the fund; 
and established: (a) Interministerial Climate Change Steering Committee, (b) 
Climate Change Technical Committee and (c) the Trust Fund Board. 

 The MoEF called for proposals in November 2009 from GoB institutions and national 
NGOs to be funded by the CCTF. By January 2010, several projects were chosen; 17 
were from government bodies and institutions and 7 by NGOs. Of the total amount of 
the fund, 66 % is allowed to be spent on activities and the remaining amount, 34 %, will 
be invested. This is according to the name of the Bangladesh Climate Change Trust 
Fund; the word “Trust” was specifi cally included for the purpose of keeping a certain 
amount of the annual allocation made in the budget towards the Fund for “investment”.  
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20.3.2.2     Bangladesh Climate Resilience Fund (BCCRF) 

 Until recently the BCRF was called the Multi-Donor Trust Fund (MDTF). The ori-
gin of the MDTF was in the latter half of 2008 when the UK government pledged a 
grant amounting to 75 million GBP over the next 5 years to implement BCCSAP. 

 GoB singed communiqué with the UK in 2008 putting forward 2005 Paris 
Declaration on Aid Effectiveness through which UK support would be disbursed. 
Since UK’s aid policy does not allow direct transfer to GoB’s account, the MDTF 
was pursued as an alternative mechanism. Since creation of new institutions takes 
time, according to DFID, the WB came into the picture as a fund manager. Since 
then, the WB’s role in the MDTF created signifi cant national and international cam-
paign and dispute between GoB and donors. 

 At the end of 2010, the utilisation of funds held in MDTF did not start while 
the fi nal mechanism for the management and governance await approval from the 
Prime Minister of GoB. Until end of 2010, the EU, Sweden, Denmark and DFID 
joined in BCCRF.   

20.3.3     Implementation Mechanism 

 BCCSAP establishes an organisational chart for coordination and facilitation of 
national actions on climate change:

    (a)    National environment committee, headed by the prime minister that is respon-
sible for strategic guidance and oversight.   

   (b)    National steering committee on climate change, headed by Minister of 
Environment and Forest, responsible for overall coordination and facilitation.   

   (c)    Climate Change Unit, housed in MoEF, responsible for coordination and 
management.   

   (d)    Climate change focal points in all ministries, reasonable for planning and 
implementing activities within their remit.     

 The government set up a Climate Change Unit in MoEF along with focal points 
in several ministries for coordination of all climate change activities (Bangladesh 
Development Forum Meeting 15–16 February 2010).  

20.3.4     2012 Update of Climate Change Funding 
and Institutional Architecture 

 Climate Change policy operates in a competitive policy environment in Bangladesh. 
The government’s priorities 4    at this time include Energy and Transport and are key 
drivers of economic growth. A brief review of energy and power policy revealed a 

4    http://www.thedailystar.net/newDesign/news-details.php?nid=187821.  
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dilemma for the country in that the reliance on dwindling stocks of Natural Gas, 
which is used for about 80–90 % of electricity generation is planned to be replaced 
by a signifi cant increase in the use of coal as well as renewables. It is understood 
that National Coal Policy is currently being developed. 

 There is no exclusive national policy that deals with climate change in Bangladesh. 
The BCCSAP strategy does not specify which one, out of the 28 adaptation modali-
ties, should be prioritised over the others and in which order the country implements 
such a long list of adaptation programmes. The absence of both prioritisation and 
costing should be addressed. 

 The development of climate change policy in Bangladesh has been stimulated 
and promoted by the international dimension. Reciprocally, Bangladesh has helped 
develop LDC positions and particularly contributed to debates on climate fi nance. 
Bangladesh’s vulnerability in an international context has given it moral voice 
within an international context and it has championed the LDCs. In the longer term, 
the country’s economic development may lead it into the middle income group- 
indeed that is a goal of political interests. This would mean it would benefi t less 
from international funds. 

 The international and national institutions involved in Climate Change in 
Bangladesh represents a wide and complex constituency of interest that included 
Central Ministries, Line Ministries, Local Government, NGOs, the private sector 
and donor partners. Spurred on by direct experience of some extreme weather catas-
trophes, there has been increased focus on handling climate induced vulnerabilities 
in the light of climate change across the national political consensus. Some of the 
dynamism and energy has resulted in tangible outcomes with new national and sec-
toral policies and institutions being developed in recent years all of which included 
climate change concerns. 

 Bangladesh has not formulated a policy in relation to private sector involvement 
in Climate Change and has not set any target of preferred mix of funding or delivery 
modalities. This must be considered more fully in the development of a National 
Climate Fiscal Framework Development partners and Government have separated 
climate funding from mainstream Government planning and expenditure for their 
separate reasons. On the Government side the grounds are that current processes of 
assessment within the Planning Commission are slow and would delay spending. 

 The Ministry of Finance and the Planning Commission discussed inclusion of 
existing climate change funding into the public fi nancial management systems in 
various occasions. BCCRF and the PPCR are avoiding the formal system and that 
this is against the principles of aid effectiveness, and that fi duciary risk cannot be an 
excuse to bypass national systems. However, as the Government’s own Trust Fund 
also sits outside formal PFM systems of performance and scrutiny, there is clearly a 
need for movement towards accommodation of all funding mechanisms within 
existing PFM systems in Bangladesh—particularly in light of the already signifi cant 
sums being processed through Government systems (Fig.  20.1 ).
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  Fig. 20.1    Simplifi ed overview of climate funds fl ow (Bangladesh).  Source : General Economics 
Division ( 2012 )       

20.4         Process of the BCCSAP Planning 

 The formal process of BCCSAP formulation began in March 2008 and went through 
three distinct but connected phases until the current version was approved in March 
2009. Each phase had distinct leadership, actors and dynamics (Table  20.2 ).

20.4.1       Phase One 

 This phase formally began in November 2007 when the Department of Environment 
(DoE) signed a Terms of Reference with the UK Department for International 
Development (DFID) for a policy support grant to develop the BCCSAP. 

 Crucially, this phase established the character of the formulation process by 
locating it within the environmental arena. According to DFID Bangladesh staff, the 
DoE was chosen because it was the main nodal point for climate change activities; 
the DFID and UNDP-funded Comprehensive Disaster Management Program had 
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previously established a Climate Change Cell 5  within the DoE. DFID did not have 
contacts within the MoEF at that time although they kept MoEF informed about the 
process (DFID, personal communication, 2010). A staff member of the Climate 
Change Cell was assigned to design the programming aspect (CCC,  personal 
 communication, 2010) while the Economic Relations Division (ERD) of the GoB 
was asked to produce a fi nancing mechanism for implementation of the BCCSAP. 
A document was produced to be shared with stakeholders by March 2008. 

 The MoEF and a few infl uential climate change experts not involved in this 
 process questioned whether the DoE had the “mandate” and “capacity to formulate 
a strategy of a multi-sectoral nature”. MoEF then assigned a group of experts to 
formulate the Strategy.  

20.4.2     Phase Two 

 This is the core BCCSAP formulation process, which began in March 2008 and 
marked the launch of the fi rst version of the BCCSAP in London at the “UK–
Bangladesh Climate Conference” in September 2008. The key character of this phase 
was the involvement of a broader range of stakeholders. GoB announced an allocation 
of Taka 300 crore (USD 100 million) per annum from the national budget to 

5    Climate Change Cell was established in 2004 in the DoE under the Comprehensive Disaster 
Management Programme (CDMP) of GoB, UNDP and DFID. The purpose of the CCC was to 
enable the management of long term climate risks and uncertainties as an integral part of national 
development.  

   Table 20.2    Major changes BCCSAP 2008 and BCCSAP 2009   

 Version  BCCSAP 2008  BCCSAP 2009 

  Key drivers   Previous technical studies including 
NAPA 2005 

 Political commitment of the AL 
government 

  Key principles   (a) Wide range of funding sources 
 (b) Linking adaptation and mitigation: 

low carbon development as part of 
climate resilient development 

 (a) Funding should be grant only 
 (b) Low carbon development 

without compromising 
economic growth 

 (c) Recognising the historical 
responsibility of developed 
countries 

  Programme 
of action  

 120 programmes proposed. 
Predominantly techno-managerial 
actions including physical 
infrastructure, technical research 
and development, technology 
development, and institutional 
capacity. Only nine programmes 
for human capacity development 

 No signifi cant change in the 
distribution of actions but 
additional programmes 
including planned migration, 
investment in women’s 
capacity building, and river 
dredging 
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implement the BCCSAP. UK’s pledge of GBP 75 million over 5 years came together 
with the idea of a World Bank (WB) led MDTF to govern, manage and mobilize the 
fi nance. 

 This phase saw a growth in debates and campaigns nationally and internationally 
over the process and content of BCCSAP, as well as the increasing involvement of 
the WB in the MDTF.  

20.4.3     The Final Phase 

 This phase began when the AL led coalition government took notice to and engaged 
in the debate over the BCCSAP and MDTF in the beginning of 2009. The govern-
ment set up a ministerial committee led by the Planning Minister to redevelop the 
BCCSAP (GoB  2009b ) which highlighted key gaps in the document. The Cabinet 
put together a review committee comprised two previous members involved in 
phase two and a few new experts. 6  The committee recommended a draft BCCSAP 
in August which the cabinet approved and renamed as the BCCSAP 2009 in 
October. Meanwhile, the proposed role of the WB in the MDTF governance and 
management sharply divided the actors and created a dispute between GoB and 
donors, most notably the EU and DFID. The centre of the dispute was on the man-
agement of the MDTF. While GoB states that it had capacity to manage fund and 
donors insisted for WB to manage the fund that they thought would help mobilising 
more funds. This dispute was later declared to be resolved in the Bangladesh 
Development Forum (BDF) meeting in 2010. 7    

20.5     Actors and Their Ideology in Post Sidr Planning 

 A range of groups were involved in the different phases of the BCCSAP formulation 
process and subsequent debates. A summery is provided in Table  20.3 .

20.5.1       Political Parties 

 The participation of the political parties in climate change issues remained almost 
nonexistent at the beginning of the BCCSAP formulation process, with no visible 
party positions expressed. 8  This was partly because of the state of emergency that 

6    A six member committee comprised of both GoB and experts.  
7    See Ed Milliband’s statement to the UK Parliament, http://www.publications.parliament.uk/pa/
cm200910/cmhansrd/cm100302/wmstext/100302m0002.htm.  
8    Based on the analysis of the participants list of the consultation workshop and confi rmed by 
 personal communication with a number of national political leaders.  
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set a limit to political activities and partly because they were not invited in various 
formal consultations workshops organised for the BCCSAP. The leading role of 
political party-only the ruling party in the process began in the phase three dis-
cussed in earlier section. 

 Like regular policy making process in normal (contrast to state of emergency) 
circumstance, role of opposition political parties were negligible in the BCCSAP 
building process in phase three. Professor Rehman Sobhan explains this as a pat-
tern—“power confi guration in Bangladesh is such that opposition political parties 
often fail to infl uence the policies in Bangladesh” (Sobhan  2007 ). Clearly, there was 
no major political debate raised by the political parties in all phases and climate 

change is still at the periphery of the domestic politics. While the main opposition 
party, Bangladesh Nationalist Party (BNP), was less visible in pursuing agenda or 
alternatives, some of the key party leaders expressed their opinion on BCCSAP in 
the press and seminars organised by civil society groups, even in the state of emer-
gency. This was perhaps due to limited party-wide “consensus” on the key climate 
change issues with an exception to AL that included climate change in their mani-
festo for 2009 general election (Box  20.1 ).  

20.5.2     Civil Bureaucrats 

 The civil bureaucrats were a consistent powerful actor over the entire period of for-
mulation. This is not unusual in policy making processes as they bear the sole 
responsibility in the preparation of major policies (Aminuzzaman  2002 ). During 
phase one and two, they assigned experts and approved their inputs for the BCCSAP. 
Such role was assumed by the cabinet, 9  which is ultimate authority of approving a 
policy (Aminuzzaman  2002 ), once AL came into power. 

   Box 20.1 Climate Change Text from Awami League 2009 Election Manifesto 

      “All measures will be taken to protect Bangladesh - including planned migration 
abroad - from the adverse effects of climate change and global warming”. 

   “An integrated policy and plan will be formulated to protect the country from the adverse 
effects of global warming … Projects will be undertaken for river dredging, water conserva-
tion, fl ood control, prevention of river erosion and protection of forestry. Attempts will also 
be made for restoring and maintaining ecological balance. Initiatives will be taken to imple-
ment the Ganges barrage project to expand irrigation facilities, prevent salinity and to solve 
the problem of scarcity of sweet water in the Sundarban region”.   

9    As per the clause of the Rules of Business 1996 clause 4, “no important policy decision shall be 
taken except with the approval of the cabinet” (Aminuzzaman 2002).  
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 Bureaucrats within the government do not necessarily share common ideology 
and policy position; often refl ect the ideology of ruling government. There was a 
change in the civil bureaucracy, especially in MoEF once AL came into power. The 
new bureaucrats played a visible role in the negotiations with donors on the gover-
nance and management of the MDTF. Bureaucrats were also divided over key pol-
icy issues that was refl ected when Ministry of Finance signed a loan agreement with 
the WB while MoEF was clearly not favour of loan.  

20.5.3     Community of Experts 

 The community of experts in the BCCSAP process was comprised of the country’s 
senior economists, engineers and environmentalists. The individuals in this actor 
group formed a community through their historic engagement in the technical issues 
of environment, water management and poverty. Although fairly small in number 
and based in the capital, most of them played important roles in past environment 
related policy and strategy making process. They have strong views about what to 
do, as well as sharp differences over some policy issues, such as whether infrastruc-
tural solutions are the best option for fl ood management. 10  

 This actor group is closely linked to international institutions and share a  common 
incentive structure. Almost all of them had strong desire to retain their position and 
leadership over climate change issues. Many of them saw a “window of opportu-
nity” to engage themselves in this historic process as well as wanted to see their 
ideas refl ected in the document. 

 Experts from different sectors, engaged by the government, play important role 
in the policy and planning process of Bangladesh. Partisan preference over selection 
of experts for policy making by different regime is an important feature in recent 
policy making effort in Bangladesh.  

20.5.4     Campaigns 

 The third infl uential set of actors is the  internationally connected campaign 
groups.  

 Political parties led major campaigns in the recent past to infl uence policy agenda 
and pursuing alternatives in Bangladesh. This trend has been alerted, arguably since 
1990s, when NGOs and civil society (both externally funded and home grown) 
started to play an important role in infl uencing policy agenda. The NGOs led cam-
paigns and advocacy initiatives emerged in the context of wider adoption of right 
based and governance approach adopted by major donors and international NGOs. 

10    At least two of the key members of BCCSAP formulation in phase two and three had strong 
differences in view about the effectiveness of infrastructural solution to disaster problem in 
Bangladesh.  
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On the other hand, a number of citizens based environmental campaigns, exception 
to NGO model, emerged as powerful actor in the general environmental issues, 
especially in the area of conservation. Bangladesh Poribesh Andolon (BAPA) and 
Poribesh Bachao Andolon (POBA) infl uenced public opinion and pursued conser-
vation at the centre of policy discourse. Climate change was not the central agenda 
of the campaigns although activities BAPA organised number of events on climate 
change at the beginning of 2000. This space was later fi lled through emergence of 
two campaigns in the context of global climate justice movement, international cli-
mate negotiation and politics. 

 Two major groups that have played an infl uential role in the second and third 
phase of the BCCSAP process are the  Equity and Justice Working Group  11  
(EquityBd), which is a coalition of national NGOs, and the Oxfam-led  Campaign 
for Sustainable Rural Livelihood  (CSRL). Networked with global climate justice 
campaigns, 12  they mobilized signifi cant public opinion around climate change 
issues by organizing national and international events involving infl uential politi-
cians inside and outside the government in the UK and Bangladesh. With change of 
communication technology, both the campaigning traditions engaged Bangladeshi 
Diaspora in the Europe.  

20.5.5     Bilateral and Multilateral Donors 

 The fourth group is the community of bilateral and multilateral donors. The donors 
have historically played a signifi cant and noticeable role in injecting ideas in public 
policy (Aminuzzaman  2002 ) and increased signifi cantly in the recent years (Quibria 
 2010 ) although fl ow and importance 13  of aid as a proportion of GDP continue to 
decline in recent years 14  (Duncan et al.  2002 ; Quibria  2010 ). Among the multilateral 
lending agencies, the WB as the largest lender to Bangladesh has a signifi cant infl u-
ence over the policies in Bangladesh and promoted two decades of economic 
reforms (Sobhan  2002 ; Quibria  2010 ). Among the bilateral agencies, DFID is the 

11    www.equitybd.org.  
12    Including through Christian Aid, World Development Movement, Friends of the Earth, Jubilee 
Debt Campaign.  
13    Quibria (2010) views that although annual fl ow of aid has ranged from USD 1 billion to USD 1.5 
billion its importance has declined due to increase in foreign exports and inward workers remit-
tance. For example 1970 to early 1990s the aid was about 6 % of GDP while it stood to 2 % in 
2005.  
14    Aid fl ows constitute less than 2 % of GDP, less than one-half of the annual development budget, 
and less than 20 % of total GoB expenditure. The comparable fi gures for the early 1990s were 
around 10 %, 100 % and 50 % respectively (source: B. Sundstrom, DFID). Thus, today aid dis-
bursements are around 60 % of remittances to Bangladesh by our overseas migrant workers 
(Sobhan 2002).  
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largest donor to Bangladesh, and provided fi nancial assistance to GoB to formulate 
the BCCSAP 15  (House of Commons International Development Committee  2010 ). 
DFID played the lead role in shaping and negotiating the role of MDTF.  

20.5.6     Media 

 Bangladesh has a reasonably well developed and free media that played a signifi -
cant role in shaping the public opinion and debate over climate change issues, espe-
cially in promoting the idea that MDTF to be managed by the government. Although 
the media did not assume an independent policy position themselves, they publi-
cized the policy positions of the campaign groups. Surprisingly and unlike any other 
policy making process (Aminuzzaman  2002 ), the role of national and international 
NGOs was less visible in the BCCSAP planning process than is usual for major 
policy and planning ventures in Bangladesh.  

20.5.7     Vulnerable Communities 

 The direct involvement of the  most vulnerable people  was largely absent involved 
in the process of BCCSAP formulation. Many of the key members of the drafting 
committee believed that the communities’ views have been refl ected in the BCCSAP 
as it took note of the learning from the NAPA which was written after consultation 
meetings were held in key regions. During the second phase, a group of invited 
NGOs and members from the civil society, academia, local and national govern-
ment, and donors participated in three consultative meetings organized in Dhaka; 
but their role was limited in raising issues and commenting on the draft.     

20.6      What Role Did Ideology Play in Shaping 
the Positions of Actors? 

 The study does not provide conclusions about the relative importance of ideology 
and material interests in shaping actors’ policy positions and raising ideas and alter-
natives. But the presence of a number of ideologies is clearly visible in the BCCSAP 
as well as its building process. 

 The  pluralists  include part of the bureaucrats and expert community. They 
assume that the liberal planning process creates an environment for all interest 

15    DFID’s programme there in the current fi nancial year is £125 million and will rise to £150 million 
in 2010–2011, making the UK the largest bilateral donor.  
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groups in the society to infl uence the planning process. As a consequence, specifi c 
measures may not be necessary to involve the most vulnerable section of the com-
munity. As a result involvement of local NGOs was seen as a substitute for the 
direct involvement of the vulnerable people in the planning. 

 The  modern climate justice  is a descendent of the trade justice ideology and is 
the most infl uential ideology shared by individuals and institutional actors within 
governments, campaigns, media, some of the community of experts and donors. 
The key interpretation of the ideology is of Bangladesh’s right to new and additional 
resources from international sources to help tackle the causes and effects of climate 
change with those for adaptation in particular regarded as “compensation” for dam-
ages caused by emissions largely generated elsewhere. Visible at international 
nature of mobilisation and management of resources the ideology was less trans-
lated how resources to be distributed to various vulnerable groups in the country. 

 The  left ideology , although less visible but infl uential in debates and discussions 
in BCCSAP process, has a historical root in opposing the role of international 
fi nancial institutions in domestic policy making. Journalists in Bangladesh who 
raised issues on the BCCSAP process and content in the second phase are known 
as left- leaning. Bangladesh has a historical presence of strong left political parties 
until the fall of the Soviet Union. The socialist character of AL and the ruling 
coalition is shaped by the joining of infl uential leftists in AL as well as left parties 
in the coalition. Many experts interviewed by the research team believed that the 
coalition government’s opposition to the WB role in MDTF and refusal of 
loans for climate change until 2009 was a refl ection of both the left and climate 
justice ideologies. Some of the biggest contemporary campaigns especially in rela-
tion to natural resources and energy are organised by left political parties and 
intellectuals. 

 The  faith based ideology  found especially within the Islamic and Christian tra-
ditions. Christian ethics have heavily underpinned notions of climate justice both 
international and in Bangladesh, particularly through the NGO movement and its 
advocacy. While Islamist ideology has been infl uential in translating major policy 
ideas such as education policy, land rights and women’s issues in Bangladesh, they 
played a very limited role in the BCCSAP process. 

  Market liberalists  have been crucial in promoting the idea that a mix of grants 
and loans is an essential element to fi nance efforts to tackle climate change. This 
ideology is shared by the multi lateral development banks, a part of government 
bureaucrats and part of community of experts. These groups also believe that aid 
effectiveness as a global standard is the most important component of the manage-
ment and governance of climate change grants. 

 The combination of the pluralist, market liberalist, climate justice and left 
ideologies had an infl uence in raising debates throughout the BCCSAP process. 
As an outcome, the climate justice ideology resulted in a prolonged campaign in 
Bangladesh and Europe. The infl uence of market liberals translated into GoB’s 
acceptance of the WB role in MDTF and signing of a concessional loan agreement 
between GoB and WB.  
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20.7     Contested Ideas in the Planning 

 This section fi rst presents a list of key ideas generated in the climate change plan-
ning process. Then it provides an analysis of how ideologies and shifting discourses 
coupled in producing contested ideas that shaped BCCSAP process.

    (a)    CC planning is more effective if pursued within general development planning 
vs. special planning within climate change arena and MoEF.   

   (b)    Specialists driven top down vs. a bottom-up process involving the most vulner-
able communities.   

   (c)    Techno-managerial approach vs. programme for human capacity building.   
   (d)    The climate change fund as compensation vs. concessional loan.   
   (e)    Creation of special fi nancing mechanism i.e. MDTF managed by the WB vs. 

Bangladesh’s control over the fund management.     

20.7.1     Specialised vs. General Development Planning 

 The Planning Commission is the central planning body of Bangladesh responsible 
for macro and micro economic plans and policies i.e. National Five Year Plan and 
Annual Development Plans. According to the GoB’s Rules of Business, the minis-
tries are responsible for the sectoral policy formulation, planning, evaluation and 
execution (Aminuzzaman  2002 ). Unlike policy making, Bangladesh does not have 
any formal process for strategy development (Chowdhury  2003 ). 

 Planning experts interviewed raised the question whether a faster and sustained 
mainstreaming of climate change into the country’s central planning process can be 
achieved if it was done through the national planning process and its institutions. 
The root of this question rests on the analysis that development can increase vulner-
ability thus both climatic and non climatic factors are to be included into the cli-
mate change planning for it to be effective. BCCSAP acknowledges mainstreaming 
as a means to address multi-sectoral nature of climate change problem. However, 
the ownership as prerequisite for mainstreaming has been weakened due to 
BCCSAP’s location within a sectoral ministry. For example, the Finance Ministry 
signed a loan agreement 16  with the WB under PPRC while BCCSAP stated against 
taking loans. 

 Interviewed experts concern about likelihood of creation of planning exception-
alism since the implementation of BCCSAP may not go through regular national 
planning appraisal, approval and fi nancing process. For example, two different 
governance and management infrastructures have been created for appraisal, 

16    World Bank approved a 110 million PPCR project on November 10, 2010. In the presence of WB 
and DFID, ERD on behalf of the GoB signed the agreement in which USD 50 million is grant 
while USD 60 million is concessional loan.  
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approval and monitoring of projects under the BCCSAP. The fi rst is for projects 
which will be fi nanced by the National Trust Fund, and managed by the Climate 
Change Unit in the MoEF. The second is for projects to be fi nanced by the MDTF, 
and governed and managed by an evolving new system with the involvement of 
GoB, participating donors and the World Bank as administrators.  

20.7.2     Top Down vs. Bottom-Up Process 

 The BCCSAP by design is a specialist driven process and did not involve the most 
vulnerable communities affected by climate change (   Raihan et al.  2010 ; Khaled 2009). 
Moreover, the DFID funding for the development of BCCSAP did not include any 
activity and spend for involving these groups. 

 Many involved experts provided a number of explanations on why community 
involvement was non-existent in the BCCSAP process. They all univocally said that 
they had limited time to produce such a massive document in 6 months to be 
launched in London in September 2008. An expert commented that “the document 
could have been much nuanced and effective had there been more time for consulta-
tion”. A second reasoning is an assumption that there is a limit to climate change 
knowledge that experts are aware of which community consultation would not sub-
stantially alter the content that refl ects the pluralist ideology of policy making. The 
third point was related to the justifi cation that the community consultation was sub-
stituted by the inclusion of analysis and studies done during the NAPA preparation. 
The BCCSAP was fi nalized with three day-long workshops separately with govern-
ment ministries, civil society members and donors respectively. Such process was 
heavily criticised by the campaign groups, media and politicians. For example the 
current Finance Minister stated that “the representation of the people who are vul-
nerable to climate change should be included in fund management and developing 
the climate change strategy paper” (The Daily Star  2008 ).  

20.7.3     Techno-Managerial vs. Human Capacity Building 

 The country’s wealth of development knowledge especially in disaster, water and 
environment arena was transformed not only as evidence of climate change but also 
to narrate what should be done to adapt to its impacts. For example, the post Hyogo 
disaster analysis put social and political aspect of vulnerability at the centre of 
 policy and practice of disaster risk reduction. Although engineering solutions to the 
disaster problem has always been controversial in Bangladesh, informed interview-
ees argued that the BCCSAP should have been built on the past lessons from infra-
structural projects on disaster management especially from Flood Action Plan in 
1990s (Lewis  2010 ). 
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 The second debate was centred on the inclusion of mitigation in the BCCSAP. 
The donor community hailed the inclusion of low carbon development as a pillar 
in the BCCSAP which caused debate among the campaigning groups in Bangladesh. 
The UK Bangladesh communiqué declared in London states that UK is committed 
to Bangladesh to switch to a low carbon development path and reduce its depen-
dence on ever more expensive fossil fuel. The New Age daily published an edito-
rial urging that low carbon technology must not be obligatory which will necessarily 
thwart and impede the progress of the poor countries (NewAge  2008b ). The ruling 
AL government later adopted two principles: (a) mitigation measures should be 
supported by fi nance and technology by the  developed countries, (b) this mitiga-
tion activities should not affect the country’s sustainable development growth.  

20.7.4     The Climate Change Fund as Compensation vs. 
Concessional Loan 

 There was considerable frustration 17  among actors about too little fund Bangladesh 
received till 2007. 18  

 This frustration promoted the idea that Bangladesh could accept concessional 
loans from lending agencies fearing that Bangladesh would not receive adequate 
amount of grants (GoB  2009b ). Following the huge economic loss resulting from the 
2007 disasters, the GoB and Bangladesh’s campaign groups shaped the idea of 
claiming compensation. The Prime Minister and Foreign Minister expressed similar 
positions in the past. In 2009 before COP15, the Foreign Minister Dipu Moni said 
“Copenhagen conference must agree on funding grants and not loans” (Daily Star 
November  2009 ). At the same time Bangladesh’s newspapers ran another story say-
ing “the ERD is pursuing for loan based MDTF sponsored by the WB while the 
MoEF was opposing the division’s plan on the grounds that it contradicts Bangladesh’s 
stance with the LDCs and G77 in the global climate negotiations” (NewAge  2008c ).  

20.7.5     Special Funding Mechanism i.e. MDTF Managed 
by the WB vs. Bangladesh’s Control Over the Fund 
Management 

 The communiqué signed between the GoB and UK states that “the UK support will 
come with 2005 Paris declaration of aid effectiveness aligning it to government 
owned plan through a Bangladesh Multi Donor Trust Fund and the UK will 

17    GoB and the national and international civil society expressed such frustration reported in 
national and international newspapers. Prime Minister of Bangladesh also expressed such concern 
in many occasion including GCC meeting in Dhaka.  
18    Till 2007, Bangladesh only received 250 million USD through GEF for implementing the NAPA.  
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continue to work with GoB and other development partners to make MDTF opera-
tional”. During the conference the then Finance Advisor made a comment that the 
WB may be given the responsibility to manage the fund which was opposed by the 
Special Assistant to the Chief Advisor of Environment (NewAge  2009 ). 

 The idea of WB’s involvement in the MDTF can be traced back to DFID’s assess-
ment over the risk of transferring the responsibility of the fi nancial trust fund 
directly to the government (House of Commons International Development 
Committee  2010 ). Direct Budget Support remains off limits for the EC, in view of 
continuing governance challenges and weak Public Finance Management (Global 
Climate Change Alliance). DFID told the study team that creating a new institution 
for managing the MDTF could have been time consuming and expensive. However, 
the idea of WB’s involvement as administrator created a signifi cant campaign in 
Bangladesh and Europe, and a huge dispute between the government and  sponsoring 

   Box 20.2 Dispute Over MDTF 

 Following are the major disputes over MDTF:

    (a)    GoB views that it has the capacity to manage the fund and wanted donors 
to transfer the fund directly to the government. The donors wanted WB to 
provide the administration of fi duciary part of the MDTF while govern-
ment thought WB can only provide technical backstopping and skill 
transfer role. GoB stated it can ensure robust fi duciary risk oversight 
mechanism. GoB and campaign groups stated WB role in MDTF as an 
idea opposing the national ownership enshrined in the UNFCCC. 

  Civil society groups argued against WB management—high fees of 
consultants : Civil society groups, both in Bangladesh and the UK argued 
that WB hired international consultants that charged high fees. The costs 
of the WB management would amount to 10–15 % of the funds (which 
would be over 4 million GBP of the initial offer of 50 GBP). That amount 
of the fund would not trickle down to the most vulnerable people for 
which it was intended.   

   (b)    GoB proposed to establish its independent governance and authority, and 
a three-tier governance structure, while the donors wanted to appoint the 
WB as an independent trustee to the fund. The WB wanted the MDTF to 
be governed by the terms of the legal agreement between the Bank and 
the donors.    

   (c)    The third dispute was about the sources of fi nance. The major concern 
was whether the bilateral fund pledges from the “Annex 1 countries” 
(UNFCCC) to the MDTF is new and additional to the existing ODA com-
mitments or not. It was campaigned by the CSOs that the donor’s com-
mitment to the MDTF is from their existing aid budget to Bangladesh, 
instead of being additional money, which is a breach of the fi nancing 
commitment made under the UNFCCC.     
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donors (Box  20.2 ). The Minister of Environment pointed out at the Bangladesh 
Development Forum (BDF) meeting that “the fund would be administered by the 
government while ensuring robust fi duciary risk oversight mechanism satisfactory 
to the development partners” (GoB  2010 ). The 3 year long dispute resulted in a 
number of changes in the management and governance of the MDTF. 

 WB’s role in MDTF overshadowed the discussion on the content and process of 
BCCSAP during the second and third phases.     

20.8      Concluding Remarks: Further Refl ections 

 Bangladesh’s experience demonstrates a number of key lessons in the political 
economy of climate change planning. Understanding these patterns has important 
implications on the future climate change planning and their implementation in 
Bangladesh and other vulnerable countries. 

 The fi rst lesson is related to the planning approach that can foster and sustain 
the mainstreaming of climate change into the central development planning. There 
is always a risk of creating special planning and implementation process referred 
as planning exceptionalism parallel to existing planning and approval process. 
A number of challenges emerged from Bangladesh Case Study.

•    The fi rst of the key challenges remains with the application of aid effectiveness 
by the donor countries. Donors often adopt short-term approaches to achieve aid 
effectiveness by creating alternative mechanisms of planning and implementation 
risking sustainable mainstreaming of climate change with the overall develop-
ment planning and implementation.  

•   The second challenge is domestic in which specialization of climate change 
arena merits further refl ection. The key question to be asked is whether 
 climate change should remain in a specialized sphere led by technical experts or 
opened up to include actors from all different sectors, population groups and 
settlements.    

 The second lesson is related to a wider question of how a society should solve a 
transnational problem of a signifi cant nature considering the unequal power rela-
tions between various actors in which planning and implementation takes place. 
While there has been a shift from state monopoly over the planning towards a 
participatory approach, the assumption of equal power of various actors and interest 
groups continue to persist among the policy elites in Bangladesh. As a result, NGO 
participation is often assumed to be a substitute for the involvement of vulnerable 
communities. Specifi c measures to empower the vulnerable people are a precondi-
tion of equitable policy making process and a just outcome. 

 The third lesson is related to application of climate justice idea and ideology. 
BCCSAP did not adopt a justice-based framework how various groups of vulnera-
ble people would be benefi ted from the climate change planning, which the study 
team believes an unimplemented priority for Bangladesh. To address this 
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shortcoming, study team recommends immediate development of a framework that 
must outline how resources would benefi t not only existing various vulnerable 
groups but also the people who have already been affected by climate change. 

 The fourth batch of lessons is related to the design of policy, plans and pro-
grammes to tackle climate change. Experts often pursue solutions ignoring the past 
lessons especially in relation to upscale of existing interventions. Clearly inade-
quate time for building a long term strategy was a challenge for the actors involved 
in the BCCSAP. The lack of domestic politics in climate change and limited 
 involvement of parliament resulted in limited debate and accountability of the plan-
ning process. Whether Bangladesh should take loans for climate change should 
have been debated in the parliament. The challenges that need to be addressed are 
the following:

•    A political ownership of all parties is a necessary precondition to protect the 
country from climate change impact. Government should provide leadership to 
create such a precondition. Parliament’s role should be made mandatory to for-
mulating vital policy and plans.  

•   Institutional ownership on the planning process is also a precondition for 
 mainstreaming BCCSAP into the national sectoral and planning process. The 
role of inter-ministerial body is vital for understanding of barriers for main-
streaming and creating enabling environment for promoting ownership over 
change processes required for climate resilient development.  

•   Local government must play a vital role in implementing climate resilient 
 development, which is an overlooked area of the BCCSAP that needs to be 
considered.  

•   The mega infrastructural projects included in the BCCSAP should be critically 
examined in light of past lessons especially Flood Action Plan (FAP) and Coastal 
Environmental Project (CEP) of 1960s and future trends before they are 
implemented.  

•   GoB should establish a robust accountability mechanism that has ownership and 
trust of all actors for the utilisation both national and international resources.        
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