Zahidul Islam
Hasan Shafie

ANTHROPOLOGY
OF CLIMATE CHANGE

Culture and Adaptation in Bangladesh



ANTHROPOLOGY/ CULTURE/ CLIMATE/ ADAPTATION/ BANGLADESH

Anthropology has a long-standing tradition of studying vulnerability, risk and adaptation to
environmental changes and modeling the human-environment interactions in terms of real life
complexities and cultural conditions. This book is a unique contribution from social science
perspectives and foreshadows the beginning of the anthropology of dimate change in Bangladesh.

— PROFESSOR ASM MAKSUD KAMAL, Dean, FEES, University of Dhaka.

‘Anthropology of Climate Change: Culture and Adaptation in Bangladesh’is an original work of its
kind inspiring adaptation efforts at the community level while contributing to the overall global
vision of a climate resilient future. The book has sustained relevance to all who are interested in
dimate change adaptation and sustainable development in Bangladesh.

— AKM MAMUNUR RASHID, Climate Change Specialist, UNDP Bangladesh.

Climate change emerged as the greatest threat to humanity and the most pressing issue of our
time. Recognizing anthropology's potentials for engagement and scholarship in the
understanding of contemporary climate variability, and climate change policy and governance,
the book made use of cultural analysis and theories to explore the human dimensions of climate
change adaptation in the context of Bangladesh. While climate change alters our physical
realities, the problem is rooted in specifichuman actions, choices and a culture of consumerism
across the globe. Therefore, climate change is more a human problem than a natural one, which
is to be understood in terms of social institutions, cultural beliefs and practices. Again, climate
change impacts are experienced, interpreted and explained by people based on their respective
cultural knowledge and social positioning. The book is founded upon anthropological research
and cultural analysis of human nexus with global environmental changes. Although climate
change is a global problem, the distribution of impacts are on local and regional scales, and
therefore, the solutions are to be sought on the same levels of complexity with joint production
of knowledge involving communities. The book emphasizes the significance of understanding
the human dimensions of climate change in exploring equitable and sustainable measures for
adaptationin Bangladesh.
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Image-02: Deposition of Coarse and Sandy Alluvial Silt in Riverbed (Photograph by Mimu Das).
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Chapter One

SITUATION AND SETTINGS

Bangladesh sustains significant progresses as a developing economy over
the years but such escalating growth is being recurrently intercepted by
multitudinous natural disasters and socioeconomic processes. Owing to
the other concomitant factors like the deltaic formation history and low-
lying coastal morphology has turned Bangladesh into the most disaster
prone region on earth and is highly susceptible to climate change impacts
(Shafie 2009). The country is exposed to natural hazards of all possible
sorts, such as, floods, riverbank erosion, cyclones, droughts, water
logging, arsenic contamination, salinity intrusion, tornadoes, cold waves,
earthquakes etc. The coastal zone of the country is highly vulnerable to
climate change driven impacts of cyclone and subsequent storm surge.
Inadequate governance, weak institutions, relative deprivation, exploitation
and denial of fundamental human rights including highly polarized access
to resources through commercial and industrial entities and vested-interest
groups are defining characteristics of everyday existence in Bangladesh. The
situation becomes increasingly worse due to the multiplying effects of high
social vulnerabilities. The (co)occurrence of these natural events are often
coupled and multiplied with the high base vulnerabilities of the individuals,
households and communities results in disasters that further drive the
country towards greater environmental degradation, hunger, poverty,
social deprivation and political conflicts, and thereby withholding the socio-
economic development of the country.
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Bangladesh has achieved 7.24 percent growth in the current fiscal year,
which is the highest in the last three decades. Per capita income has increased
to 1602 USD in the current fiscal year (GoB 2017b). Poverty and extreme
poverty rates have come down to 23.2 and 12.9 per cent respectively, while
life expectancy has become 71.6 years. The country has been identified as
one of the so-called “next 11 countries with basically promising outlooks for
investment and future growth” (GoB 2012a). Current trends of economic
development suggests that the country will very likely be a developed
country by 2041 (GoB 2017b). Population growth rate has declined but
the fertility rate decline seems to have plateaued. Therefore, with increased
life expectancy, a reduced mortality rate and improvements in nutrition, a
surging population could remain a challenge.

The economy of Bangladesh is highly dependent on agriculture and, at large,
natural calamities of different types have made the farmers vulnerable to
crop failures and food scarcities accelerating poverty in the country. Climate
change threatens to undermine recent economic development in the country.
Additionally, a doubling of Bangladesh total population in the last 30 years
developed a sharp imbalance in the man-resource (particularly land and
water). Poverty, growth, environmental sustainability and vulnerability are
inextricably bound together in Bangladesh. However, more than 50 million
people still live in poverty and many live in remote or ecologically fragile
places (GoB 2012a). The economy is vulnerable to external risks such as
a weak global recovery, and a declining new outflow of migrant workers.
Besides, power shortage is one of the significant internal risks (Dasgupta,
et al. 2010). According to the Climate Change Vulnerability Index of 2015,
Bangladesh’s economy is more at risk to climate change than any other
country. The economic losses due to climate change in Bangladesh over the
past 40 years were at an estimated $12 billion, depressing GDP annually by
0.5 to 1 percent.

The livelihood base of the people significantly suffers erosion resulting from
recurrent and exposure of diverse natural hazards. People, especially poor
and marginal, suffer most from these hazards due to high degree of base
vulnerabilities and over exposure to natural hazards. The damage scenarios
suggest not only of their macroeconomic significance or of implications
for longer-term development in Bangladesh, but also imply the severity of
indirect and secondary impacts. This has triggered growing awareness of
the potential human, structural and economic threats that natural hazards
pose. Moreover, as projected in IPCC’s fourth assessment report, 70 million
people could be affected annually by floods; 8 million by drought; and up
to 8% of the low-lying lands may become permanently inundated due to
sea level rise- all by 2050. Both in Copenhagen and in Cancun, the world
community unanimously agreed that Bangladesh is the country most
vulnerable to climate change impacts. However, the situation calls for
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immediate attention from both national and international communities
to develop and undertake measures in counteracting the likely impacts of
climate change in Bangladesh.

Human-induced global warming is causing fundamental changes to
our climate and turns out to be one of the greatest threats to humanity
in the twenty first century. Climate change is a complex, multifaceted,
multidimensional, long-term, slow onset phenomenon with enormous
impacts that touches almost all spheres of human society including most
of its production-consumption processes (Rahman, et al. 2007a). Climate
change threatens settlements and the number of people displaced from their
land due to riverbank erosion, permanent inundation and sea level rise is
increasing rapidly every year. It is also likely to threaten many development
investments and efforts. Besides, the risks of climate variability are likely to
be accentuated manifolds by the ensuing and extended climate change. For
example, food security, water security and energy security are key elements
of development. The impacts of climate change are likely to impede the
process of achieving those securities in many affected communities.

Climate change has received relatively less attention from social sciences
until recent time (Haunschild, et al. 2016; Locatelli, et al. 2017). Only
around 5% of the scientific papers published on climate change before 2010
were written from a social science perspective, while the rest of them were
written from natural sciences perspective (Grieneisen and Zhang 2011).
The research trend on the social and policy dimensions of climate change
is gradually increasing (Hartel and Pearman 2010). A recent study on the
literature on climate change policies showed a dominance of publications
in journals with thematic and interdisciplinary orientations, as well as in
journals focusing on economics, and a dominance of empirical case studies
without theory development (Rykkja, et al. 2014 cf. Locatelli, et al. 2017).
Given this backdrop, Stern suggest that climate change research must be
interdisciplinary “because human-environment relations are natural and
technological as well as behavioral and because the relevant human actions
are those not only of industries, but also of communities, organizations and
political-economic institutions” (Stern 1992). However, to complement
this analysis of journals and disciplines, this book intends to focus on
climate change policy research from anthropological perspective. The
book would provide the policy makers with reliable data to make informed
decisions on adaptation options in Bangladesh as a decision-aiding tool
for onward planning at various stages of the policy-making cycle. Under
this broad perspective, the present SEA study encompasses assessments of
both broad policy initiatives and more concrete programs and plans that
have physical and spatial references. The book emphasizes the significance
of understanding the human dimensions of climate change in exploring
equitable and sustainable measures for adaptation in Bangladesh.
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LIKELY IMPACTS OF CLIMATE CHANGE IN BANGLADESH

Bangladesh is a disaster-prone country. Due to climate change, hydro-
meteorological disasters (cyclone, flood, drought, etc.) will be more frequent
with increased magnitude. Almost every year, the country experiences
disasters causing heavy loss of life and property and jeopardizing the
development activities. The country is already beset with many problems
like increasing population density, food security, human health, illiteracy,
and so forth. These disasters erode the livelihood base of the inhabitants.
Bangladesh is likely to be one of the most vulnerable countries of the world
to climate change impacts. The global warming due to the increase in
greenhouse gas concentrations in the earth’s atmosphere and the consequent
sea level rise (SLR) are going to exacerbate the situation (Ahmed and
Chowdhury 2006). Almost every sector of socio-economic life in Bangladesh
is likely to be affected by climate change (Karim and Mimura 2008; Khan,
et al. 2011; Pouliotte, et al. 2009; Rahman 2008). In order to appreciate the
future vulnerabilities to climate change, it is necessary to understand the
interrelationship between climatic regime and associated risks of disasters
(Ahmed, et al. 2009; Rahman 2008).

Over the next 25 years, however, with the increase in the absolute size
of the population, the per capita water availability in Bangladesh will
progressively be reduced (Ahmad, et al. 2001). However, such reduction

Figure— 1.1: Ten Key Climate Indicators of a Warming World
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in water availability will only affect the country’s huge population during
the dry season, where the current availability is already very low. Under
general climate variability, the annual per capita water availability in 2025
will become 7,670 cubic meters as against 12,162 cubic meters in 1991.
Keeping in view the poor water availability in the dry season, the per
capita available supply will be much less, while demand for irrigation and
other purposes (i.e., industrial process water, domestic & municipal water
supply etc.) will continue to rise (Ahmed 2006). In agricultural sector, the
present production activities are impeded by too much water during the
wet season and too little during the dry season. The total irrigated area is 4.4
million ha which is being presently irrigated through surface and ground
water resource. The over exploitation of subsurface water and erratic
rainfall patterns have caused significant decline in the groundwater table in
Bangladesh and thereby resulting the STWs to become non-operational in
many parts of the country during dry period. Lack of surface water during
the dry season limits the function of Low Lift Pumps (Mirza, et al. 2003;
Rahman, et al. 2007; Rahman 2011). Figure — 1.1 shows an understanding
of climate change impacts in the context of Bangladesh.

The social impacts, though generally not well-understood, are likely to be
profound and climate change will affect humans through a variety of direct
(changes in climate variables) and indirect pathways (pests and diseases;
degradation of natural resources; food price and employment risks;
displacement; conflicts, negative spirals) (Heltberg, et al. 2009b). Risks and
uncertainties, associated with the impact of climate shocks and stresses, are
typically embedded in agricultural practices in rural areas. The agriculture
sector is reportedly more vulnerable to climate variations. Therefore, it is
important to understand climatic impacts on agroecosystems and the farmer
perceptions of climate change and its implications. Climate change is likely
to have severe impacts on the food and livelihood securities, human capital
and wellbeing of the poor people because of their reliance on subsistence
agriculture in rural areas of Bangladesh. On the other hand, in urban
areas, informal settlements are mostly built illegally and without formal
planning. Limited availability of water, high child and infant mortality
rates compounded with a very high morbidity rate (malaria, tuberculosis,
diarrhea etc) are common characteristics of such informal settlements
(Dodman and Satterthwaite 2008). Climate change also has implications
for the urban poor and for rural-urban change. With climate change
negatively affecting rural livelihoods, migration from rural to urban areas is
increasingly likely to become the favored adaptation strategy of the mobile,
rural poor. This will further exacerbate the problem of people living in
urban fringe hazardous environments with potential risks of social unrest.
However, the likely impacts of climate change across sectors in Bangladesh
are represented in the Table- 1.1.
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Table— 1.1: Likely Sectoral Impacts of Climate Change in Bangladesh
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Extreme climatic events and recurrent disasters have swept the development
achievements of Bangladesh from time to time over the centuries and
imposed much havoc on the well-being and socio-economic situation of the
people. Impacts and shocks caused by natural disasters have contributed
significantly to the pauperization processes in Bangladesh. Researchers
often argue that, frequent devastation by natural disasters have been one of
the major causes for the country being so poverty stricken (Mirza 2003). It is
believed that managing disasters is a vital prerequisite for the country’s step
towards any long-term development goals. The Government of Bangladesh
has attached high importance to disaster management in pursuit to achieve
and sustain its development efforts (Mirza, et al. 2003). It is evident that
vulnerability of the country to climate change is the result of a complex
interrelationship among biophysical, social, economic and technological
factors of the country. Many anticipated adverse impacts of climate change
would in fact aggravate many of the existing stresses that already pose a
serious impediment to economic development of Bangladesh. The climate
change policy, particularly adaptation, thus becomes a part and parcel of the
development policy of the country (Ali 1999).

CHALLENGES TO SUSTAINABLE DEVELOPMENT AND CLIMATE CHANGE

Climate change threatens to undermine recent economic development in
the country. Through good macroeconomic policies and a vigorous private
sector, the country is maintaining a solid GDP growth rate 5.5 to 6 percent
annually. Bangladesh has been identified as one of the so-called next 11
countries with promising outlooks for investment and future growth. GDP
has more than tripled in real terms and food production has increased
three fold. Population growth rate has declined but the fertility rate decline
seems to have been plateaued. Therefore, with increased life expectancy
complemented by a reduced mortality rate and improvements in nutrition,
a swelling population continues to be an outstanding challenge. HDI
significantly improved and the percentage of people living below poverty
declined from 59 percent to 32 percent between 1991 and 2012. However,
more than 50 million people still live in poverty and many live in remote
or ecologically fragile places. The economy is vulnerable to external risks
such as a weak global recovery from recession, and a declining new outflow
of migrant workers. Power shortage is one of the significant internal risks.
Given this background, in Bangladesh, climate change impacts are likely to
erode the achievements of Millennium Development Goals (MDGs) and
pose threats on achieving SDGs in several ways.

Initial impression on Bangladesh’s potential to adapt to climate change may
be gained based on the readings of some key indicators. The gross secondary
and tertiary school enrollment stood at 47.5% and 4.8%, respectively, while
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the rate of literacy is 53% in 2008. A relatively low literacy rate suggests
that the public are less capable of adapting to climate change impacts, and
thus has high vulnerability. Table- 1.2 provide an overview of Bangladesh
in terms of key indices of development.

Table— 1.2: Bangladesh in Terms of Key Indices of Development

01 GDP Growth Rate 7.05% 2015-2016
02 GDP Per Capita Income 1466 US$ 2015-2016
03 Inflation Rate (Point to Point) 5.65 20152016
04 Investment Contribution to GDP ~ 29.38% 2015-2016

Public 07.60% 2015-2016

Private 21.78% 20152016
05 FDI Inflows 2235.39 Million US$ FY 2015-16
06 Export 31198.45 Million US$ FY 2015-16
07 Import 40685.00 Million US$ FY 2015-16
08 Population 1,60,578,266

Source: BIDA 2017, Bangladesh Bureau of Statistics (BBS), Bangladesh Bank (BB)

The increase in environmental and health risks due to ongoing and
future climate changes make it important to scale up interventions to
reduce household vulnerability (Heltberg, et al. 2009a). Livelihoods in
rural and urban areas are already affected by shocks that are threatening
their sustainability, with negative implications for the poor and marginal
people. People’s livelihood strategies in many areas are expected to change
significantly over the next 20 to 30 years. People dependent on agricultural
livelihoods are like to become increasingly vulnerable to even small shocks
(Cipryk 2009). Bangladesh is one of the most vulnerable countries in the
world to climate change impacts, which poses a significant risk to the
economic development of the country. The Climate Change Vulnerability
Index of 2015 suggests that Bangladesh’s economy is more at risk to climate
change than that of any other country. The economic losses due to climate
change in Bangladesh over the past 40 years are estimated to be $12 billion
depressing GDP annually by 0.5 to 1 percent.

NON-ECONOMIC LOSSES FROM CLIMATE CHANGE

Climate change is expected to bring about a wide range of affects on social,
economic and environmental systems. The total costs of climate change,
therefore, should account for: mitigation costs (+) adaptation costs (+) the
residual costs of loss and damage. The residual costs of loss and damage,
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which cannot be avoided through adaptation and mitigation, can be further
divided into: (1) Economic loss, and (2) Non-economic loss. In recent time,
however, the concept of non-economic losses (NELs) has emerged in the
context of negotiations on loss and damage under UNFCCC (Serdeczny, et
al. 2017). The UNFCCC work program on loss and damage was established
at COP 16 (decision 1/CP.16) and after that at COP 18, Parties requested
the “preparation of a technical paper on noneconomic losses” (decision 3/
CP.18, para. 10) as part of the work program on loss and damage. NELs
are losses of values that are not commonly traded in markets, e.g. loss of
life, biodiversity and cultural heritage. Assessing the NELs are challenging
mainly because of the absence of a market price. There is a logical connection
between the magnitude of adaptation cost, mitigation cost and loss and
damage. Increasing the mitigation effort (higher mitigation costs) will
reduce loss and damage and might make adaptation cheaper (Fankhauser
and Dietz 2014). In Bangladesh, non-economic losses are no less significant
than economic losses. Recognizing and managing the risk of NEL should
therefore be a central aspect of climate change policy (Fankhauser and
Dietz 2014). Non-economic losses occur in three distinct levels: private
individuals, society and the environment. NELs may be resulted from of
both slow onset impacts (e.g. the loss of territory due to sea level rise) and
extreme weather events (e.g. loss and damage in a cyclone) associated to
climate change. The NEL may be directly connected to adverse climate
change impacts (e.g. loss of ecosystems) or may also occur indirectly (e.g.
malnutrition because of impacts in the agriculture sector). The UNFCCC

Figure— 1.2: Economic and Non-Economic Losses from Climate Change Impacts
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identifies nine categories of NELs (see Figure- 1.2): life, human health,
human mobility, territory, biodiversity, ecosystem services, indigenous/
local knowledge, cultural/ social identity, and cultural heritage (Fankhauser
and Dietz 2014).

There are significant challenges for policymakers while addressing the
risks of non-economic losses. These challenges are of two-folds: (1)
value assessment of NELs, and (2) adaptation decision-making. The
first challenge is the identification and quantification of non-economic
value and its inclusion in decision-making, using the techniques of value
assessment for economic decision-making. NELs encompass both intrinsic
and instrumental values (Serdeczny, et al. 2016). While human life is mostly
considered to be of intrinsic value, the loss of indigenous knowledge or
cultural heritage has been observed to correlate with loss of social cohesion
and a decreasing resilience to climate change, implying the instrumental
value of these losses (Morrissey and Oliver-Smith 2013; Serdeczny, et al.
2017). The second challenge is related to adaptation to climate change at
large. Making good adaptation decisions will reduce the risk of economic
and non-economic losses alike, as the two are often connected. Flood
protection, for instance, would help to avoid loss related to production
interruptions (an economic loss) as well as distress and the outbreak of
disease (a non-economic loss).

CLIMATE CHANGE POLICYSCAPE IN BANGLADESH

Bangladesh has made a significant progress at policy level along with a series
of policy and institutional changes had been undertaken by the Government
in addressing the natural disasters and climate change impacts. Bangladesh
has long been active in the UNFCCC process. There has also been a series
of policy and institutional changes undertaken by the Government in
recent years influenced by transformations in ideas, knowledge, actors and
incentives (Alam, et al. 2011; Shaw, et al. 2013). These generated an increase in
political commitment for climate change, emergence of new climate change
actors in the decision-making, influenced by international climate change
politics and finance (Urry 2015). There is a widespread awareness about the
inter-relationship of climate change and development, at the national level,
which has been reflected in the new 7™ Five Year Plan (2016). The present
Government is firmly committed, expressed in their election pledge, for
an adoption of integrated policy and plan to protect the country from the
adverse effects of global warming and environmental change. It is aligned
with the national vision of becoming a middle-income country by 2021.

Policy proposals on climate change issues in Bangladesh requires significant
analysis focusing on how the choices are actually made from the large set

10
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of possible policy alternatives in the context of Bangladesh (Dietz, et al.
2007; Urwin and Jordan 2008). The policy and strategy making process in
Bangladesh suggests that most polices are driven by experts and bureaucrats,
again following a top-down process (Alam et al 2010). Climate change
policy-making involves many actors and it is a multi-faceted problem,
requiring insights from climate science, economics, social sciences, the
humanities and engineering (Leiserowitz 2006; Turnpenny, et al. 2005).
These include emitters of greenhouse gases, those who make climate change
policy and those who will be affected directly and indirectly by climate
change (McCright and Dunlap 2003; Rabe 2004). This covers organizations
from the national and international research community; national,
regional and local government; non-governmental organizations (NGOs);
multinational corporations and the huge range of local communities and
concerned citizens (Aldy, et al. 2003; Giddens 2009).

Public policy-making can be seen as a process occurring in several
domains including problem identification, policy formulation, advocacy,
implementation, and evaluation. Although these domains of activities
‘ought to’ happen sequentially, in reality many of these processes are
interactive and may occur simultaneously. In this study, data were collected
on climate change policy development processes in Bangladesh and the
Kingdon framework was made relevant to explain why things happened
the way they did (Kingdon and Thurber 1984; Sabatier 1988). At first, the
study would analyze the policy processes that tend to create particular
‘policy entrepreneurs and communities’ related to climate change issues,
that is, specific constellations of actors, activities, and influences that had
shaped climate change policies in Bangladesh. In the case of climate change,
challenges of designing research to be ‘policy-relevant’ largely remains with
the responsiveness of the scientific process to the needs of policy managers
for particular clarity or understanding lying behind scientific assessments,
projections or predictions. This book, however, highlights the relevance of
anthropological research to climate change policy-making. It suggests that
culture and community are central to the factors that mediate the interaction
among society, humans and climate.

Political economy and political ecology approaches can bring science and
policy closer to the needs of vulnerable groups. The problem, policy and
politics streams together converge into the overall policy process to open
up policy windows (Giddens 2009). These three streams are important and
decisive to the overall policy process to transform an issue from a mere
topic and/or problem into a concrete policy. In addressing a compelling
problem like climate change, the policy entrepreneurs had played key roles
in connecting the streams, and the different types of couplings between
them. The Government of Bangladesh (GoB) has taken many initiatives for
addressing climate change issues. The key policy instruments include:

11



Anthropology of Climate Change

Table— 1.3: Climate Change Policy Instruments in Bangladesh

12

Bangladesh Seventh Five Year Plan— 2016
National Perspectives Plan— 2010
Medium-Term Budgetary Framework— 2013

National Sustainable Development Strategy— 2010

Bangladesh Climate Change Strategy and Action Plan

(BCCSAP)- 2009

National Adaptation Program of Action (NAPA)— 2005

(revised in 2009)

Bangladesh Climate Change and Gender Action Plan—

2013

Country Investment Plan for Climate Change (CIPCC)—

2016

Bangladesh Climate Fiscal Framework— 2014

Climate Protection and Development Budget— 2017
Intended Nationally Determined Contributions (INDC)—

2015

Nationally Determined Contributions— 2017

National Environment Policy— 1992
National Environment Management Action Plan— 1995
Energy Efficiency and Conservation Master Plan—

2015

Renewable Energy Policy— 2008
Master Plan of Haor Areas— 2012
National Aquaculture Development Strategy and Action

Plan— 2013

National Forest Policy— 1994 (updated in 2015)
Integrated Resources Management Plans for the

Sundarbans— 2010

National Wetland Policy— 1998
National Water Policy— 1999
National Biodiversity Strategy and Action Plan— 2004

(updated in 2016)

2020
2021
2018

2020

Onward

Onward

Onward

Onward

Onward

2018

Onward

2030

Onward
Onward

Onward

Onward
Onward

2020
Onward
2020

Onward
Onward

Onward

Supportive Policy
Supportive Policy
Supportive Policy

Adaptation &
Mitigation

Adaptation &
Mitigation
Adaptation &
Mitigation
Gender Equity
Adaptation &
Mitigation
Adaptation &
Mitigation
Adaptation &
Mitigation
Adaptation &
Mitigation
Adaptation &
Mitigation

Supportive Policy
Supportive Policy

Mitigation
Mitigation
Supportive Policy
Supportive Policy
Supportive Policy
Supportive Policy

Supportive Policy
Supportive Policy

Supportive Policy

Multisectoral
Multisectoral
Multisectoral

Multisectoral

Multisectoral
Multisectoral
Cross—Sectoral
Multisectoral
Multisectoral
Multisectoral
Multisectoral

Multisectoral

Cross—Sectoral
Cross—Sectoral

Energy

Energy
Cross—Sectoral

Aquaculture
Forest
Forest

Environment
Water

Biodiversity
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Bangladesh Delta Plan— 2016 2100  Supportive Policy  Multisectoral
National Land Use Policy— 2001 Onward ~ Supportive Policy Land-Use

The Ministry of Environment and Forests (MoEF) has taken the lead in
setting policy agenda for climate change in Bangladesh, although climate
change impinges on the responsibilities of a wide range of other Ministries
and agencies. 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 Government led the development of the
Bangladesh Strategic Action Plan on climate Change (BCSSAP) which also
included low carbon energy dimensions (BCCSAP 2009). Coupled with
renewed efforts of coherent development planning, in which climate change
is now being embedded, the country is moving ahead on climate change and
is a lead player for the Least Developed Countries (LDC) internationally.
Implementation of plans and strategies on climate change has a long way
to go and there will need to be a continuing national effort at all levels and
sectors of civil society.

STRATEGIC ENVIRONMENTAL ASSESSMENT OF ADAPTATION POLICY

At present, there is no concrete commitment for mitigating climate change
through reducing GHG emissions by the major polluters, and therefore, the
hope remains on the possibility of large investments on various adaptation
plans and programs to address climate change-induced hazards. The global
developmentagencies including even the private sector insurance companies
are up for ‘climate-proofing’ of development particularly in the developing
and least-developed countries. In the context of Bangladesh, adaptation
is of high significance as recurring climate hazards undo the investments
and development efforts particularly in risky areas including coastal zone.
Research on adaptation policies can contribute to policy development by
building an understanding of barriers in policy processes, and by providing
knowledge needed throughout policy cycles (Locatelli, et al. 2017).

The environmental implications of policies, plans and programs are of
significant concerns of present time. In this context, Strategic Environmental
Impact Assessment (SEIA) or simply as Strategic Environmental
Assessment (SEA) emerged as a recent approach and method towards
understanding the changes in the environment (Ahmed and Sanchez-
Triana 2008; Alshuwaikhat 2005; Partidario 1999; Short, et al. 2013; Therivel
and Partidario 1996). SEA has therefore evolved, complementary to EIA, in
order to conduct environmental assessments of development policies, plans

13
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or programs (Alshuwaikhat 2005; Goodland 2005; Loayza and Shima 2012).
While, the primary purpose of Environmental Impact Assessment (EIA) is
to determine and evaluate the environmental implications of development,
to inform decision-making at the project level, SEA is used to make strategic
decisions at the planning, programming and policy level influencing the
nature of development (Brown and Thérivel 2000; Donnelly, et al. 2007;
Fischer 2010; Sadler and Dalal-Clayton 2012).

SEA, unlike EIA, focuses on analyzing the potential environmental
consequences of proposed policies, plans and programs, and their
alternatives (Pintér, et al. 2004; Sadler and Dalal-Clayton 2012). SEA
indicates a systematic and comprehensive process of evaluating at the earliest
possible stage the environmental effects of a policy, plan or program and its
alternatives (Fischer 2010; Loayza and Shima 2012; Therivel and Partidario
1996). SEA can be defined as “a systematic process for evaluating the
environmental consequences of proposed policy, plan or program initiatives
in order to ensure they are fully included and appropriately addressed at
the earliest appropriate stage of decision making on par with economic and
social considerations” (Sadler and Verheem 1996). More precisely, SEA is an
approach for mainstreaming and upstreaming environmental sustainability
in the decision-making hierarchy (Caple 2014; Fundingsland Tetlow and
Hanusch 2012; OECD 2006). A hierarchy exists among policies, plans and
programs with policies at the top level of conceptualization. The programs
make plans more specific by including a time schedule for specific activities.
Implementation of a program involves carrying out specific projects, which
is subjected to traditional EIA (Fundingsland Tetlow and Hanusch 2012;
Loayza and Shima 2012) .

SEA is distinguished from EIA in the sense that EIA indicates the impact
of certain development on environment, but SEA appraises the impact
of environment on development (Caple 2014; Fundingsland Tetlow and
Hanusch 2012; Runhaar and Driessen 2007). SEA lays down the macro
parameters of environmental resources within which development has to
take place in a country, region or sector. The purpose of SEA is to ensure
that environmental considerations and alternatives are addressed with
economic and social factors in policy, plan or program development. The
implementation measures associated with policies and programs cause
direct economic and social effects. According to the OECD framework, the
Figure- 1.3 shows the up-streaming environmental considerations into the
decision-making hierarchy for SEA (OECD 2006).

The scope of SEA cannot be limited to consideration of environmental
effects alone. In addition to direct and indirect environmental effects, SEA
should also consider “cumulative effects,” i.e., impact on the environment
that results when the effects of implementing the proposal are added to
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Figure— 1.3: SEA: Up-Streaming Environmental Considerations into Policy-Making

Policy: A general course of action or .
proposed overall direction that a Policy
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activities that elaborate and ASSESSMENT

implement policy.
Source: Sadler and Verheem (1996).
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(Source: Modified and adapted from OECD 2006,

analogous effects of other past, present and reasonable foreseeable future
actions. Cumulative impacts are important because impacts of individual
projects may be minor when considered in isolation, but significant when
the projects are viewed collectively (Stoeglehner, et al. 2009; Wallington,
et al. 2007). SEA allows for the systematic consideration of cumulative
and wider environmental effects. There is often a lack of correspondence
between the temporal and spatial scale of cumulative effects and the narrow
scope of project-level EIA (Abaza, et al. 2004). SEA can conducted to
identify potential environmental problems early so that decision-makers
can filter out environmentally damaging projects that might otherwise be
the source of costly and protracted delays and controversy (Ahmed and
Sanchez-Triana 2008; Buckley 2000; Geneletti 2011; L’Europe, et al. 2014).

The application of strategic environmental assessment (SEA) for identifying
and evaluating potential impacts of policies, plans and programs (PPPs)
and promoting more sustainable patterns of development (Fundingsland
Tetlow and Hanusch 2012; Stinchcombe and Gibson 2001). The present
research applies the SEA concepts and methods to explore the likely impacts
of adaptation policies of Bangladesh. Climate change-induced hazards are
not linear, and variability are often erratic and not often predictable (Hulme
2009). The available scientific knowledge suggests that climate is changing
by human activities, but the extent and magnitude are still based on probable
assumptions, guesses and scenarios. As climate system is the very foundation
oflife in this planet, and if we had already brought irreversible changes, then
human existence would be at real stake (Beck 2010). Moreover, Bangladesh
is a disaster—prone country, mainly because of its geographical location, as
being the lowest riparian of the Ganges, Brahmaputra and Meghna basin.
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Floodplains occupy 80% of the country. Mean elevations range from less
than 1 meter on tidal floodplains, 1 to 3 meters on the main river and
estuarine floodplains, and up to 6 meters in the Sylhet basin in the north-
east (Rashid 1991). Only in the extreme northwest are elevations greater
than 30 meters above the mean sea level. The northeast and southeast
portions of the country are hilly, with some tertiary hills over 1000 meters
above mean sea level (Hugq, et al. 1999). In recent years, climate change
impacts have increased the frequency and magnitude of climate disasters,
not only in Bangladesh, but also across the globe (Beck 2009). Therefore,
we need to have appropriate and effective adaptation policies in place to
manage and reduce climate risks in the context of Bangladesh. This book is
an outcome of a SEA study, which has immediate relevance to the evolving
climate change policyscape in Bangladesh.

SCOPE OF THE BOOK

The scope of the book is to examine the likely impact of the adaptation
options that are likely to be implemented at different regions of Bangladesh
through various national and international adaptation funds. The impact
assessment critically examined how these selected adaptation options would
likely affect physical and biological environment, as well as the economic
and social aspects that local communities are dependent on. The book
attempted to explore adaptation and adaptive capacity from capability, Sen’s
sense of the term, perspective. According to Sen, capabilities reflect various
‘functionings’ a person can potentially achieve and require the access to
‘freedoms’- political freedom, economic facilities, social opportunities,
transparency guarantees, and protective security (Sen 1992; Sen 1993; Sen
2001; Sen 2005; Sen 1990). However, the present book assesses adaptation
options and policies by addressing the following issues:

Firstly, assesses the current vulnerability of livelihood to existing climate
change and/or climate variability. This also includes the efficacy assessment
of coping mechanisms in the face of current climate variability risks.
Second, analyzes the future climate risks by assessing the vulnerability and
capacity of the community to respond to developing climate change risks.
Third, develops inventory of existing adaptation options and identify the
magnitude of barriers (institutional, policy, technological, financial, etc)
to climate change adaptation. Fourth, analyzes likely impact(s) of existing
adaptation options on the biophysical and social environment and on
the livelihoods of the poor and marginalized people. Fifth, assesses the
sustainability of the adaptation process and policies by exploring the ability,
capacity and willingness of the community to sustain and continue the
adaptation interventions. Finally, recommend national and regional level
scaling-up of selected climate change adaptation options.
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METHODOLOGY AND STUDY DESIGN
Approach and Design

The book is based on empirical research conducted over a period of one
year during 2015 and 2016. This study is based on both quantitative and
qualitative frame of analysis, with both secondary and primary data and
information. The published literature, both in print and electronic media
that could be made available formed the secondary sources of information.
The adaptation options were captured from the field through participatory
process. Thelocal communities of the research area, who arelong experienced
in autonomous adaptation, were the primary actors in the design of the
project. The project identified vulnerabilities based on appropriate indicators
used internationally (Downing et.al, 2001; Adger, 1998) and nationally. The
research design and implementation methodology were participatory and
community based. Using a range of quantitative (questionnaire survey and
structured interview), and qualitative methods (key informants interview,
FGD, village transect, social mapping, hazard mapping, etc.). However,
specific methodologies planned for specific strategic aspects of the project
are described below.

The strategic environmental assessment (SEA) approach aims at being
systematic, analytical and practical. The following methodological steps has
been followed to create a logical structure and provide guidance in clarifying
the complex issues involved. The following methodological outline has been
followed to create a logical structure and provide guidance in clarifying the
complex issues involved (please see Figure— 1.4). The major information
areas and corresponding methodological steps are discussed below.

Geographic Coverage

The research has been conducted in four upazilas, located in different
ecological regions and representing major climate sensitivities, of
Bangladesh. Assasuni upazila of Satkhira district, Chakaria upazila of Cox’s
Bazar district, Tarash upazila of Sirajgon;j district and Porsha upazila of
Naogaon district have been selected for this study for their geo—physical
locations, relatively higher vulnerability to cyclone, salinity, flood, riverbank
erosion, drought and other climatic variabilities.

Collection of Data

The tools used for primary data collection is transect walk in the study
areas, participant observation, key informant interviews and focused group
discussion. Experts’ opinion were also used for triangulation of data collected.
The study has followed six steps: (1) developing inventory of adaptation
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Figure— 1.4: Methodological Scheme and Dependencies of Components of this Study
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options; (2) developing climate change-induced impact scenario based on
updated scientific knowledge and prediction; (3) participant observation
of the study area people and infrastructure. All the livelihood and social
groups were included in the observation and focused group discussion; (4)
developing a synthesis of overall findings from the field by adding expert
judgments; (5) organize workshops to share the findings of the study, and
(6) finalize and present the research findings.

Literature Review: A desktop study in the form of conducting a literature

review was done as an additional method to achieve the aim of the

research. Literature that is relevant to the study enables the researcher to
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understand the context of study problems. Searches were made through
the university database system and Internet to locate and identify the
most relevant texts, including online articles, journals, books, websites and
other published reports relevant to the study problem and objectives. The
process also helped in contextualize and compare the research issues with
other regions. Furthermore, conducting a literature review allows a way
for the findings made in the study to either be supported or opposed by
alternative explanations. Concurrently done with the literature review was
also identifying theory used in past studies as a means to understanding
the basis for the study and accordingly, as a building block of creating a
theoretical foundation for this book.

Sampling and Survey: A total number of 1440 households have been
interviewed during the household survey. In the household survey household
income, expenditure, food security, household assets and awareness of
existence of disaster management committee were assessed in order to
apprehend the capacity of the local people to withhold the effects of climate
change induced disasters. In every upazila, 360 household interviews were
conducted. Every upazila depending on the number of unions were divided
in 12 clusters and from every cluster, 30 households were interviewed. The
household survey was conducted using a structured questionnaire, which
were pre-tested before the actual survey and data collection. Detailed
distribution of samples is depicted in Appendix - 01 (please see for details).

Ethnographic Observation: Ethnographic fieldwork, based on extended
periods of residence and research at a community level, has been
anthropology’s dominant approach to capture the elusive domains of
cultural meaning and practice. Anthropology’s emphasis on fieldwork
and participant observation stems from the recognition that engaging in
daily life and social relationships provides a contextual understanding of
cultural realities that cannot be captured by structured survey methods
alone (Atkinson and Hammersley 1994; DeWalt, et al. 2002; Guest, et al.
2012; Jorgensen 1989; Schensul, et al. 1999; Spradley 2016). Ethnographic
interviews and participant observation provide important entry points
into ways which reveal the phenomena that people use as evidence that the
surrounding climate is changing.

Ethnographic interviews had been conducted for collecting research data.
The ethnographic interviews allowed to the interviewees to carry on a
flexible dialogue with the researcher while also offering strategic advantages
for data gathering. Because interviews were conducted in Bangla with
Bangla speaking person, employing this style of interview allowed data to be
gathered in a more robust way. An interview guide was created to assist the
researcher in organizing three main themes to be covered in the interview
with suggested questions to ask during the actual event that correlate to the
research goals. This proved useful during initial contact with sources and

19



Anthropology of Climate Change

preparation leading up to the interview, as the themes were provided to
the interviewees as context for the conservations. However, it is important
to note that these themes did not lead the interviewee to any specific
answer or bias the individual into providing a specific outcome that would
compromise the quality of the data to be gathered. The researcher took both
notes and audio recordings during the interview, with prior consent by the
interviewees, to provide a means ensure accurately and validate findings
in the interview (please see appendix for detail schedule of ethnographic
interviews in different field locale).

Key Informants Interview: Key informants were brought together to
uncover information on problems, hazards, perceptions, feelings, opinions
and thoughts. Reflective, interpretative and decisional questions were
structured and used depending on the research objectives and questions
set. To avoid missing important information, exercises were supplemented
with checklist questionnaires and semi-structured interviews. 16 KIIs were
conducted in each of the study area. Key informants included government
officials at upazila level, imam of local mosques; madrasa representatives;
union parishad representatives; upazila parishad representatives, beneficiary
group members, schoolteachers, staffs of the NGOs (local, national and
international) operating at the local level.

Case Study Method: The research questions and objectives developed for
the study indicates important first steps as to what is the most appropriate
and effective research method to use. Classifying the type of research
questions formulated, and in turn, giving the research itself substance and
shape, allows the selection among various methods to be defined more
specifically. It is important to note that the selected research methods for a
study to answer the questions each provide advantages and disadvantages
in their use. The types of research questions developed pursue specific study
goals that inherently provide rationale for using specific research methods.
In this instance, for this study, the chosen research method is case study to
utilize an exploratory and explanatory function.

Focus Group Discussions: A Group Discussion involves a free exchange
of thoughts and ideas among members of the small group. The group
discussions, for this study, were quite informal and not conditioned by
such procedural rules as in the case of a formal group discussion. This
technique was used to identify and verify the socio—economic condition of
vulnerable people, their feelings and condition during disaster, their present
condition, the role of different stakeholder to reduce their vulnerability.
The multicriterion assessment of different adaptation options, discussed
at length in chapter eight, are also based on these group discussions. The
present research involves several FGDs with different stakeholder including
livelihoods groups, bazar committee, excluded social groups, women, and
cross section groups of people.

20



Introduction

Participatory Learning Workshop: Participatory learning workshop is a
kind of technique where the participants learn lot about a particular thing
through discussion. The present study involves four types of PLW in each
study area consist of vulnerable group including their family members,
disaster management personnel’s, cross sectional group and the role of
different stakeholder to reduce their vulnerability and probable future
solutions about it.

Social and Hazard Mappings: Social mapping is a visual method of showing
the relative location of households and the distribution of different people
together with the social structure, groups and organizations of an area.
Along with social maps, hazard calendar, livelihood calendar, adaptation
matrix were also collected from the field to understand the social and hazard
situation of regions. During the field nine different maps and matrix were
prepared (please see appendix for details).

Analysis of Data

Climate Risk Assessment: Climate Risk Assessment has established itself as
an essential tool for the management of climate risk. An issue for climate risk
assessment is the lack of an easily defined measure of what constitutes harm
to the environment. In some cases, definitions of environmental damage are
laid down in statute, but in others, appropriate criteria needs to be selected
based on scientific and social judgments. A comprehensive treatment of the
basic principles of climate risk assessment and management is represented
in the Figure- 1.5 (see IPCC 2014).

GIS Mapping: For data collection and storing, an online platform was
created. Enumerators in the field conducted interviews with digital tabs to
transfer the data to the online server as soon as the interview was finished.
The digital version of the survey questionnaire was programed for error
and logical checking, thus, missing data was minimal. Uploaded data
were crosschecked and stored in the online server. When data collection
was completed, all the stored data were exported to SPSS for analysis and
reporting. Besides, GPS was collected for all the household locations of the
interviewees. Thus, created a provision for rechecking of data as well as
ensured that the sampling procedures were maintained. Further, GPS was
also used in identifying all the vulnerable locations of research areas. Thus,
digital mapping of physical vulnerability of the areas was made possible.

Vulnerability Analysis: Assesses the impacts of a planned activity or
different development scenarios on the vulnerability of an area. Vulnerability
maps are produced showing degree of vulnerability for selected targets (e.g.
people, landscape). These are overlaid and “weighted” (using GIS and multi—
criteria analysis) to indicate areas of high vulnerability and then related to
expected levels of impact associated with different development options-
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Figure— 1.5: Assessing Risks of Climate Change Impacts
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revealing the locations of negative impacts regarding different targets, and
the alternatives with the least impacts.

Stakeholder Analysis: Incorporates economics, game and decision theory,
and environmental sciences. Current models apply a variety of tools on
both qualitative and quantitative data to understand stakeholders, their
positions, influence with other groups, and their interest in a particular
adaptation option. In addition, it provides an idea of the impact of the
PPP on political and social forces, illuminates the divergent viewpoints
towards proposed PPPs and the potential power struggles among groups
and individuals, and helps identify potential strategies for negotiating with
opposing stakeholders.

Validation and Reliability

The validation process for the data gathering was ensured through an
iterative process that is implemented at multiple points in time during
the study. Ethical considerations were made during the initial outreach
that informed about the intention of the interview and how the data was
to be used. Permission was granted prior to conducting the interview for
it to be recorded with opportunities to have follow—up communication
post-interview to clarify answers, if necessary. Validation of data occurred
during the interview where any potential misunderstandings received by
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the researcher were expressed, and subsequently, requested clarification to
ensure the answer was captured as it was intended. Repeating answers given
by the interviewee and rephrasing questions that covers the same matter
but from different perspectives were also ways to validate data during the
interview. The researchers continuously reviewed the responses to ensure
they were not interpreted, rather captured as they were exactly intended.
These steps were followed and repeated for all interviews to ensure
communication of intentions and consistency in the study. Finally, after the
interview, the recording was reviewed along with notes taken to ensure the
answers were reliable with minimal error and biases made.

The research involved a monitoring system to improve the quality and
relevance of findings and review the impacts of activities, and on-site
inspections were conducted based on performance indicators during the
study. The research team emphasized the need of achieving and maintaining
the highest level of quality possible throughout the study. All collected,
accepted and analyzed data in this research undergone specific quality
control assessment. Atlarge, the data accepted for processing passed through
extensive screening process for quality assurance based on interpretive and
diagnostic analysis on the following criteria, e.g. (1) Precision, (2) Accuracy,
(3) Representativeness, (4) Completeness and (5) Comparability. All data
were critically assessed during and after the collection process to ensure the
quality of the data. These assessments include independent performance
audits, data processing audits as well as external review of the tools and
templates to be used to collect the data.
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Chapter Two

HISTORY OF ADAPTATION STUDIES

Adaptation to environmental conditions has been a focus of anthropology
since the early 1900s. The use of the term adaptation in the context of human
induced climate change has begun in the 1990s although scholars did not
explicitly relating this back to the conceptual origins in anthropology.
Adaptation is the core concept of any ecological studies in anthropology. It
is not even a new idea and its scope is not limited to climate change studies.
Human adaptation studies begun long ago when the earlier scholars wanted
to understand the differences between various human populations and
explain human variability. Herodotus (484- 425 B.C.), explains human
variability as a result of adaptation to different environments and considers
culture as a modifier (Bianchi 2016; Clay 1850 reprint). Similar explanatory
ideas of adaptation came from Hippocrates (c. 460- 377 B.C.) while
discussing the influence of the environment on health and temperament
he suggests that human body can only be understood with its relationship
to the environment and behavior (Alessi 2015; Karagiannis 2014). Aristotle
(384- 322 B.C.) also argues for environmental causes of variation by
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explaining the woolly hair of Ethiopians (Africans) due to harsh and arid
climate, and the straight hair of Thracians and Scythians due to moist air
(Thompson 1910). Since then, Andreas Vesalius (1514-1564), Comte de
Buffon (1707- 1788), Friedrich Blumenbach (1752- 1840), Chevalier de
Lamarck (1744~ 1829), Samuel Smith (1751- 1819), Carl Bergmann (1814-
1865), Charles Darwin (1809- 1882) and many other scholars have made
significant contribution to the study of man-environment interaction and
human adaptation (Blumenbach, et al. 1865; Darwin 2009; Krieger 2005;
Lamarck 1809; Smith 1810).

Scholars from a wide range of disciplines have been trying, for a long time,
to understand the relationship between ecological and social systems.
Glacken has extensively reviewed the Western conceptualization of the
relationship between environment and society up to the 18" century
(Glacken 1967). According to him, Western thought has oscillated between
positions in which environment and society were treated separately as
distinct entities (Davidson-Hunt and Berkes 2000). Karl Marx, in the 19th
century, approached the relationship between environment and society as
complementary processes and emphasized the opposition between both
environment and society and between individual and society (Ingold 1980;
Wolf 2010). During the 20th century, the relationship between environment
and society has been explored in many disciplines, for instance, human
ecology (Park 1936), cultural ecology (Steward 1972 [1955]), ecological
anthropology (Bateson 1972; Bateson 1979; Netting 1974; Netting 1986;
Vayda and McCay 1975; Vayda and Rappaport 1968a; White 1960),
population ecology (Ehrlich 1968), human geography (Sauer Carl 1956),
environmental history (Cronon 1983; Donald 1977; Worster 1988),
ethnoecology (Conklin 1957; Nazarea 2006 [1998]; Toledo 1992), political
ecology (Escobar 1996; Greenberg and Park 1994; Watts and Peet 1996),
deep ecology (Naess 1973; Naess 1984) and so on. However, discussion
on the environment and society relationship often cut across disciplinary
boundaries and calls for much theoretical debates.

There is an emerging body of literature that recognizes that the ecological
systems are characterized by multiliear-linear processes achieving multiple
equilibria, instead of stability, (Berkes, et al. 2000; Davidson-Hunt and Berkes
2000; Keesing 1999; Scoones 1999; Vayda and McCay 1975; Zimmerer
1994; Zimmerer and Young 1998) and emphasizes the role of institutions
in linking social systems and ecosystems (Berkes, et al. 2000). Exploitation
of environmental resources advocate the relevance of understanding both
economies and ‘ecologies of scale’ (Gardner 1997), both spatial and temporal,
linking social and ecological systems is a cross—scale problem (Holling, et al.
1998). Reflecting on this broader area of scholarship, one point of departure
is the idea of adaptation, which offers an important perspective to think
about the interactions between environment and society.
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ANTHROPOLOGY, CULTURAL ECOLOGY AND ADAPTATION

The tension between ‘anthropogeography’ and ‘historical possibilism’, two
contesting grand theoretical traditions, according to both Geertz and Moran
(Geertz 1963; Moran 1979), has led to the emergence of cultural ecology and
ecological anthropology. Anthropogeography, a variant of environmental
determinism developed by Friedrich Ratzel in the late 1800s, proposes that
the environment is the causal agent for the behavior of social systems. The
propositions of this tradition, according to Moran (1979), consider habitat
as primary in bringing about cultural diversity, while similarities between
cultural groups are explained as occurring due to the diffusion of traits by
migrating groups and the territorial competition between migrating groups
results in human cultural evolution. It is further assumed that human beings
are limited by their habitat in their range of response options, and human
culture is shaped by environmental conditions.

Franz Boas, the American anthropologist during early 1900’s, developed the
historical possibilism as a perspective to explain the interactions between
humansand theenvironment. Historical possibilism suggests the possibilities
for humans are circumscribed by nature, while historical and cultural factors
explain the actually chosen possibility among other alternatives (Moran
1979). According to Boas, cultural decisions are taken to decide which part
of the nature to be exploited for human survival and these culturally made
decisions are responsible for defining the trajectory of human societies and
cultural change. Historical possibilism, thereby refuting environmental
determinism, suggests that the culture is the foundation of human
adaptation. In Boas’s view, many different cultural traits can be nurtured
within similar biophysical environments and therefore, differences between
human groups can be explained in terms of cultural possibilities but not
geographical limitations. Boas explained shared and similar cultural traits
by diffusion from one culture area to another. This perspective, however,
made the idea of culture as a ‘superorganic’ entity, which subordinated
individual humans to its patterns. This line of reasoning have turned culture
as the causal agent, rather than environment, while change emerged from
historical and cultural forces, while the environment sets the screen where
these forces are being played out (Davidson-Hunt and Berkes 2000).

Julian Steward’s cultural ecology evolved out of the debate between these
two opposing theoretical positions and explored the adaptive relationship
between society and nature from an evolutionary perspective (Steward 1955).
According to Frake, cultural ecology studies the role of culture as a dynamic
component of any ecosystem of which man is a part (Frake 1962). Man carves
his ecological niches primarily with cultural tools and he constantly devises
new tools for carving out progressively effective places in the surrounding
ecosystem. Therefore, the study of cultural ecology is the progressive
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cultural adaptation and specialization to environmental conditions. Instead
of focusing only on the stages of cultural development, Steward primarily
concentrated on the causes of cultural change by developing a methodology
for determining the cross—cultural regularities of form, function and
process. He framed cultural ecology largely as a methodology for building
evolutionary theory (Steward 1955: 30-42). The idea of ‘cultural core” is
also made relevant for cross—cultural comparisons by methodologically
assuming that “certain basic types of culture may develop in similar ways
under similar conditions but that few concrete aspects of culture will appear
among all groups of mankind in regular sequence” (Steward 1955: 4). The
basis of Steward’s evolutionary theory is ‘multilinear evolution’ which he
developed by focusing on empirical features, rather than deductive and
universal theories. The understanding of the relationship between cultural
change and the environment has been significantly reframed in Steward’s
cultural ecology. His emphasis on empirical cases is important for finding
the similarities in cultural features across societies to theorize the processes.
He also recognizes that human perception of the environment plays a
role in the man-environment relationship and adaptation. Therefore, the
application of the term adaptation to social systems can be traced back to
the ideas of Julian Steward.

Apart from the theoretical positions of environmental determinism and
historical possibilism and their respective emphasis on either nature or
culture, Steward, in his seminar study, focused on causal connections
between natural environmental conditions, subsistence and the social
structures of a population or society (Steward 1955). Social, economic
and political structures of different societies under similar environmental
conditions exhibits comparable features and similar causal connections.
Therefore, the ontological premise of Cultural Ecology always intends
to explore regularities and common grounds in human behavior, social
structure and belief systems, which would develop as responses to certain
environmental conditions. The method of Cultural Ecology is culture-
comparative in time and space and designed to search for generalizations
in the function and emergence of human behavior. The patterns of food
acquisition, under certain ecological conditions, constitute the immediate
connections between environment and behavior.

The underlying mechanisms leading to the development of such behavior
were believed to represent a human universal, whose impetus would
arise from the necessity to use the naturally available resources, such
as food. According to Cultural Ecology, social institutions possess an
internal functional connection, e.g. as certain modes of production occur

1 “Cultural core” is defined as the “recurrent constellations of basic features ... which have
similar functional interrelationships resulting from local ecological adaptations and similar
levels of sociocultural integration” (Steward 1955: 6).

30




Culture, Climate Change and Adaptation

in combination with certain modes of social and political organization
or the division of labor in a society. On this condition, the effect of one
variable on a limited number of further variables can be examined within
the system, rather than having to examine the much more complex system
of social organization in its entirety. Cultural Ecology differs from classic
functionalism (e.g. Malinowski 1960), emphasizing diachronic comparison,
in that it puts an emphasis on the investigation of change and its causes and
less so on the question of mechanisms by which equilibrium states can be
maintained or basic and derived needs be met.

Central aspects of the culture—ecological approach refer to the question
whether specific behavioral responses are necessary for the adaptation of
human populations to their environmental conditions, or whether a broad
behavioral repertoire would suffice, i.e. whether adaptation occurred through
specialization or generalization of abilities. In this context, adaptation would
be understood as the ability to find ever better solutions for the alternative
possibilities of habitat use. The method chosen to examine these questions
primarily aimsatinvestigating the relationship between the environment and
the subsistence system practiced. Subsequently, those behavioral patterns
were analyzed which were connected with a certain subsistence technology,
in order to eventually be able to study the effects of the respective behavior
patterns on other aspects of culture in the population. Thus Cultural Ecology
attempted to support the basic assumption that there is a causal relationship
between natural resources, subsistence technology and those behaviors in a
population that facilitate the use of resources at a given level of technological
development (Moran 2000): 48). Yet the environment would only affect
certain elements of culture, the so-called culture core, while other elements
would develop in the course of an autonomous culture history (Orlove 1980).
Steward’s (1955) term of the culture core comprises all those social, political
and religious behavior patterns, which can be empirically determined and
associated with subsistence activities and economic operational sequences.
The aim of Cultural Ecology is the investigation of adaptive processes,
which, under comparable environmental conditions, bring about cross—
cultural regularities. Hence, principles of cause and effect between culture,
technology and environment were implied which consequently led to the
formulation of a deterministic model of intrinsic cultural development
(Steward 1949). It was based on the idea that certain regular transitional
culture stages would appear in the process of the evolution of human social
structures, the sequence of which could be regarded as a universal model.

The principles of Stewardian Cultural Ecology has been applied to deal
with the functional connections of subsistence and characteristics of
social organization as well as to confirm evidence of such intercultural
commonalities. Apart from investigating into the behavioral connections
with human subsistence, Cultural Ecology also explores the effect of resource
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change, population dynamics or the influences of other cultures on the
cultural evolution of a certain population (Baker 1988b). Cultural ecology
have developed an approach that would enable an explanation of origins of
cultural characteristics and that the occurrence of certain types of resources,
typical subsistence modes and behavior traits are covariant, i.e. functionally
interconnected, and furthermore that the same correlations occur in
different regions and historical times. Yet this does not necessarily mean
that characteristic culture traits are always caused by certain environmental
conditions (Hardesty 1977).

Leslie White, another proponent of Cultural Ecology developed a different
approach than that of Steward, emphasizes on the use of energy as the
determinant of cultural evolution (White 1943). White aimed at a linear and
mono-causal explanation for cultural evolution where both the efficiency of
energy utilization and the application of certain technological achievements
was seen as the prime driver of cultural evolution. This is in contrast to the
classic Stewardian view, which would permit different causes to bring about
different lines of cultural development (Orlove 1980).

ECOSYSTEM ANTHROPOLOGY AND HUMAN ADAPTABILITY

Ecological Anthropology adopted the principles of general ecology
following from the work of Leslie White. Critiques of Steward’s cultural
ecology paradigm, focused on environment-culture-behavior nexus,
led anthropologists towards a more biologically oriented ecological
anthropology that regards humans as parts of the ecosystem, and examines
human adaptability in terms of physiological, biological and behavioral
reactions arising from interactions with environmental conditions. This
perspective analyses culture characteristics by applying the principles of
biological ecology (Geertz 1963; Vayda 1976; Vayda and McCay 1975;
Vayda and Rappaport 1968b). Geertz (1963) first argued for the usefulness
of the ecosystem as a unit of analysis by stating that systems theory provided
a broad framework, essentially qualitative and descriptive, that emphasized
the internal dynamics of such systems and how they develop and change
(Geertz 1963). Barth, even before that in 1956, applied the concept of the
“niche” to explain the ecologic relationships of adjacent groups and the
maintenance of ethnic boundaries (Barth 1956). The methods of ecological
anthropology incorporated core biological issues such as population or
ecosystem and explored the functional role of different organisms in
shaping environmental conditions and, in particular, the interaction with
other human groups. According to Orlove ecological anthropology is the
“study of the relations among population dynamics, social organization,
and culture of human populations and the environments in which they live.
It includes comparative research as well as analyses of specific populations
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from both synchronic and diachronic perspectives.” (Orlove 1980: 235).
He goes on to suggest that ecological anthropology provides a materialist
examination of the range of human activity and thus bears an affinity to
other materialistic approaches in the social, natural and biological sciences
(Orlove 1980).

Humans like other organisms interact with their environment in different
intensities and at different levels. The idea of ecosystem explains the relations
between groups of organisms, and organisms and the environment acting
at these different levels of integration. According to Odum, ecosystem is
a self-contained entity which, in a given area, encompasses all organisms
interacting with the physical and chemical environment, so that there
is diversity of biological relations and material cycles, and energy flow
that create clearly defined food chains (Begon, et al. 1986; Odum 1983 cf.
Schutkowski 2006). An ecosystem is composed of a set of components,
biotic and abiotic, which are connected through structuring principles
within the system. Accordingly, ecosystems are characterized by the spatial
and temporal distribution patterns of their components, by the transport
of material (flow of matter) and utilization of energy (energy flow), by the
exchanging and passing-on of information (information flow) and by the
properties of change and evolution (Schutkowski 2006). The key ecological
categories are units of space, time, matter, information and energy.

Holism is the ontology of systemic approach in ecological anthropology and
assumes that the components and elements of the ecosystem are intimately
interconnected and that they represent certain conditions and degrees of
organization whose development can be adjusted by feedback mechanisms.
Explaining and understanding the variability of human reactions to given
environmental conditions would thus have to consider the interrelation
between the realms of cultural, biotic and abiotic factors within the system
or habitat. The idea of homeostasis is also applied to understand to self-
regulating properties of the ecosystem, which fostered the much-celebrated
work on the Tsembaga of highland New Guinea by Rappaport in 1968.
Rappaport (1968) explored the Tsembaga society that had established a
culture trait of self-adjusting homeostatic mechanism through the cyclical
nature of certain feast ceremonies (Rappaport 1968). The Tsembaga people,
during these celebrations, slaughter the growing pig population as part of
their ritual and thus maintain a balance within the ecosystem by reducing
the overexploitation of natural resources. According to this perspective,
systemic correlates of homoeostasis refers to the maintenance of general
ecosystem properties, which corresponds to the idea of resilience.

The human ecosystems are considered open and characterized by positive
feedback, non-linear oscillating processes and intentional intervention.
Homoeostasis and dynamic equilibrium are not equivalent to the absence
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or the impossibility of change. Homoeostasis or dynamic equilibrium
requires the constant adjustment of parts within the system or complete
structures. Systems therefore possess low-level mechanisms, which aim at
the maintenance of stability, and other mechanisms which have an effect at
a higher general level and which maintain the system as a whole. In order to
be able to follow and analyze such processes, ecological anthropology is thus
explicitly oriented towards a diachronic method with an emphasis on the
study of change, in order to identify adaptation as a process (Orlove 1980).
Although the application of an ecosystem perspective to human populations
provides relevant insights into the complex situations of local populations at
the micro level, but many scholars have argued its validity in explaining the
overall context of human behavior and human adaptability (Schutkowski
2006). However, individual decisions and strategies are being increasingly
included in ecological studies as, when aggregated, having effects on the
population at the macro level (Barth 1981; Moran 2000; Moran 2016).

Human adaptability approach is concerned with the macro level influence
of the natural and cultural environments on the biological characteristics
of human populations based on the ontological assumption that humans
are a product of natural evolution and in their genetic make-up would
reflect the outcome of adaptations to their respective environments.
According to this approach, adaptation is understood as any kind of
biological reaction which reduces environmental stress and/ or increases
resilience against the stressor, which might take the form of population-
specific genetic characteristics, physiological acclimatization and learned
behaviors (Baker 1988a; Schutkowski 2006). However, in this approach, the
concept of environment is not limited to the natural conditions only rather
the meaning of environment also embraces the cultural, social, political
and economic reality of humans (Schutkowski 2006). Human adaptation,
therefore from an anthropological perspective, means man-environment
relations including all human requirements encompassing all of the
environmental conditions, together with social milieu that are necessary
for the viable maintenance and the amount of different resources that it
requires. Adaptation is a process through which, “human population with
all its collective and statistical social features, and a set of cultural ideas in
terms of which these people try to understand and cope with themselves
and their habitat” (Barth 1987).

ANTHROPOLOGY AND ADAPTATION TO CLIMATE CHANGE

Anthropology has long been studying humans in the face of an uncertain
future when they are attempting to cope with and adapt to climate. Human
societies have always tried to predict the climate based on their previous
experiences. However, recent studies of climate change suggest that the
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past performance of the climate is becoming a less reliable predictor of
future performance. The frequency, variability, seasonal patterns and
characteristics of climate events and phenomena will change in future.
Phenomena once unknown to a particular region could become regular
features of its future climate (IPCC 2014). An important consequence of
climate change for adaptation is that the future climate will be less familiar
and in key respects more uncertain. However, some climate parameters
will follow the predictable trends, with a very high degree of confidence,
while some climate parameters, e.g. average precipitation, will vary from
decreases to increases depending on location and season, and the confidence
in predictions of precipitation trends is less than for temperature trends.
The projected trends in temperature, precipitation and extremes will push
future climate variations and extremes beyond the bounds of what people
and places have been exposed to and had to cope with in the past (Leary
2013; Leary, et al. 2008). Therefore, uncertainty in detecting and predicting
climate change trends is an important barrier to climate change adaptation
policy and actions.

Exposure and uncertainty, the two essential components of climate risk,
decisively play role in determining our adaptive response to climatic
variability. The ways people understand risk has important theoretical and
social implications in understanding how risk based decisions are made.
People’s understanding of risk-based decision-making is underpinned
by human behavioral and social psychological aspects. Perception of
climate risk has a cognitive dimension (Sjoberg 1996). According to this
cognitive approach, risk is understood as a function of general properties
of the risk object (Sjoberg 1996). Studies of risk perception have identified
two important dimensions for the subjective risk judgment (Fischhoft, et
al. 1984a; Fischhoff, et al. 1984b; Slovic 1987; Slovic, et al. 1985; Vlek and
Stallen 1981). These dimensions summarize a large number of individual
determinants of perceived risk. However, in the context of climate risk, they
may be described as: (a) the degree to which the climate risk is unknown
and (b) the degree to which the climate risk evokes a feeling of dread or fear.
The former represents cognitive aspects of concern and expresses aversion
to uncertainty, whereas the latter captures a risk’s ability to evoke an
instinctive response. Adaptive response to climate risk can be understood
from both individualist and contextualist perspectives. The individualist
paradigm suggests that people’s adaptive response to climate risk depends
on the knowledge and information they have as well as by personality type
because personality defines whether a person is risk averse or a risk taker
(Wildavsky and Dake 1990). The contextualist perspective, however, begins
with the social structure, institutional form, or cultural elements (Douglas
1992; Kasperson and Kasperson 1996; Otway and Wynne 1989; Palmlund
1992; Rayner 1992; Tansey and O’Riordan 1999).
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The recent literature on climate change defines adaptation as adjustments
in ecological, social or economic systems in response to actual or expected
climatic stimuli and their effects (IPCC 2001b; Smit and Pilifosova 2003).
The IPCC defines climate change adaptation as “adjustments in natural
or human systems in response to actual or expected climatic stimuli or
their effects, which moderate harm or exploit beneficial opportunities”
(IPCC 2001a). However, there are other definitions as well and are often
used, for examples: adaptation (Smit, et al. 2000) (1) ‘is a process by which
strategies to moderate, cope with and take advantage of the consequences
of climatic events are enhanced, developed and implemented’; (2) ‘is the
process through which people reduce the adverse effects of climate on their
health and wellXbeing, and take advantage of the opportunities that their
climatic environment provides’ (Burton 1992); (3) ‘involves adjustments
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); (4) ‘means any
adjustment, whether passive, reactive or anticipatory, that is proposed as
a means for ameliorating the anticipated adverse consequences associated
with climate change’ (Stakhiv 1993; Stakhiv 1996). Slight differences exist
among these definitions but they understand adaptation to climate change
as a process that includes learning about risks, evaluating response options,
creating the conditions that enable adaptation, mobilizing resources,
implementing adaptations and revising choices with new learning.

Adaptation is adjusting to address ongoing and future climate changes.
There is a substantial difference in adaptation approaches, depending
on whether adjustments are made to actual, or expected, stimuli (Raiser
2014). According to the top-down approach, adaptation depends on the
“projections of future emission trends, moving on to the development
of climate scenarios, and thence to biophysical impact studies and the
identification of adaptive options” (Kelly and Adger 2000: 326). On the
other hand, the bottom-up approach to adaptation is focused primarily
on the notion of vulnerability. The vulnerability approach assumes that if
one can address actual vulnerability today, one inevitably reduces future
(expected) vulnerability (Burton, et al. 2002). Vulnerability is generated by
multiple factors (e.g. wealth, health and educational status, social equity,
food reliability etc.) and processes in the social and ecological systems
(Brooks, et al. 2005; O’Brien, et al. 2007: 75). The bottom-up is an integrative
perspective, where the approach is centered on the human systems’
coping capacity through promoting vulnerability reduction by enhancing
resilience to future change (Uzielli 2006). Again, there are differences in
the understanding of vulnerability as either ‘outcome-vulnerability’ or
‘contextual-vulnerability’, relating to either scientific predictions or actual
human-security framing respectively (O’Brien, et al. 2007). However,
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according to Brooks vulnerability can be either ‘actual or ‘expected’ (Brooks
2003). “The interpretation of vulnerability affects the type of adaptation that
is promoted’ (O’Brien, et al. 2007: 84; Raiser 2014). The Figure 2.1 provides a
visual representation of the two approaches of dealing with uncertainty can
inform climate adaptation policy: one is (epistemic) uncertainty ‘reducer’
while the other is uncertainty ‘accepting’ (Ciurean, et al. 2013; Dessai and
Hulme 2004).

Both the approaches have their relative advantages and disadvantages. A
combination of top-down and bottom-up approaches is valuable for policy
makers as it provides relevant assessment of adaptation options in the face
of uncertain future climactic conditions whilst maintaining much needed
legitimacy through stakeholder involvement’ (Bhave, et al. 2013; Bhave,
et al. 2014a; Bhave, et al. 2014b; Bhave, et al. 2016). Another study on the
applicability of three varying approaches to adaptation reveals that there
is a considerable amount of co-evolution between the various strategies
(Dessai and Hulme 2007; Dessai, et al. 2009; Dessai 2005). The suitability
of approaches depend on a range of factors including ‘spatial and temporal
scales at which adaptation is taking place, availability of technical and

Figure— 2.1: Approaches for Addressing Climate Adaptation Policy
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financial capacity to handle scenario information and the type of adaptation
being considered’ (Dessai 2005). However, these adaptation approaches,
when utilized effectively together, enable a much more thorough assessment
of adaptation possibilities, considering a wider array of vulnerabilities, and
the solution to these (Raiser 2014).

HUMAN DIMENSIONS OF ADAPTATION AND CLIMATE CHANGE

Trends in recent research studies have focused on the mitigation of
greenhouse gas emissions from forests, and adaptations to climate change
in agriculture (Locatelli, et al. 2017). However, studies on adaptation to
climate change have underrated, or even perhaps ignored, the context in
which people perceive and evaluate the risks of changing their livelihood
strategies and make risk decisions. The cultural aspects and perceived
realism of risks have remained discounted in the technical models of risk
analysis and assessment. Risk perception assumes that the perceiver, within
a social setting, selects certain risks for addressing, while suppresses some
others from attention. An individual’s own estimates of risk may be very
different from that of the others as well as from apparently ‘objective’
estimates of risk calculated in terms of statistics and probability distributions.
Actor’s response to climate risks depends on how they experience the risk
environment, which take them to compare the present situation with that of
the past- anything they have experienced or culturally known and classified
in the past. The actor first take resort to their previous experiences of similar
situation and depending on the similarity, they choose a particular course of
actions to be taken. In case of new experience, people employ a more complex
assessment to see whether the new experience can be fitted to the existing
cultural categories and behavior or requires more contextual assessment
(Brondizio and Moran 2008; Shafie 2017). These risks are assessed in terms
of the constraints of the individual as a member of a household and a
community, and the external constraints he/ she faces. Therefore, people
may respond to risk and uncertainties in a wide variety of ways because risk
is more about thought, beliefs and constructions rather than about reality.

Adaptation policies need to account the decision factors influencing the
protective response motivation of people living under risk and uncertainties
induced by extreme climatic events. To understand human dimensions of
climate change, we need to begin by examining the adaptive mechanisms
of human populations to environmental change, the differential responses
to the magnitude and the frequency of perceived and actual changes, and
the differences between adaptive responses at the individual level and those
visible at the population level (Brondizio and Moran 2008). Actor’s adaptive
responses to global environmental change are mediated by multiple
factors including perception of change in terms of cultural and linguistic
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dimensions- such as whether people have experienced that type of change
and whether it is easily understood and interpreted by existing cues and
an appropriate lexicon and so on. In Bangladesh, flooding is a regular
occurrence and therefore, established residents of this region are more likely
to have a specific terminology and the ways to cope with flood compared to
new residents who have never experienced a flood before. If flooding would
have occurred infrequently in Bangladesh, the memory of past events may
not be part of inter-generational cultural knowledge (Brondizio and Moran
2008; Moran 2009).

Studies on risk have raised the challenges of incorporating cultural and
technical considerations into the risk management framework (Fischhoft, et
al. 1984a; Fischhoff, et al. 1984b; Rayner 1992; Rowe 1977; Sitkin and Pablo
1992; Sitkin and Weingart 1995; Slovic 1987; Starr 1969). Factors altering
the perceptions of people may lead the community people to underrate or
even not perceive risks even though the actual risk might be out there. Risk
perception assumes that the perceiver, within a social setting, selects certain
risks for addressing, while suppresses some others from attention (Douglas
1985). Therefore, understanding the factors that contribute to form and
change risk perception has significant bearing upon policy outcomes and
program implementations for risk management.

Research on risk perception may vary, to a large extent, in terms of micro-
macro levels of abstractions. Drawing on the analysis of individuals, the
social psychological theory of risks is concerned with how individuals reacts
to uncertainties, the formation of risk perception and judgment of risks at
the individual level (Brehmer 1987; Loewenstein, et al. 2001; Tversky and
Kahneman 1975). While, focusing on the macro level processes, the cultural
theory of risk (Douglas 1985) looks at the relationships amongst individuals
and argues that “risks are defined, perceived, and managed according to
principles that inhere in particular forms of social organization” (Rayner
1992). Individual-level responses to environmental changes are time
dependent and heterogeneous, with some individuals coping quickly and
others taking one or more generations to adapt. While a few individuals
may adapt quickly to an environmental shift, but a population might take
at least one generation to become fully adjusted (Moran 2009). However,
according to the cultural theory of risk perception, the perceiver of risk is
not an isolated individual, rather he works, lives and has social relationships
within a social context. Therefore, the cultural theory argues that “what
societies choose to call risky are largely determined by social and cultural
factors, not nature” (Johnson and Covello 1987). Within the wider social
factors and processes, the individuals are motivated to make choices and
decisions for risk response, and these choices become aggregated as patterns.
The social and institutional arrangements set conditions for individual’s
behavior, provide broad frameworks for the shaping of their attitudes and
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Figure— 2.2: Mediating Factors of Adaptive Responses to Climate Change
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beliefs, and are also closely tied to questions of what is to be valued and what
is not (Douglas 1985). Since risk perception is affected by both individual
and cultural factors, we need to have appropriate frameworks to explain
the diversity in perceptions, making of choices and decisions of response or
action (see Figure- 2.2). In addition, In addition, differences in households’
economic capital allow them to take risks by different capacities.

Challenges to human adaptation to climate change depend on understanding
the scale of the problem: most environmental perception is local rather
than global, and is manifested in experience with changes in precipitation
and temperature and observation of crop responses to current conditions
(Magistro and Roncoli 2001 cf. Brondizio and Moran 2008). The existing
literature on human-environment interaction has had a tendency to treat
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human responses to change at a local, self-contained level, but limited in
capturing the linkages and vertical interplay created by a growing functional
interdependency of resource use systems and ecosystems (Berkes 2006;
Brondizio and Moran 2008; Young 2006). The linkages between local and
global understanding of climate change sometimes become conflicting
when the national and global forecasts contradict local experience, which
raise the question of authenticity leading people to resist believing either of
them because they do not match personal understanding and experiences
of climate patterns. People’s interpretation and trust of such information
depend on the spatial and temporal scopes with which it is presented, its
significance to local-level decision making, and clarity of language and
terminology. The roles of institutions, culture, social class and perception are
significant variable for determining how people respond to forecasts (Lemos,
et al. 2002; Moran, et al. 2006; Nelson and Finan 2000; Shafie 2017; Shafie, et
al. 2009). Adaptation is likely to be quicker if there exist effective connections
between climate factors and cultural practices (Magistro and Roncoli 2001).
However, this line of reasoning suggests that we should pay due attention
to processes those mediate the perception of change in climate and differ
at individual, household, community and regional scales. Approaches to
understand adaptation in Bangladesh, therefore, must account various social
conditions differentiating adaptability of individuals and communities as
well as consider understanding of individual environmental cognition and
behavior into larger social, cultural and environmental contexts.
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Image-06: House on the Verge of Collapse during Cyclone Aila on 27 May 2009 (Photograph by Hasan Shafie)
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Image-07: Emission from Brickfield (Photograph by Shuvashish Sarker).



Chapter Three

GEO-PHYSICAL LOCATION OF BANGLADESH
Quaternary Bangladesh and Paleoclimate

Bangladesh, a part of Bengal Basin, geologically located at the intersection
of the Indian, Burma and Tibetan (Eurasian) Plates, the three interacting
geo—tectonic plates (Alam, et al. 2003), while geographically, as a corridor,
the West and South Asia to the Southeast and East Asia due to its strategic
location between the Himalayan Mountain Range and the Bay-of-Bengal.
The Quaternary history of the Bengal Basin reveals the interplay of several
co-occurring factors, for instance, the uplift of the Himalayas, subsidence
in the Bengal Basin and suppressed monsoon, have contributed in the
making of alluvial sedimentation in the Bengal Basin (McArthur, et al.
2004; Ravenscroft, et al. 2005; Umitsu 1987; Umitsu 1993). The Himalayan
glaciation, during the Ice Age, suppressed monsoonal circulation reducing
rainfall and river flows (Dawson 1992; Gibling, et al. 2005). Oceanographic
evidence, from the Bay of Bengal, indicates that river discharge was greatly
reduced under the dominance of the dry northeast monsoon (Goodbred, et
al. 2003; Sinha, et al. 2005; Wiedicke, et al. 1999), but at the low—stand of sea
level during last glaciations, most river sediment would have passed over
the Bengal Basin onto the submarine fan of the Bay of Bengal (Weber, et
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al. 2003). Therefore, the fluvial sedimentation on the Ganges-Brahmaputra
River delta began around 11 kya, during post LGM, when the rising sea level
intercepted the coastal plain about 50 meters below the present surface,
causing floods in the Bengal basin and thereby, trapping most of the river’s
discharge on the inner margin (Goodbred and Kuehl 2000).

Significant variation in climatic regimes, during the Last Glacial Maximum
(LGM) and late glacial phase across Indian plate and Bengal Basin, has
been characterized by substantial aridity, reduced river flow and much
lower summer monsoon compared to those of the present (Goodbred and
Kuehl 2000; Kudrass, et al. 2001; Kumar, et al. 2008). During the post-
glacial transgression, the rise of the sea level by more than 110 meters has
altered the coastline considerably by shifting it in some places hundreds of

Map- 3.1: Bangladesh Seen from the Sky on November 9, 2011
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kilometers inland. The formation of ice caps in the northern hemisphere,
during the last glacial period* of Pleistocene epoch, had caused the lowering
of world sea level by 120 meters below the present sea level (Beyin 2011;
Chappell 2002; Clark and Mix 2002; Fairbanks 1989; Lambeck and
Chappell 2001; Mellars 2006; Oppenheimer 2009; Siddall, et al. 2003; Van
Andel 1989; Westley and Dix 2006; Yokoyama, et al. 2000), and thereby
exposing the swathes of land presently submerged under sea water. Besides
sea level changes, the last Ice Age during quaternary is characterized by
fluctuations in climatic conditions and changes in geologic processes of
weathering, erosion, sediment supply from the Himalayan mountain range
and deposition of sedimentation changes in the Bengal Basin. Rainforest
was replaced by dry grasslands due to cold and arid climatic conditions
during this period in most of the regions of Indian subcontinent (Morrill,
et al. 2006). Hunting gathering based subsistence would find difficulty in
adapting to such ecological conditions (Williams and Clarke 1984). These
conditions are expected to lead early human population to move towards
eastern part of India through the Bengal Basin and to southern India,
since some monsoon forests and woodlands had existed in those regions
(Kumar, et al. 2008; Williams and Clarke 1984). Late Pleistocene and early
Holocene periods, after the retreat of glaciations phase, are marked by rapid
population growth, as the climatic conditions began to improve.

The Ganges-Brahmaputra—-Meghna (GBM) River Systems

Bangladesh, as one of the largest, youngest, and most active deltas in the
world, has been formed by the alluvial deposits of the Ganges-Brahmaputra—
Meghna (GBM) river systems. Numerous rivers and tributaries of the GBM
systems drain through the country of which there are 57 trans-boundary
rivers. The GBM river basin comprises a catchment area of 1.72 million
square km distributed over 64.02 percent in India, 17.69 percent in China,
8.57 percent in Nepal, 7 percent in Bangladesh and 2.73 percent in Bhutan
(MoWR 2017). The GBM river systems has an average annual flow of
1,009,000 million cubic meter and transports 1.8 billion tons of sediments
each year into the Bay of Bengal. This the largest sediment supply in the
world that leads to accretion of the land area in the coastal zone (5-10 square
km per year, mainly in the Meghna Estuary), and to constantly changing
and highly unstable network of rivers, estuaries, tidal inlets, and tidal creeks.

2 The last glacial cycle was characterized by substantial millennial-scale climate fluctuations,
but the extent of any associated changes in global sea level (or, equivalently, ice volume)
remains elusive. Highstands of sea level is reconstructed from dated fossil coral reef terraces,
which is complemented by a compilation of global sea-level estimates based on deep-sea
oxygen isotope ratios at millennial-scale resolution or higher. Records based on oxygen
isotopes, however, contain uncertainties in the range of £30 m, or +1 degrees C in deep
sea temperature. The analysis of oxygen isotope records reconstruct the history of water
residence times is, however, accurate to within +12 meters (Siddall, et al. 2003).
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Features of Coastal Zone of Bangladesh

Bangladesh has 710 km long coastline. The coastal zone includes 19 coastal
districts, 153 upazilas and Exclusive Economic Zone (EEZ) in the Bay of
Bengal®. Of these 19 districts, 51 upazilas of 12 districts are ‘exposed coast’
and subject to natural disasters. The landward distance of the demarcated
coastal zone from the shore is between 30 and 195 km and the exposed coast
is between 37 and 57 km (Ahmad 2005; Mohal, et al. 2006). 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 above mean sea level (Nishat and Mukherjee 2013).
The Coastal zone constitutes a 47,201 square kilometer and hosts nearly 42
million population, which is 32 percent of the land area and 28 percent of the
population of Bangladesh respectively (Islam 2004). The coastal population
is projected to grow to 61 million by 2050 (Ahmad 2005). Land of coastal
area is used mainly for agriculture, shrimp and fish farming, forestry, salt
production, ship-breaking yards, ports & industries. Land use in the coastal
zone is diverse, competitive and often conflicting. In the north of Bay of
Bengal, ‘Swatch of No Ground’, a submarine canyon present at 25 km south
of the western coastline of Bangladesh (Mohal, et al. 2006). The coastal
zone also includes the world’s largest single track of mangrove forest, the
Sundarbans, bordering the Bay of Bengal.

LOCATING THE STUDY AREAS
Selected Study Areas

Assasuni upazila of Satkhira district, Chakaria upazila of Cox’s Bazar
district, Tarash upazila of Sirajgonj district and Porsha upazila of Naogaon
district have been selected for this study for their geo—physical locations,
relatively higher vulnerability to cyclone, salinity, flood, riverbank erosion,
drought and other climatic variabilities.

Table— 3.1: Location and Demographic Profiles of the Study Areas

Land Area 374.81 sq km 503.83 sq km 3435.65 sq km 300.07 sq km
Latitudes 21°58' & 22°14' N 21°34' & 21°55' N 24°54" & 25°05' N 24°20' & 24°34' N
Longitudes 89°53' & 90°05E  91°54' & 92°54'E  88°24' & 88°39'E  89°15' & 89°26' E
P 11 unions, 143 18 unions, 54 6 unions, 155 8 unions, 176
G?]E?S'"'Stratwe mauzas, and 241 mouzas, and 221 mouzas and 246 mouzas and 254
villages villages villages villages

3 The delineation of the Coastal Zone, approved by the Ministry of Water Resources in 2003,
comprises 19 districts, 147 upazilas and the exclusive economic zone.
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Locations and Demography

Assasuni Upazila: Assasuni is the second largest upazila of Satkhira District
in respect of area. The upazila is bounded on the north by Satkhira Sadar
and Tala upazilas, on the east by Paikgachha and Koyra upazilas of Khulna
District, on the south by Shyamnagar upazila and on the west by Debhata
and Kaliganj upazilas. The upazila consists of 11 unions, 143 mauzas and
241 villages. The Baradal union comprises the highest number of population
26,921 (male: 13,623, female: 13,297 and total number of households: 5,797)
and Kadakati union has the lowest number of population 12,772 (Male
6,605 Female 6,167 and total no of households: 2,698). Both of Sobhnali
and Kadakati union have the highest literacy rate (45%). In the Assasuni
upazila, the population density is highest (772 per sq. km) in Anulia union
and lowest (457 per sq. km) in Kadakati union (please see Table 3.1. for
related information and sources).

Chakaria Upazila: Chakaria is the biggest upazila of Cox’s Bazar District
in respect of area and population. This upazila is consisted of 1 Paurashava,
18 unions, 54 mauzas, and 221 villages. This upazila is bounded by
Lohagara, Banshkhali and Lama upazila on the north, Cox’s Bazar Sadar,
and Ramu upazilas on the south, Lama and Naikhongchhari upazilas on
the east, Maheshkhali and Pekua upazila on the west. In Chakaria upazila,
the Paurashava has the highest number of population (Total population:
50,993, Male: 27,007, Female: 23,986) followed by the Dulhazra union. The
Paschim Bara Bheola Union has the lowest number of population (Total
population: 7,775, Male: 4,102, Female: 3,673). Among the unions of this
upazila the Lakhyarchar Union has the highest literacy rate (41%) where
as the Demusha Union has the lowest literacy rate (22%). In the Chakaria
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upazila, the Paurashava has the highest (11,914 per sq km) population
density, followed by the Lakhyarchar Union (2,679 per sq. km) and lowest
(260 per sq. km.) in the Chiringa Union (please see Table 3.1. for related
information and sources).

Porsha Upazila: The upazila is agriculture intensive with the area of
27,205.26 hectare consisting 06 unions, 155 mouzas and 246 villages.
The upazila is bounded on the north by Sapahar upazila, on the east by
Patnitala and Mahadebpur upazilas, on the south by Nimatpur upazila and
Gomastapur upazila of Nawabganj District and on the west by India. As
per population census, total population of this upazila is 1,32,095 in which
66,299 are male and 65,796 are female. Population density of this upazila
is 522 per sq.km. Total literacy rate of this upazila is 42.5% of which 43.2%
are male and 41.9% are female (please see Table 3.2. for related information
and sources).

Tarash Upazila: The land area of the upazila is 30020.25 hectares consisting
of 08 unions, 176 mouzas and 254 villages. The upazila is bounded on the

Map- 3.2: The Selected Study Areas
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north by Sherpur upazila, on the south by Chatmohar upazila, on the east by
Royganj and Ullapara upazila and on the west by Singra and Gurudashpur
upazila of Natore Zila. According to the recent census, the total population
of this upazila 1,97,214 out of which 97,447 are male and 99,767 are female.
The population density of this upazila is 657 per sq.km. The literacy rate of
this upazila is 39.0% of which 43.0% are male and 35.1% are female (please
see Table 3.1. for related information and sources).

Ecology and Climate

Assasuni Upazila: Assasuni upazila is located in the Kobadak, Kholpetua,
Morischap, Guliakhali, Habra and Malancha River Floodplain, which is the
Immature Delta, based on physical features, having direct interaction with
the natural phenomena of the river and that of the Bay of Bengal. The region
is barely above sea level. The soil of this area is mostly gray floodplain soils,
with strong saline phase (Rashid 2005). The increasing trend of salinity and
river siltation in Southwest region of Bangladesh has developed limiting
conditions for the farmers to cultivate crops round the year. The salinity
intrusion is highest in the months of March to June and lowest in the
month August to October. The increasing salinity intrusion has restricted
cultivation of necessary crops and affecting environment adversely as well
as infusing social conflicts is this region. Moreover, severe siltation of rivers,
khals, beels has created serious water logging in the area. However, the
farming system of this area is generally shrimp (major bagda) culture with
white fish. The major field crop in the area is T. aman, Boro (HYV) and
farmers do not cultivate Aus crop due to salinity problem in this cropping
season. Other minor crops like jute, sesame, ground nut, potato (mainly
table potato followed by seed potato), mustered, vegetables are also grown
in limited areas on small scale basis.

The average temperature at the area ranges from 21.4°C to 31.6°C. The
annual average rainfall is 1742 mm. Average maximum rainfall recorded
377 mm in July and average minimum rainfall is 12 mm in the month
of January. The dry season is November to February and Rainy season is
March to October (BMD 2009).

Chakaria Upazila: Chakaria is located in the Matamuhuri Estuarine
Floodplain. The wupazila is surrounded by the Matamuhuri, Bara
Matamuhuri, Maheshkhali and Kutubdia Channel. Chakaria upazila is
influenced by wave and tidal energy originated from the Bay of Bengal along
its open-ocean coast with some remnant mangroves in the river estuaries.
Some plain-lands of Chakaria upazila are situated in the underneath area
of hill tracts. The devastating cyclone and the tidal bore of 29 April 1971
caused serious damages to the upazila with a death of 16705 persons. The
annual average temperature at the area ranges from 16.1°C to 32.8 °C. The
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climate remains hot and humid with some seasons of temperate weather.
The average amount of rainfall is 4,285 mm. Average highest temperature
from 2008 to 2011 was 34°C and average lowest was 14.1°C (BBS 2011).

Porsha Upazila: Porsha upazila is situated in the Barind Tracts in the
northwestern Bangladesh. A stiff soil of reddish clayey loam characterize
the region which lie within the flood plains of the little Jamuna, Atrai, Shiba
and Purnabhaba rivers where soils are mainly silty in redges and clays in
basin centers in some areas and heavy clays in some other areas. A large
part of this Sal forest area has been cleared and now intensively used for
agricultural purposes. About 81.44% people of this upazila is engaged in
agriculture sector. Indigenous peoples like Santal, Munda especially their
women play a great role in crop production systems. Wide range of rabi and
kharif crops such as paddy, wheat, mustard, maize, potato, chili, vegetables
etc grow here. Fruits grow well here are mango, litchi, jack-fruit, banana,
papaya etc.

The average temperature of the area ranges from 8.6°C to 22.6°C. The
annual average rainfall is 1160 mm and humidity is 79% (BMD 2009). The
driest month is December, with 3 mm of rainfall. Most of the precipitation
here falls in July, averaging 307 mm. The warmest month of the year is June,
with an average temperature of 29.0°C. January is the coldest month, with
temperatures averaging 18.2°C.

Table— 3.2: Geo-physical Characteristics of the Study Areas

Physiographic Hill tracts and coastal ] Ganges floodplain
Features EE R tidal floodplain o] and chalan bill
. Loam, Silt Loam to
Clay Loam, Clay, Silt s X Clay Loam to Clay,
' Loam to Silty Clay Silty Clay Loa_m, Silty Clay Loam to Loam to Clay, Silt
Soil Texture Clay Loam, Silty Clay, Clay, Loam to
Loam, Clay Loam to Sandy Loamn 1o Sity Clay Loam Loam to Clay,
Clay Clay Loam Loam to Clay Loam
Kobadak, Kholpetua, ngmﬂm: Bara Atrai, Atrai, Ghumani,
Major Rivers Morischap, Guliakhali, Maheshkhali and Shiba and Korotoya, and
Habra and Malancha " Purnabhaba Vodraboti
Kutubdia Channel
Ganges Delta/ Tidal
Lone Floodplain/ Brackish ~ Coastal tidal Floodplain  Barind Tracts ~ Floodplain
Ecosystem
Average Ranges from 21.4°C  Ranges from 16.1°C to gasrl%e iofrom Ranges from 9.4°C
Temperature t031.6°C 32.8°C 2'2 6°C t0 35.2°C
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Annual Average

. 1742 mm 4285 mm 1160 mm 1371 mm
Rainfall
. - . Drought and Flood and
Major Hazard Salinity Intrusion Cyclone Aridity Riverbank Erosion
Cyclone, Waterlogging  Flood, Flash Flood, Cold wave, .
Other Hazards and Flood. Salinity Intrusion Hail-storm Waterlogging

Tarash Upazila: The upazila lies within the floodplain of the Karatoya,
Atrai, Gumani and Vodraboti river basins and forms part of the Chalan
Beel. Chalan Beel is an extensive lowland area in the lower Atrai basin. It
is a neighboring upazila of Barind Tract (Borendra Bhumi). It is blessed by
fertile plain land, vegetation, rivers sand, canals, ponds and beel etc. The
rivers and beels play vital roles in the ecology, economy and the livelihood of
the people of the upazila. This region consists of a series of beels connected
to one another by various channels to form a continuous water body during
the rainy season. Although the beel area expands into a vast water body with
dense aquatic vegetation as long as the Jamuna, remains flooded during the
monsoon months, it dries out in the winter months, leaving only patches of
water in the central parts of this zone.

Average temperature of this upazila ranges from 9.4 to 35.2 with average
rainfall 1371 mm and humidity 78% (BMD 2009). Historical Climatic
data analysis shows that this upazila is mainly drought prone region with
dry weather. Many people were victims of the famines of 1897, 1943 and
1974. Besides, the earthquakes of 1885 and 1897 caused heavy damages to
settlements and other properties of the upazila.

Livelihood Conditions and Economic Profile

Assasuni Upazila: In the upazila, 63.11% of the dwelling households depend
on agriculture as the main source of household income with 30.44% on
cropping, livestock, forestry and fishery and 32.67% on selling agricultural
labor. Other dwelling households reported earning main incomes are
from nonagricultural labor 5.12%, business 16.98%, employment 3.56%,
construction 0.62%, religious service 0.24%, rent and remittance 0.14%,
Industry 0.96%, transport and communication 1.74%, and others 7.53%. In
urban area dwelling households having main incomes are from employment
14.17%, business 27.02%, construction 1.32%, rent and remittance 0.35%,
religious service 0.41%, agriculture 30.62%, industry 0.46%, transport and
communication 7.57%, non-agricultural labor 8.43% and others 9.65%
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(MoL 2011a). The rural dwelling households observed getting main incomes
are from agriculture 64.38%, non-agricultural labor 4.99%, business 16.58%,
employment 3.14%, industry 0.97%, transport and communication 1.51%,
construction 0.60%, religious services 0.23% and others 7.60% (BBS 2014a).

Chakaria Upazila: Agriculture, in Chakaria upazila, comprises highest
(53.09%) level ofincome source whereas non—agricultural laborers are 7.80%.
Industry provides 0.75% income source, commerce 15.01%, transport and
communication 2.94%, service 6.7%, construction 1.1%, religious service
0.24%, rent and remittance 1.13% and others 11.24%. Among the population
34.30% is landowner and 65.70% is landless. Major crops are paddy, potato,
mustard, sweet potato, chili, corn, sugarcane, wheat, peanut, betel leaf,
tobacco, cauliflower, tomato, cabbage, brinjal, lady’s finger, barbati, and
felon (MoL 2011b). The other occupations are rearing of livestock, poultry
and duck, boat building, fishing net making, mat making and few people are
engaged in nursery business and tree plantation etc. Local people are also
earning from homestead gardening and cultivation vegetables (BBS 2012).

Porsha Upazila: In Porsha upazila, Agriculture is the maiden source
of income of 81.44% residents of this upazila. 3.16% people are non-
agriculturallaborer, 0.22% depend on industrial sector, 5.43% on commerce,
0.93% on transport and communication, 3.34% on service, 0.25% on
construction, 0.13% on religious service, 0.03% on remittance, and 5.06%
on other sources of subsistence activities (BBS 2014c). Major crops are,
paddy, wheat and mustard. Major fruits are mango, jack-fruit, litchi and
watermelon. Agriculture shapes a substantial part of Porsha’s landscapes by
providing large seasonal, functional and structural variations that impact
on key components of the biosphere. Various Rabi and Kharif crops such as
paddy, wheat and mustard are the notable crops, but paddy is the main crop
of the upazila. Besides those crops, fruits like mango, jack-fruit, litchi and
watermelon are also grown in the upazila (MoL 2015).

Tarash Upazila: Lives and Livelihoods in Tarash upazila are closely
connected to agricultural production. Ownership of land plays a key role
in determining social positions of people. There are indigenous groups and
excluded communities in Tarash upazila, although a significant number of
them are landless. However, in Tarash, agricultural landowners are 64.11%
(urban 58.29% and rural 64.32%.), and landless people 35.89%. Major
crops are paddy, wheat, mustard, maize, pulse, onion, garlic and kalai.
Main source of income is Agriculture 84.75%. Other sources include non—
agricultural laborer 1.62%, industry 0.26%, commerce 4.90%, transport and
communication 0.99%, service 2.74%, construction 0.41%, religious service
0.14%, rent and remittance 0.07% and others 4.12% (BBS 2014b). Paddy,
wheat, mustard, maize, pulse, onion, garlic, kalai are the notable crops, but
paddy is the main crop of the upazila. Besides those crops, fruits like mango,
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jackfruit, guava, watermelon, papaya, banana also grown in the upazila.
Extinct or nearly extinct crops are sesame and jute (MoL 2016).

Land Use Patterns

Assasuni Upazila: The land of Assasuni upazila of Satkhira district is
dominantin agriculture and also intensively used for shrimp (bagda) culture,
mixed shrimp (bagda & white fish) culture with paddy, settlements with
homestead forest, close water body, river/ canal and for other infrastructural
developments (MoL 2011a). The upazila in one hand is rich in both aquatic
and terrestrial resources and on the other hand is vulnerable to natural and
man-made hazards like cyclone, storm surges, drainage congestion, salinity
increase, land erosion, deforestation and unplanned uses for housing
and industries etc. which are the main causes of land degradation, loss of
biodiversity, human lives and properties. The diversified uses of land are
always creating problems in respect of its criteria based uses and creating
conflicting situation among the land users.

Table— 3.3: Present Land Use Patterns in the Study Areas

Total Area (ha) 37660 47833 25858.60 29985.76
Land Type (%)
High Land (HL) 18.64 19.26 81 16
Medium High Land (MHL) 55.45 50.37 03 31
Medium Low Land (MLL) 25.00 27.42 13 34
Low Land (LL) 0.91 2.95 03 19
Present Land Use (%)
Rural Settlement & HV* 14.55 15.26 8.25 12.15
Urban Area 0.18 1.74 0.72 0
Water Body/ Wet Land 10.45 5.00 6.48 4.75
Fallow land 0 6.56 0 0
Forest 0 24.42 0.02 0
Agriculture 29.91 36.89 71.42 83.03
Shrimp Area 44.64 2.53 0 0
Salt & Shrimp 0 5.63 0 0
Mango/ Litchi Garden 0 0 13.05 0
Others 0 2.26 0.06 0.07
Sources: Mol 2011a Mol 2011b Mol 2015 Mol 2016

Notes: *HV = Homestead Vegetation. The percentage of agriculture area is considered as
percentage of Net Cultivable Area (NCA) on total area of the Union.
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Chakaria Upazila: The land of Chakaria upazila of Cox’s Bazar district is
dominant in agriculture and also intensively used for hill forest, settlements
with homestead forest, salt & shrimp, fish culture (homestead pond and
commercial) and for other infrastructural developments. The newly accreted
Chars and Islands have different uses also. The upazila is influenced by
wave and tidal energy originated from the Bay of Bengal along its open—
ocean coast with some remnant mangroves in the river estuaries. Chakaria
upazila in one hand is rich in both aquatic and terrestrial resources and on
the other hand is vulnerable to natural and man-made hazards like tidal
movement, storm surges, cyclone, drainage congestion, salinity increase,
erosion and deforestation, which are the main causes of land degradation
and loss of biodiversity and human lives. The diversified uses of land are
always creating problems in respect of its criteria based uses and creating
conflicting situation among the land users. It is predicted that the upazila
may face extreme impacts of climatic change in future. The major climate
risks are, flash flood, salinity intrusion and cyclone, while the risks profile
are significantly high in Chakaria upazila .

The land of the coastal area is intensively used for agriculture, housing
and settlements, forests, shrimp ghers, water bodies and fisheries, salt
production, industrial and infrastructural developments, tourism,
preservation and management of environmentally important and special
areas. These diversified uses of land have resulted into several aftermaths
(MoL 2011b): (1) conflicting land uses and demands; (2) degradation
of coastal ecosystem; (3) growing demand for expansion in all land uses
(urban area, settlement, shrimp etc.); (4) increasing demands for new uses
(tourism, export processing zones and others) and (5) encroachment and
conversion of land from one use to the other.

Porsha Upazila: Broad land use types of the upazila are agricultural land,
mango and litchi gardens, rural settlement and homestead vegetation,
water bodies, urban built-up area, and forest. The Porsha upazila, under
Naogaon district is situated in the northwestern part of Bangladesh. The
region has been designated as drought prone area and eventually it is
affecting the cultivation of crops and creates unfavorable environment. The
upazila lies in the Barind Tract (AEZ-25). The climate of the area is hot
in summer and relatively cold in winter and less rainfall during monsoon,
which differs to the climatic conditions of rest of the country. The Barind
Multipurpose Development Authority (BMDA) had installed deep tube
wells in the area, which facilitated dry season irrigation for cultivation. As a
result, agricultural production has increased to a large extent. Major crops
grown in the area are: rice, potato, mustard, wheat, pulses etc. Mango and
lichi productions, on commercial basis, are increasingly becoming popular
among local people. The ponds and beels in the upazila are the source of
local fish supplies.
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Agriculture is the major land use of the upazila, which occupies about
71% of total land of the upazila. Land types vary from high land (81%)
followed by medium low land (13%), medium high land (03%) and low land
(03%). Land, which is above normal flood level, can provide wide range of
opportunities for growing crops. Soil is moderately fertile and the cropping
intensity is 169 %. About 51% of agriculture land is double cropped, 9% is
triple cropped, and 40% is single cropped (MoL 2015). Mango, litchi, banana,
maize, rice and wheat are principal crops. Boro and transplanted aman are
the two major rice cultivated. Mango is one of the most important fruit
and cash crop grown for commercial purpose in orchard and homestead
area. About 65 % land is cultivated by the power tiller. Land resources are
gradually degrading due to climate change impacts and many man-made
interventions. To ensure food supply to an increased population of the
country, cultivable land should be protected from being converted to other
land uses. Protection of double and triple cropped land is a priority issue in
Porsha upazila.

Tarash Upazila: The upazila lies in Chalan Beel area, which is the largest
wetland of Bangladesh covering three Districts. Chalan Beel is a famous
beel, which is the home of abundant natural fish and other resources. Huge
natural fishes are grown in this wetland and the livelihood of many people
depends on fishing. Although, geo-morphology of Chalan beel has been
changed over the years and water bodies have been reduced drastically, the
land use of the area is gradually changing. However, the Agro-ecological
zones of the upazila are: Lower Atrai Basin (AEZ-5) and Level Barind Tract
(AEZ-25). The Atrai basin region comprises the low-lying area between the
Barind Tract and the Ganges river floodplain. It includes the Chalan Beel
area. Dark gray, heavy, acidic clays are predominating in this smooth low-
lying basin land. Level Barind Tract region is developed over Madhupur
clay. The landscape is almost level. Shallow gray terrace soil and deep gray
terrace soils are the major components of general soil types of the area. The
soils have low moisture holding capacity and are slightly acidic to acidic in
reaction. Major cropping Pattern are: Boro (HYV)- Fallow, Boro- Fallow-
T.aman/ B.aman, Rabi crops— T.aus- T. Aman, Sesame/ Rabi crops- Fallow-
T.Aman, Mustard- Fallow- T.aman, Fallow- Vegetables— T.aman (MoL
2016). Farmers also grow different crops and vegetables in the winter season.
The area faces monsoon flooding which causes crop damage in almost every
year in the low-lying areas.

PROFILING THE RESPONDENTS
Religious Beliefs

The following diagram shows the religious status of the people under study
in Chakaria, Assasuni, Tarash and Porsha upazilas. According to religious
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affiliation, Islam is practiced by majority of the respondents. Hinduism and
Buddhism comprise second and third largest religious groups respectively,
while Christianity is being followed by relatively small group of people in
the study areas. Among all the study people, 13.9% believe in Sanatan or
Folk Hinduism, 5.9% in Hinduism, 3.2% in Buddhism, 75.6% in Islam, and
1.4% in Christianity.

The following diagram shows the area wise religious status of the people
in Chakaria, Assasuni, Tarash and Porsha upazilas. In Chakaria 8.0%
people believe in Sanatan or Folk Hinduism, 1.6% in Hinduism, 10.6%
in Buddhism, 79.3% in Islam, and 0.5%in Christianity. In Assasuni 19.6%
people believe in Sanatan or Folk Hinduism, 13.7% in Hinduism, 1.4% in
Buddhism, 64.7% in Islam, and 0.6%in Christianity. In Porsha 8.3% people

Graph- 3.1: Religious Status of the People under Study
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believe in Sanatan or Folk Hinduism, 6.9% in Hinduism, 0.3% in Buddhism,
80.1% in Islam, and 4.4%in Christianity. In Tarash 20.0% people believe in
Sanatan or Folk Hinduism, 1.9% in Hinduism, 0.3% in Buddhism, 77.9% in
Islam, and 0.0% in Christianity. Overall 13.9% people believe in Sanatan or
Folk Hinduism, 5.9% in Hinduism, 3.2% in Buddhism, 75.6% in Islam, and
1.4% in Christianity.

OCCUPATIONAL DISTRIBUTION

There are various occupational groups found in Chakaria, Assasuni, Tarash
and Porsha upazilas, which determines the socio—economic condition
of their households. It has been found that agriculture (i.e. agricultural
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laborer (20.1%), agricultural works on own land (13.6%) or on other’s land
(7.6%) through sharecropping or mortgaging) is the major occupation for
most of the households of these upazilas. Sometimes one can combine all
these modes together. The other occupations include non-agricultural
labor (8.3%), petty business (6.7%), old aged and retired household
members (5.0%) and housewives (4.0%). 3.7% HH members are engaged
in fishing labor, fish cultivation/ fishing, and shrimp/ crab cultivation on
other’s land. A small number of HH members (on an average 2.36%) are
engaged in the occupations such as shrimp/ crab cultivation on own land,
rickshaw/ van pulling and cart pushing, big/ middle business, government/
non-government service, motor vehicle drivers, mango business, fishing
business, shrimp/ crab labor and forest dependent.

Occupation of the Household Heads

The household heads of various households in Chakaria, Assasuni, Tarash
and Porsha upazilas are engaged in multiple occupations. They do this
for their survival strategy and resistance against the natural disasters and
different conditions of climate change. Agriculture (i.e. agricultural labor
(31.29%), agricultural works on own land (17.76%) or on other’s land
(11.43%) through sharecropping or mortgaging) is the major occupation for
most of the household heads (see graph- 3.2). The other occupations include
big/ middle business (10.14%), fish cultivation/ fishing (6.73%), fishing
Graph- 3.2: Occupation of the Household Heads (Multiple Response)
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laborers (3.95%), government/ non-government service holders (3.40%),
non-agricultural laborers (9.66%), housewives (6.12%), old aged/ retired
(5.44%), petty business (9.05%), rickshaw/ van pulling and cart pushing
(3.40%), shrimp/ crab cultivators on other’s land (3.67%), and shrimp/ crab
cultivators on own land (4.83%).

SOURCES OF DRINKING WATER

The study findings show that the households of Chakaria, Assasuni, Tarash
and Porsha upazilas have multiple sources of water (see Graph- 3.3). The
average source of water with tube well is 64.9% (90.7% for Chakaria, 18.8%
for Assasuni, 51.0% for Porsha, and 96.3% for Tarash). Water source with
tube well is greater in Tarash (96.3%) than in other areas. These households
have limited options to other sources of water. People have very low access to
supply/taped water and in case of deep tube well it is the most for the people
of Assasuni (32.5%). The other sources of water such as Pond-Sand Filter
(PSF), preserved/protected well, reserved and purified water, harvested
rainwater, and surface water (river, lake, pond, etc.) are very limited in these
upazilas. However, people have a tendency to collect water from uncovered
well and it is mostly found in Porsha (31.6%).

Graph- 3.3: Sources of Drinking water

70.0 — &
o
60.0 —
50.0 —
40.0 —
300 —
20.0 — )
o
10.0 —
<
(o}

0.0 oy o = — — = ™ = ™
L ) o) B L QL o) Q
= £ £ 2 £ F 2 £
= 2 2 = = = z - =
=N = = 5 9] =1 5 o g
e = = = Z & & 5] &
5 & [ g E=! L 3 5
52 g s I £ 2 2 52

g & ¢ o
% g

"g <

g o=t

=

60



Profiling the Study Areas

The study findings show that the households of Chakaria, Assasuni, Tarash
and Porsha upazilas have different sources of water for everyday use. It has
been identified that tube well is the major source of water for most of the
households in Chakaria (90.7%), Porsha (51.0%), and Tarash (96.3%). It is
somewhat different for Assasuni where the major source of water is deep
tube well (32.5%) while 18.8% households use tube well. In Porsha 31.6%
households use uncovered well. However, considering all the upazilas the
major sources of water are tube well (64.9%), deep tube well (12.6%), and
uncovered well (8.0%). So, it has been observed that tube well (64.9%) is the
highest source of water in all the upazilas.

ECONOMIC CONDITIONS

The study findings show that different households of these upazilas have
different income and expenditures. The maximum income-expenditure
ratio belongs to the income group of Tk 50,000-100,000 (14:18) and the
lowest ratio belongs to Tk 400,000-450,000 (0.5:0.5). The second highest
ratio belongs to Tk 100,000-150,000 (12:11). The ratio goes relatively high
for the income group of Tk 500,000 and more (4:3.5).

Household Income and Expenditure

The study findings show that different households of all the upazilas have
different income and expenditures depending on their socio—economic

Graph- 3.4: Income and Expenditure
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status. Majority i.e. 35.27% households (income group tk 50,000-100,000
or 27.33%) have the highest level of expenditure while 6.20% households
(income group Tk 450,000-500,000 or 1.24%) have the lowest level of
expenditure among all the income groups. The findings also show that
households with low income (i.e. upto Tk 50,000 or 6.14%) have the high
level of expenditure while households with high income (i.e. over Tk 500,000
or 8.40%) have relatively low level of expenditure.

EXPERIENCE OF CLIMATIC EVENTS

Vulnerability of Housing Structures: The following diagram shows the
condition of houses during last flood, flash flood or storm surge. Most of
the houses (44.8%) were submerged during last flood, flash flood or storm
surge. This shows the picture that natural disasters like flood, flash flood or
storm surge cause damage to the houses of the local people (see Graph- 3.5).

The following diagram shows the condition of houses during last flood, flash
flood or storm surge in the upazilas. The percentages for houses submerged
during last flood, flash flood or storm surge for the upazilas are 71.88% for
Chakaria, 74.51% for Assasuni, 1.39% for Porsha, and 30.93% for Tarash.
Opverall, in these upazilas, 44.76% houses were submerged during last flood,
flash flood or storm surge and 54.42% houses were unaftected. This shows
the picture that natural disasters like flood, flash flood or storm surge cause
damage to the houses of the local people.

Graph- 3.5: House Submerged during Previous Climatic Events
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Vulnerability of Drinking Water Sources: The following diagram shows
the condition of water source during last flash flood, flood or storm surge.
27.3% water sources of Chakaria, Assasuni, Porsha and Tarash upazilas
were submerged during last flash flood, flood or storm surge and 71.1%
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water sources were not (see Graph- 3.6). This shows the picture that natural
disasters like flood, flash flood or storm surge cause damage to the water
sources of the local people.

Graph- 3.6: Water Source Submerged
during Previous Climatic Events
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Image-08: Going to Bazaar during Flash Flood (Photograph by Mohosin Kabir).
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Image-09: Overview of Damage Caused by Cyclone Sidr on 15 Nov 2007 (Photograph by US Navy).
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Image-10: Riverban




Chapter Four

The Days After
Tomorrow: Trends,
Projections and Risks

CHANGES IN GLOBAL CLIMATE SYSTEM

The IPCC’s Fifth Assessment Report (AR5) unequivocally validates the
warming of the climate system since the 1950s, while many of the observed
changes are unprecedented over decades to millennia (IPCC 2014). The
report goes on to say that ‘the atmosphere and ocean have been warmed,
the amounts of snow and ice have diminished, sea level has risen, and the
concentrations of greenhouse gases have increased’. The AR5 also warns
by projecting that “continued emissions of greenhouse gases will cause
further warming and changes in all components of the climate system.
Limiting climate change will require substantial and sustained reductions of
greenhouse gas emissions” (IPCC 2013:19). Built upon the AR4, the AR5 has
been updated with subsequent new research findings on many independent
scientific analyses from observations of the climate system, paleoclimate
archives, theoretical studies of climate processes and simulations using
climate models. The following Table- 4.1 presents a series of overarching
highlighted findings of the assessment. The AR5 provides a comprehensive
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view of the variability and long-term changes in the atmosphere, the ocean,
the cryosphere, and the land surface. IPCC’s projections of changes in
the climate system are made using a hierarchy of climate models ranging
from simple climate models, to models of intermediate complexity, to
comprehensive climate models, and Earth System Models. A new set of
scenarios, the Representative Concentration Pathways (RCPs), was used
for the AR5 climate model simulations. However, the projections in the
table below are for the end of the 21st century (2081-2100) given relative to
1986-2005, unless otherwise stated.

Table— 4.1: Projected Changes in the Global Climate System

Atmosphere:
Temperature

Atmosphere:
Water Cycle

70

Global surface temperature is likely to exceed 1.5°C (RCP scenarios) and 2°C (RCP6.0 and
RCP8.5) relative to 1850 to 1900 by the end of the 21st century. Warming will continue
beyond 2100 under all RCP scenarios.

o Increase of mean surface temperatures for 2016—2035 relative to 1986—2005 will be
0.3°Ct0 0.7°C.

o Seasonal and annual mean will be larger in tropics/ subtropics than in mid-latitudes.

o Increase of mean surface temperatures for 2081-2100 relative to 1986—2005 will be
0.3°C to 1.7°C (RCP2.6), 1.1°C to 2.6°C (RCP4.5), 1.4°C to 3.1°C (RCP6.0), 2.6°C to
4.8°C (RCP8.5).

o Warming over Arctic region and land surface will be rapid and more than the global mean.
o Frequent hot and fewer cold temperature extremes over most land areas.

o Heat waves with higher frequency and duration.

o Occasional cold winter extremes will continue to occur.

o Increases in intense tropical cyclone activity.

Changes in the global water cycle over the 21st century will not be uniform. The
contrast in precipitation between wet and dry regions and between wet and dry
seasons will increase with some regional variations.

o Projected changes in the water cycle at the regional scale will be strongly influenced
by natural internal variability and may be affected by anthropogenic aerosol emissions.

o Increase in annual mean precipitation in high latitudes, mid-latitude wet regions and
equatorial Pacific Ocean (RCP8.5 scenario).

o Decrease in mean precipitation in many mid-latitude and subtropical dry regions.

o Intense and more frequent extreme precipitation events over most of the mid-latitude
landmasses and over wet tropical.

o Area encompassed by monsoon systems will increase on global scale over the 21st
century.

o Weaken monsoon winds and intense monsoon precipitation due to increase in
atmospheric moisture.

o Lengthening of the monsoon season in many regions due to earlier onset and delayed
retreat dates.
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o Increases in intensity and/or duration of drought

o The EI Nifio-Southern Oscillation (ENSO) will be dominant mode of inter-annual variability
in the tropical Pacific, and increase in moisture availability will intensify ENSO-related
precipitation variability on regional scales.

o Globally, warming will decrease background surface ozone but with high CH4 levels (as
in RCP8.5) can offset this decrease.

o Higher surface temperatures in polluted regions will increase local emissions and peak
levels of ozone and PM2.5.

Global mean sea level will continue to rise and under all RCP scenarios, the rate of
sea level rise will exceed that observed during 1971 to 2010 due to increased ocean
warming and increased loss of mass from glaciers and ice sheets.

o Global mean sea level rise for 2081-2100 relative to 1986—2005 will be in the ranges of
0.26 to 0.55 m (RCP2.6), 0.32 to 0.63 m (RCP4.5), 0.33 t0 0.63 m (RCP6.0), and 0.45
t0 0.82 m (RCP8.5).

o Inthe RCP projections, thermal expansion accounts for 30 to 55% of 21st century global
mean sea level rise, and glaciers for 15 to 35%.

o Sea level rise will not be uniform.

o Sea level will rise in more than 95% of the ocean area, and after 20% change in mean
level, 70% of the coastlines worldwide will experience sea level change by the end of
21st century.

The global ocean will continue to warm during the 21st century. Heat will penetrate
from the surface to the deep ocean and affect ocean circulation.

o The strongest ocean warming is projected for the surface in tropical and Northern
Hemisphere subtropical regions but at greater depth, the warming will be most
pronounced in the Southern Ocean.

o Ocean warming in the top one hundred meters are about 0.6°C (RCP2.6) to 2.0°C
(RCP8.5), and about 0.3°C (RCP2.6) to 0.6°C (RCP8.5) at a depth of about 1000 m by
the end of the 21st century.

o The Atlantic Meridional Overturning Circulation (AMOC) will be weak and reduced by 11%
(110 24%) in RCP2.6 and 34% (12 to 54%) in RCP8.5.

The Arctic sea ice cover will continue to shrink and Northern Hemisphere spring snow

cover will decrease as global mean surface temperature rises. Global glacier volume

will further decrease.

o Year-round reductions in Arctic sea ice extent range from 43% (RCP2.6) to 94% (RCP8.5)
in September and from 8% (RCP2.6) to 34% (RCP8.5) in February.

o The climatological mean state and 1979 to 2012 trend of the Arctic sea ice extent suggest
a nearly ice-free Arctic Ocean in September before mid-century (RCP8.5).

o By the end of the 21st century, the global glacier volume, excluding glaciers on the
periphery of Antarctica, is projected to decrease by 15 to 55% (RCP2.6), and by 35 to
85% (RCP8.5).

o The area of Northern Hemisphere spring snow cover is projected to decrease by 7%
(RCP2.6) and by 25% (RCP8.5) by the end of the 21st century.

o By the end of the 21st century, the area of permafrost near the surface (upper 3.5 m) is
projected to decrease by 37% (RCP2.6) to 81% (RCP8.5).
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Carbon

and Bio-
geochemical
Cycles

Climate
Stabilization
and
Irreversibility
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Climate change will affect carbon cycle processes in a way that will exacerbate the
increase of CO2 in the atmosphere. Further uptake of carbon by the ocean will increase
ocean acidification.

o Ocean uptake of anthropogenic CO2 will continue under all four RCPs through to 2100,
with higher uptake for higher concentration pathways.

o Based on Earth System Models, climate change will partially offset increases in land and
ocean carbon sinks meaning that more of the emitted anthropogenic CO2 will remain in
the atmosphere.

o Earth System Models project a global increase in ocean acidification for all RCP scenarios.
The corresponding decrease in surface ocean pH by the end of 21st century is in the range
of 0.06 to 0.07 (RCP2.6), 0.14 to 0.15 (RCP4.5), 0.20 to 0.21 (RCP6.0), and 0.30 to 0.32
(RCP8.5).

o Cumulative CO2 emissions for the 2012 to 2100 period compatible with the RCP
atmospheric CO2 concentrations range from 140 to 410 GtC (RCP2.6), 595 to 1005 GtC
(RCP4.5), 840 to 1250 GtC (RCP6.0), and 1415 to 1910 GtC (RCP8.5)

Cumulative emissions of CO2 largely determine global mean surface warming by the
late 21st century. Most aspects of climate change will persist for many centuries even
if emissions of CO2 are stopped. This represents a substantial multi-century climate
change commitment created by past, present and future emissions of CO2.

o A lower warming target, or a higher likelihood of remaining below a specific warming
target, will require lower cumulative CO2 emissions.

o A large fraction of anthropogenic climate change resulting from CO2 emissions is
irreversible on a multi-century to millennial time scale, except in the case of a large net
removal of CO2 from the atmosphere over a sustained period. Surface temperatures will
remain approximately constant at elevated levels for many centuries after a complete
cessation of net anthropogenic CO2 emissions.

o Due to the long time scales of heat transfer from the ocean surface to depth, ocean
warming will continue for centuries. Depending on the scenario, about 15 to 40% of
emitted CO2 will remain in the atmosphere longer than 1,000 years.

o lItis virtually certain that global mean sea level rise will continue beyond 2100, with sea
level rise due to thermal expansion to continue for many centuries.

o Sustained mass loss by ice sheets would cause larger sea level rise, and some part of
the mass loss might be irreversible. Sustained warming would lead to the near-complete
loss of the Greenland ice sheet over a millennium or more, causing a global mean sea
level rise of up to 7 m.

o Geoengineering methods aim to alter the climate system to counter climate change
have assessed the prospect of both Solar Radiation Management (SRM) and Carbon
Dioxide Removal (CDR) and their impact on the climate system. CDR methods have
biogeochemical and technological limitations to their potential on a global scale. Modeling
indicates that SRM methods, if realizable, have the potential to substantially offset a
global temperature rise, but they would also modify the global water cycle, and would
not reduce ocean acidification. CDR and SRM methods carry side effects and long-term
consequences on a global scale.

Note: RCP- Representative Concentration Pathway scenarios.
Source: Fifth Assessment Report (IPCC 2014)
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BANGLADESH SCENARIO: TRENDS AND PROJECTIONS

It is a widely known fact that Bangladesh is at a very risk due to its exposure
to climate change impacts and natural hazards. It seems likely that the
country will experience the widest range of effects and the severity of climate
change, which will include: erratic rise in average weather temperature;
more extreme and prolonged hot and cold spells; less rainfall in times of
dire need for agriculture, again prolonged monsoon causing excessive flood
and in-turn damaging agriculture; unexpected changes in the hydrological
cycle due to increased melting of glaciers and snow in the source areas of
Bangladesh’s rivers; more devastating tornadoes and cyclones; and sea level
rise causing displacement of people and settlements, intrusion of salinity
into freshwater regions and robust storm surges taking huge toll on life and
livelihoods (Pender 2008).

With a population density of 1045 people per sq. km (Ahmed 2012), which
is thought to be one the highest in the world, the adverse impacts of climate
change will trigger many unforeseen risks and vulnerabilities to millions
of people. Bangladesh, one of the largest deltaic countries of the world, is
considered highly susceptible to climate change induced disasters due to
its unique geographical location, flat and low-lying topography, vast area of
floodplains, low mean elevation relative to sea level, geological formation
etc. As a result, the country encounters many different kinds of recurring
natural hazards like droughts, floods, river and coastal erosion, cyclones and
tidal surge, thunderstorm, water logging, arsenic contamination, salinity
intrusion, tornadoes, cold waves, earthquakes, landslides, hailstorm etc.
These wide ranges of devastating natural disasters are said to be intensified
and adversely impacted by climate change. The simultaneity of these
natural events are often mixed with the high severity vulnerabilities of the
individuals, households and communities produces greater environmental
degradation, hunger, poverty, social deprivation and political conflicts, and
thereby obstructing the socio-economic development of the country (Shafie
and Rahman 2009: 25). In Bangladesh, we are yet to have comprehensive
national level analysis of vulnerability within a broader socio-economic,
cultural, political and policy contexts, and capturing shifts over spatio-
temporal scales.

The development in Bangladesh is not only impeded by the co-occurance of
these natural disasters, but also implies the severity of indirect and secondary
impacts, such as on the demand for goods and services and livelihood
opportunities. This has triggered growing concerns for the potential human,
structural and economic threats that natural hazards and climate change
impacts pose. Over the last few decades, both national and international
communities have been engaged in reducing the impacts of climate change
through climate change adaptation and through disaster risk reduction
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measures. However, we need to unfold the predicted effects of climate
change and disasters those are predicted to increase in number and severity.

Increase of Surface Temperature

Global surface temperature is likely to exceed 1.5°C (RCP scenarios) and 2°C
(RCP6.0 and RCP8.5) relative to 1850 to 1900 by the end of the 21st century.
Warming will continue beyond 2100 under all RCP scenarios (IPCC 2013).
Increase of mean surface temperatures for 2016-2035 relative to 1986-2005
will be 0.3°C to 0.7°C. The AR5 (IPCC 2013) suggests significant increase of
mean surface temperatures for 2081-2100 relative to 1986- 2005 will be 0.3°C
to 1.7°C (RCP2.6), 1.1°C t0 2.6°C (RCP4.5), 1.4°C to 3.1°C (RCP6.0), 2.6°C to
4.8°C (RCP8.5). People over most land areas would experience frequent hot
and fewer cold temperature extremes with heat waves of higher frequency
and duration. Tropical cyclone activity will be increased (IPCC 2013).

The coastal regions of Bangladesh, which are situated along the 700 km
coastline of the country, are prone to destructive cyclones along with huge

Map- 4.1: Tracks of Major Cyclones Affected
Bangladesh Coastline between 1960 - 2009
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tidal surge. Choudhury (1992) informs that South-Asian subcontinent very
often faces many dreadful cyclones which can be classified in respect to
their intensity as: (a) depression i.e. winds upto 62km/h; (b) cyclonic storm
i.e. winds from 63-87 km/h; (c) severe cyclonic storm i.e. winds from 88-
118 km/h; and (d) severe cyclonic storm of hurricane intensity i.e. winds
above 118 km/h (Choudhury 1992). The severity and frequency of cyclonic
storms in Bangladesh can be easily understood with the fact that the rate of
occurring cyclonic storms in Bangladesh is 1.3 per year having maximum
speed of 275 km/h (Chowdhury 2002). Different nomenclature is found
to be used in Bangladesh to denote these cyclonic storms such as tornado,
hurricane or only cyclone.

Even though Bangladesh faces only one percent of total cyclones taking
place in the world, due to high population density mentioned above fifty
percent of the world’s death from cyclones happens in Bangladesh (Pender
2008; Tanner, et al. 2007). The horrifying memory of the cyclones that hit
the coastal regions of Bangladesh in 1970 and 1991 still haunt the people of
the country. On 12 November 1970, a devastating cyclone hit the country
with an outrageous wind velocity of 224 km/h, which killed more than
half million people causing damage to more than 400,000 houses and
3,500 educational institutions. Again, on 29 April 1991 another ruinous
cyclone hit the country causing death to more than 150,000 lives and
homelessness to more than 10 million people (DS 2017). In Bangladesh
cyclones generally hit in early summer (usually April-late May) and during
October-November locally known as late rainy season. Among the recent
cyclones, SIDR is considered as most damaging as The Red Crescent Society
estimated causality of upto 10,000 deaths (DS 2017). This one occurred on
15 November 2007 with a wind speed of 223 km/h.

But, because of climate change it is projected that due to the increase in
global temperature frequency of tropical cyclones will be decreased by
6-34%. However, the intensity of these cyclones will increase by 2-11%
by 2100 which will undoubtedly be more damaging (Knutson, et al. 2010;

Graph- 4.1: Major Cyclonic Storms from 1960 to 2007 (>100 km/ hr)

w
=3
=4

35

250 30
25

20
15
10

Maximum Wind Speed (km/hr)
I
(=}

S
(=]
Tidal Surge Height (ft.)

75



Anthropology of Climate Change

Walsh, et al. 2016). It is said that in future tropical cyclones will be more
powerful accompanied by larger peak wind speeds and more heavy rainfall
coupled with ongoing increases of tropical sea surface temperatures (IPCC
2013). The graph 1.1 shows that the peak wind speed of major cyclones
made landfall in Bangladesh coastlines between 1960 and 2007, while the
forecast trend line (red color line) suggests a gradual increase in the wind
speed over this period.

It is also projected that sea level rise due to climate change will lead towards
retreating landward coastline and a steady decrease in the supply of sediment
to the shore. As a result, the drainage basin and river system will lose their
capability of delivering large amount of sediment to the shore.

Tidal surge becomes more threatening when it is added with powerful
cyclonic storm. This particular wind is considered more dangerous than
general cyclonic winds. Due to this wind, the abnormal rise in water level
results into severe flooding in coastal regions, damage of property and
wealth, shoreline erosion and most dangerously, loss of lives. It means, the
rise of the tide causes more catastrophic damages than the power of the
cyclonic storm. The aforementioned two ruinous cyclones of 1970 and 1991
can be cited here as proof of the claim. Both had exceptionally high tidal
surges of 33 and 22 feets respectively (BMD 2009; Pender 2008)

As there are some well-identified connections between wind speed, sea
surface temperature and the height of the storm surge, it is estimated that
climate change will intensify sea surface temperature which will increase
wind speeds and thus storm surge heights will increase from 15% to 25% in
the 2020s and 32% in the 2050s (IPCC 2013; Tanner, et al. 2007). A cyclonic
storm today with same magnitude of 1991 will produce a surge around 3
foots higher (Mohal and Hossain 2007) and will travel more towards the
inland than it did in 1991. The same rise will take place when it comes to
considering the number of people at risk. While it is 7.4 million people who
are at risk of storm surge, a cyclone similar to that of 1991 will put nearly 15
million people at risk by 2050 (Pender 2008).

Effects on Agriculture: The climate change will alter regional agricultural
systems, with consequences for food production. The specifics of the
impact will depend on how the effects of climate change are translated into
factors that determine the viability and utility of ecosystems. The effect of
rising temperature on agriculture in Bangladesh depends on a complex
combination of variables. These factors include higher Carbon-dioxide
levels, heat stress, higher evapo-transpiration, shorter growing seasons, soil
moisture levels, soil salinity and so on. However, it is expected that climate
change will result in overall lower production of most foodstuffs such as
most varieties of rice, wheat and potato (Challinor, et al. 2007; Howden, et
al. 2007; Smit and Skinner 2002). In Bangladesh, yield would be reduced up
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to 17-28% for rice and 31-68% in wheat production (Fischer, et al. 2002;
Karim, et al. 1996; Karim, et al. 1999). Evapotranspiration and loss of soil
moisture content because of warmer weather will be most severe during the
post-monsoon and pre-monsoon seasons especially considering already
diminishing rainfall in winter and erratic rainfall patterns, particularly
in the northwest of Bangladesh (Ahmed 2006). Pre-Karif or Rabi crops,
growing season from December—March, will be mostly affected.

Likely Impacts on Fisheries: Increased temperatures in water bodies will
affect fisheries sector in Bangladesh (Adger, et al. 2003; Ali 1999; Allison,
et al. 2009; Hug, et al. 2004). The rise in surface water temperatures would
adversely affect Bangladesh’s coastal shrimp farming industry. With a
temperature rise over 320 C, the death rates of small shrimp will become
higher. Moreover, shrimp growth will be reduced due to increased algal
bloom in warmer water (Ahmed 2006). The availability of important fish
foods such as plankton and snails will be decreased, and marine fish habitat
and growth of fish species will be impeded because of factors including
increased ocean temperature, changing ocean currents, and increased water
acidity due to more dissolved carbon dioxide (Board and Council 1999;
Jennings, et al. 2009; Pender 2008). As a result, marine fishing industry of
Bangladesh will sustain significant loss by reducing catch size (Botsford,
et al. 1997; Jennings, et al. 2009; Naylor, et al. 2000; Peters, et al. 2006;
Pinkerton 2009; Turner, et al. 1999).

Rise of Temperature and Human Health: Warmer weather will have
direct correlation with child- and old-age mortality due to overheating and
dehydration (Patz, et al. 2005). Extreme weather events have already increased
in frequency. This has exacerbated mortality across South Asian countries
(McMichael, et al. 2006). Bangladesh has also experienced increased cold
waves over the last decade (Roach 2005; Simms and Johnson 2007). Warmer
weather and changing rainfall patterns will result in the outbreak of water borne
diseases (Githeko, et al. 2000; Hales, et al. 2003; Haq 2005; Kovats and Alam
2007; Patz, et al. 1996). Death cases of malaria will be significantly increased
due to temperature rise (Rahman, et al. 2007). Climate change will accelerate
the spread of Dengue Fever in Bangladesh (Guha-Sapir and Schimmer 2005;
Hales, et al. 2002; Patz, et al. 1998). Increasing sea surface temperatures with
favorable growth of phytoplankton along coast of Bangladesh, which will
facilitate the survival and spread of infectious bacterial diseases such as cholera
(Colwell 1996; Cruz, et al. 2007; Hales, et al. 2003; Patz, et al. 2005).

Table— 4.2: Projected Effects of Weather and Climate on Human Health

Deaths from cardio-respiratory disease increase with high and low temperatures.

Heat Stress )
Heat-related illness and death due to heat waves.
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Air Pollution-related
Mortality and
Morbidity

Health Impacts of
Weather Disasters

Mosquito-Borne
Diseases, Tick-

Borne Diseases (e.g.

Malaria, Dengue)

Water-/ Food-Borne
Diseases

Weather affects air pollutant concentrations.
Weather affects distribution seasonality and production of aeroallergens.

Floods landslides and windstorms cause direct effects (deaths and injuries)
and indirect effects (infectious disease, loss of food supplies, long-term
psychological morbidity).

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

Vector species require specific climatic conditions (temperature humidity) to be
sufficiently abundant to maintain transmission.
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 disease have been associated with
contamination caused by heavy rainfall and flooding, associated with inadequate

sanitation.
Increases in drought conditions may affect water availability and water quality
(chemical and microbiological load) due to extreme low flows.

Source: Kovats and Akhtar 2008: 167.

Changes in Water Cycle

Changes in the global water cycle over the 21st century will not be uniform,
according to the AR5 (IPCC 2013). The contrast in precipitation between
wetand dry regions and between wet and dry seasons will increase with some
regional variations. The IPCC assessment projects changes in the water cycle
at the regional scale, which will be strongly influenced by natural internal
variability and may be affected by anthropogenic aerosol emissions. RCP8.5
scenario predicts decrease in mean precipitation in many mid-latitude and

Graph-— 4.2: Comparison of Soil Salinity Status in the Coastal Districts of Bangladesh
(1973 and 2000)
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subtropical dry regions unlike the annual mean precipitation increase in
high latitudes, mid-latitude wet regions and equatorial Pacific Ocean. Area
encompassed by monsoon systems will increase on global scale over the
21st century. Monsoon winds will be weaken and monsoon precipitation
will be intense due to increase in atmospheric moisture. Monsoon season
will be lengthened in many regions due to earlier onset and delayed retreat
dates. There will be significant increase in the intensity and/ or duration of
drought (IPCC 2013).

Salinity Intrusion in Coastal Bangladesh: Intrusion of saltwater from
the sea and contamination of local groundwater source and freshwater
aquifers has become an emerging problem in the low-lying coastal regions
of Southern Bangladesh. Salinity in this region has already increased and
is likely to be increased in future due to many various reasons of which sea
level rise, reduction in freshwater inflows from upstream especially from
the trans-boundary Ganges River, siltation occurring to the tributaries of
the Ganges that flow through Bangladesh, siltation of other rivers due to
empoldering effect are few of the main reasons (Dasgupta, et al. 2014a: 4).
For example, Pussur River at Mongla has already witnessed a robust increase
of salinity from 2ppt in 1962 to 20ppt in 2008 (Dasgupta, et al. 2014a). The
dry seasons come with more concentration of salinity due to decrease in
freshwater flow from upstream sources.

While the number of people exposed to high salinity (>5 ppt) is about 6.0
million people now, this number is expected to increase to 13.6 million
by the year 2050 and 14.8 million by the year 2080 (Mohal and Hossain
2007; Pender 2008). Salinity has already cast enormous negative impacts
on health, agriculture, aquaculture, coastal ecosystem, fresh and drinkable
water supply. It was found in a study Khulna, Bagerhat and Satkhira
districts of Southwest Bangladesh that due to increased salinity Aman rice
cultivation will reduce from 88% to 60% with 32 c¢m rise in sea level and
12% with an 88 cm rise in sea level (CEGIS 2005 cf. Pender 2008: 35). At
this juncture it must be noted that critical salinity level for agriculture is 2
ppt and projection says that in Bangladesh “area with salinity less than 2ppt
is expected to decrease by 11.1 percent in the best case future scenario and
by 29.7 percent in the worst case future scenario” (Dasgupta et.al 2014:25).
If that happens, we can easily assume the devastating effect that we will face
in future regarding agricultural yield.

Networks of rivers and canals characterize the coastal areas. These are fed
by seawater during every tide and are left behind with saline water in the
canals, water bodies and on the soil of these areas. Saline water, which enters
seasonally, begins to penetrate inland during winter season, and the affected
areas rise sharply from 10 percent in the monsoon to over 40 percent in the
dry season (GoB 2007). Agricultural production, agricultural land, agraic
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practice, fisheries, livestock, mangrove forests and livelihood pattern are
largely affected by salinity intrusion. It is observed that the trend of dryness
owing to the short river flow has been resulted in the spreading of the
salinity inside the country leaching with both surface and ground water.
Additionally, barrages and embankments constructed to control hydraulic
monopoly at the upper streams have reduced water flow from the catchment
areas to wash away the salinity that enters into the land areas and hence, the
increase of salinity goes on unabated. Again, during the rainy season, the
inflated water from the rivers and canals let the saline water spread over the
surrounding areas.

Bangladesh has been experiencing higher rate of salinity intrusion in recent
years, causing serious damage to the normal agraic activities and livelihood
resources. It has devastated the sources of livelihoods primarily of the
farming communities. The general occupation of the inhabitants of this
region had been farming, mostly based on rain fed paddy cultivation. Due to
salinity intrusion, normal agricultural products cannot be grown well now-
a-days. According to Shafie et al (2009), before the region went through the
intrusion of higher salinity, most of the people of the Southwest Bangladesh
were engaged in cultivating normal agricultural products, especially Aman
and Boro paddy (Shafie, et al. 2009). However, due to increase in salinity
intrusion, normal agricultural products cannot be grown any more. This

Map- 4.2: Surface Water Salinity in Southern Bangladesh
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altered circumstance in the ecology has compelled the farmers to change
theirlivelihood pattern. Seeing no other option at their disposal, farmers have
adopted measure to use salinity by cultivating products like shrimp, prawn,
crab etc. “The Daily Star (28 February 2005) reported that in Shyamnagar
upazila of Satkhira district, salinity has affected 88 percent of the cultivable
lands. The survey also shows that the lands under shrimp cultivation have
been increased to 115 lakh hectares now from 1300 hectares in 1975 in
Bagerhat and Khulna region. Again, the survey showed that Satkhira was
the worst affected area where about 1.47 lakh hectares out of total 2.28 lakh
hectares of cultivable lands were contaminated with salinity. It also showed
that waters of 56 percent of rivers and canals in the south-west region are
highly affected by salinity” (Shafie, et al. 2009: 146). The poor farmers of
these areas, being unable to maintain their livelihood, migrated to urban or
semi-urban areas outside.

Scarcity of fresh drinking water is another imminent problem that the people
of Southwest Bangladesh have been suffering caused by salinity. Shafie et al
(2009) reports that a team of researchers from Water Aid Bangladesh carried
out a study in Assasuni and Shyamnagar upazilas of Satkhira for finding out
the degree of scarcity of drinking water induced by salinity. It was found in
that study that women and adolescent girls have to collect drinking water
from a nearby deep tube well at a distance of 3-4 km. Due to the distance of

Map- 4.3: Soil Salinity in Southern Bangladesh
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tubewell and the long queue there they do not get enough time and energy to
give adequate time to other household duties like cooking, bathing, washing
clothes etc. The situation thus very often results into domestic disagreement
and quarrel. This burden for fetching fresh drinking water from a far away
tube-well has become a double burden for women with advanced pregnancy
and having breastfeeding babies. These additional burdens bring various
diseases for the womenfolk which has a chain effect. For example due to
recurrent sickness sometimes, a poor family cannot collect water. In those
situations they have depend on water vendors, which cost them Taka 10 for
per pitcher. In order to avoid the extra financial burden they instead prefer
to drink saline water. And since women enjoy lack of mobility in the society
and hence remain in the household most of the time they are the prime
consumers of saline water within their family leading them to be the worst
victims of diseases indicated above (Shafie, et al. 2009: 146-147).

Salinity intrusion is also causing stagnancy in industrial sector investment
since freshwater supply is necessary to start industrial activities. Many of
the industries have already been shifted to elsewhere. This overall stagnation
has again affected the buying capacity of the local people since there remains
a huge absence of non-farm activities in the entire saline prone region.
Salinity is also creating harmful impacts on the biodiversity of the area.
Shafie et al (2009:146) inform us that the forest department officials have
reported ‘top dying’ disease suffered by about 75 lakh trees of Khulna and
Satkhira (Shafie, et al. 2009). Due to the decline in biodiversity local people’,
especially the poor, wellbeing in respect to nutrition is highly threatened
now. It has been observed that in rural areas of Bangladesh “low-value, wild,
small freshwater fish are the most common fish consumed in rural areas and
the most important source of dietary protein” (Belton, et al. 2011; Dasgupta,
et al. 2014a; Dasgupta, et al. 2014b; Dasgupta, et al. 2017; Thilsted 2012;
Thilsted, et al. 2010). Another study has observed that rural poor people
now can’t even afford to buy small fishes in adequate quantities so as to
ensure equitable share among the household members (Roos, et al. 2007).
Moreover, it is easy to assume that the womenfolk are the first one to get
deprived of fish intake causing them the easy target for malnutrition. Due
to salinity intrusion, freshwater fishes are also in great decline and as a
result, fishermen depending on freshwater catch are under pressure to give
up their profession. The data provided by the forest department indicates
decline in fruit bearing trees and hence suggests us to assume that children
cannot take vitamins and essential minerals they used to obtain from fruit
previously. The overall scenario thus takes us to the conclusion that the
public health in this region has been facing a great threat. Again, decreasing
grazing lands are producing an adverse impact on cattle heads which are
also are declining fast in the areas. It is also affecting the economy and
livelihood of the poor people.
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Erratic Rainfall: The southwest monsoon dominates the summer over
South Asia during June to September and influences the seasonal cycles.
The Fifth Assessment Report predicts that area encompassed by monsoon
systems will increase on global scale over the 21st century. Monsoon winds
will be weaken and monsoon precipitation will be intense due to increase
in atmospheric moisture (IPCC 2013). Monsoon season has already been
observed to be lengthened in Bangladesh due to earlier onset and delayed
retreat dates. Furthermore, a warmer, moister atmosphere is also likely
to lead to heavier rainfall during the monsoon (IPCC 2007). Bangladesh
is likely to observe mean increase in rainfall during the summer monsoon
and being wetter by 1-11% by 2030, 3-17% by 2050 and 4-29% by 2100
(Tanner, et al. 2007).

Bangladesh is geo-morphologically formed at the confluence of the world’s
largest trans-boundary river systems including Ganges, Brahmaputra and
Meghna rivers and their tributaries. In the wider context of the Ganges—
Brahmaputra-Meghna basin, rainfall in the monsoon will be increased
from 4-8% by the 2020s and 9-10% by the 2030s, while winter rainfall is
expected to reduce by 4-5% by 2050 (Tanner, et al. 2007). Located at the
receiving end of this river system, the land territory is being intersected
by more than 300 rivers, having a total length of 24,140 kilometers (BBS
2006), flowing towards the Bay of Bengal. The catchment area of the GBM
river system comprises 1.74 million km?* and Bangladesh is the gateway of
draining approximately 5000 cubic meters per second during the driest
period (March-April), to 80,000-140,000 m*/s in late August to early
September (Tanner, et al. 2007). As a result, higher rainfall in the upstreams
of this river system outside Bangladesh causes frequent and severe floods.

The trans-boundary rivers in Bangladesh account for 80 per cent of the
total fresh water availability (Gain and Giupponi 2014; Islam 1992; Mirza
2006). These rivers serve as the main source of water for irrigation and
sweet-water fishes, as well as they are the principal arteries for commercial
transportation. This is the reason why cooperation for the management of
the trans-boundary Rivers is crucial for Bangladesh. It has been found that
the diversion of water of river Ganges by building Farakka barrage in India
has caused reduction of surface water availability and also contributed to
the desertification process in western districts in Bangladesh (Gain and
Giupponi 2014; Mirza 2006; Rahaman 2009). River Garai, which is the
only source of fresh water supply to southwestern region, has reduced
significantly because river Ganges no longer carries enough water to flush
the tributaries (Adel 2001; Khan 1996). A treaty was sign between India
and Bangladesh regarding the Ganges water sharing 1996 (Faisal 2002;
Nishat and Faisal 2000). However, the construction of the polders and
embankments resulted into another the massive anthropogenic impact to
the natural water ecosystem in Bangladesh in the southwestern region. The

83



Anthropology of Climate Change

building of polders in 1960s caused drainage problems and water logging
in the area. These polder systems delinked the wetlands from the rivers
and caused enormous drainage problems and water logging, which led to
significant change in the ecosystem of the wetlands (Haque, et al. 2015; Islam
2006; Nowreen, et al. 2014; Rahman and Rahman 2015; van Staveren, et al.
2017). Besides, evidences suggest, with the agricultural intensification there
has been rapid increase in water use for irrigation resulting in to significant
fall in the ground water table in south-western coastal region (Khatun 2004).
Salinity problem is also increasing, as shown in Figure- 4.2, in the coastal
districts of Bangladesh, because of sea level rise and fall in the flow of the
upstream rivers, which make it possible for the saline water to penetrate up
to 240 kilometers inside the country (Shamsuddoha and Chowdhury 2007).
Expansion of shrimp culture also led to significant increase in soil and water
salinity in southwestern districts (Guimaraes 2002: 271; Mirza 1998).

Loss of Biodiversity: The species diversity in Bangladesh will be at risk
due to climate change. The wetlands of Bangladesh are the habitat of rich
diversity of 400 species biodiversity, which will be at risk due to changes in
the water cycle induced by climate change (Pender 2008). The Modhupur
and Barind tract region will loose flora and fauna diversity due to increased
evapotranspiration, drought and moisture stress. Flash floods and erosion
due to heavier rainfall will damage hill forests in Chittagong Division. The
Sundarbans will sustain the highest damage severely affected (Ahmed, et al.
1999; Donato, et al. 2011; Duke, et al. 2007; Giri, et al. 2011). The Sundarbans
is the largest mangrove forest in the world covering an area of about 1 million
hectares of which about 60% lies within Bangladesh (Ahmed, et al. 1999;
Islam 1994). The Sundarbans is already tidal and saline but with increasing
sea level allowing saline water to penetrate further with tidal and storm
surges; higher evapotranspiration due to hotter weather; and a reduction of
freshwater in the dry season flowing into its rivers due to changing rainfall
patterns; it is expected to get more saline (Ahmed, et al. 1999; Pender 2008).
The Sundarbans will be reduce from 60% to 30% in the year 2100 with 88
cm SLR (Hassan and Shah 2006; Hossain, et al. 2016; Mohal and Hossain
2007; Pethick and Orford 2013). In a worst case scenario 32 cm of sea level
rise may flood 84% of the Sundarbans possibly by 2050 and with an 88 cm
sea level rise possible by 2100 the whole of Sundarbans will be lost (Mohal
and Hossain 2007; Pender 2008).

Sea Level

Because of the changes in natural processes such as terrestrial water shortage,
over extraction of ground water, building of reservoirs, changes in runoff,
and seepage into aquifers, changes in the circulation of surface and deep
ocean, storm surges, subsidence in river delta region, tectonic displacement,
thermal expansion, exchange of the water stored on land by glaciers and ice
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sheets with ocean water are the significant reasons that result into the rise of
sea level (IPCC 2013).

Sea level rise varies geographically. Apart from global reasons, each
geographic location has its own dynamics, which can also act as additional
factors. For example, displacement of tectonic plate can be treated as an
imminent threat to coastal Bangladesh since the region “is very gradually
sinking due to the weight of the silt being deposited by its rivers and the
continued rise of the Himalayas that is slightly tipping Bangladesh seawards;
‘compaction of peat layers’ which are soft layers of organic dead plant and
animal material that are gradually being squeezed tightly together by the
weight of the land above; and ‘human activities’ such as removal of water
from the ground for irrigation which speeds up compaction and the building
of dams, dyke, embankments and other measures to prevent floods, for
these prevent new layers of silt raising the land level as older layers compact
and sink” (Mohal and Hossain 2007; Pender 2008).

It has already been reported that movements in tectonic has caused the
ground level in Bangladesh to fall down slightly along with a subsequent
impact on sea level which is rising by 4.8 millimeters per year. Moreover, if
this continues, within 20 years the country will see a rise by 8.16 centimeters
(Butzengeiger and Horstmann 2004: 6). According to Butzengeiger and
Horstmann, if the sea level rise by 45 centimeters then the country may
lose 15,600 square kilometers and if it is by one meter without any dyke
enforcement measure being taken then one fifth of Bangladesh i.e. 14,000 to
30,000 square kilometer will go under water (Butzengeiger and Horstmann
2004). This permanent loss of land will be followed by increased and
prolonged flood covering more new areas that have never experienced
flood before, threat of epidemics during and after flood as the country has
inadequacy in sanitation, increase in malaria infections and many other
water born diseases due to the expansion of wetlands.

Scientists and researchers have many opinions regarding the impacts of sea
level rise on Bangladesh. Apart from decrease in agricultural production,
livestock, and aqua-cultural species the entire ecosystem of the country will
be jeopardized largely. One worrisome example is the Sundarbans, which
has been recognized as part of World Natural Heritage by UNESCO. It is
anticipated that if climate change and sea level rise keep continuing at this
unabated rate then Sundarbans ecosystem will be highly damaged followed
by the extinction of Bengal Tiger, mangrove swamps and many hundreds
of water species like marine turtles, crocodiles, fresh water dolphins (locally
known as Irabati Dolphin) etc. The disappearance of Sundarbans ecosystem
will lead to loss of livelihood of over 2 million forests dependent people who
live on forests products like honey, shells, crabs, fish, wood and many so on
(Butzengeiger and Horstmann 2004).
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Bangladesh has been ranked as the 3rd most vulnerable in the world to sea
level rise in terms of the number of people and in the top ten in terms of
percentage of population living in the low elevation coastal zone. Therefore,
the threat of the communities being forced away due to the effects of
climate change is one of the most severe on earth (McGranahan, et al. 2006;
McGranahan and Satterthwaite 2006). Currently almost 40 million live in
the coastal areas of Bangladesh but depending on the rate of population
growth, by 2080 when the situation begins to get more serious it could be
between 51-97 million in this vulnerable area. In year 2050 assuming a sea
level rise of 27 cm, around 26 million people will be at a low risk and almost
7 million will be at medium risk of flooding, of which 58% of these people
will be from Khulna, Jhalokati, Barisal and Bagerhat districts. In year 2080
assuming a sea level rise of 62 cm, 17 million, 12 million and 14 million
people are expected to be at low, medium and high risk respectively, of
being permanently flooded by the sea (Mohal and Hossain 2007).

The total length of the Bangladesh coastline is 710 km long (Mohal and
Hossain 2007) and historically, the coastline has been undergoing erosion
and deposition (Best, et al. 2003; Islam, et al. 1999). However, the balance
between erosion and deposition is being affected by climate change. With
the rise of 2 cm in sea level, the coast may go back to 80-120 meters by the
year 2030 implying that the Cox’s Bazar beach will be completely submerged
(Hossain and Sakai 2008; Hossain, et al. 2008; Islam 1994). Approximately,
5,800 hectares of land could be lost due to sea erosion by 2030 and 11,200
hectares by 2075 (Hossain, et al. 2008; Islam, et al. 1999). Grain production
will be reduced significantly and a large number of people will be displaced.

Natural drainage system will be obstructed resulting congestions due to
climate change (Tanner, et al. 2007). Drainage congestion will be resulted
from a number of factors: rivers gradients will be reduced due to backwater
effect of sea level rise; subsidence of earlier deposits of sediment will reduce
river flows; siltation of estuary branches will obstruct channels and thereby
river flows; riverbed siltation will reduce water discharge; and reduced
sedimentation in flood-protected areas will result in uneven land elevation
(Pender 2008). All these causal factors with generate drainage congestion
and increase waterlogging. Disease outbreak, crop failure, population
displacement and similar associated problem will become more frequent
and intensified (Mohal and Hossain 2007; Pender 2008). It is estimated that
sea level rise would force around 33 million of their land by 2050 and up
to 43 million of their land by 2080 due to sea level flooding (Mohal and
Hossain 2007). Accounting the compound effects of salinity, river gradient
reduction, drainage congestion, erosion and other indirect effects of sea
level rise, the entire coastal population constituting 51-97 million will be
effected by 2080.
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Flooding Scenario: Bangladesh is known to be a “Land of water or better
still water in land” (Novak 1993). However, there is a paradox in terms
of availability of water in the country. Water problems fall between the
extremes of flood during monsoon and scarcity during the dry season
(Rahman 2005). Apart from seasonality, trans-boundary river issue is a
major factor causing water problem. In addition to these two factors, in the
southwestern region intrusion of saline water is linked to water scarcity. Asa
matter of fact, the level of the problem regarding water scarcity varies across
regions and in different region it is compounded or intensified by multiple
different factors. Nevertheless, in some regions water crisis has become a
vital concern for livelihood and food security in Bangladesh. The National
Water Policy (1998) of Bangladesh identifies the flood mitigation and
seasonal water scarcity as the most critical problems. Besides, massive river
sedimentation, bank erosion, water quality management including arsenic
contamination and salinity are considered major problems in the Water
Policy. For sustainable water management coordinated effort concerning

Map- 4.4: Different Types of Flood Affected Areas
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international river basins like the Ganges basin, the Brahmaputra basin and
the Meghna basin is given much importance in the policy document.

The effects of increased flooding, both coastal and riverine, flooding resulting
from climate change will be the greatest problem faced by Bangladesh.
Bangladesh experiences frequent flooding. The monsoon floods are a
consequence of the country’s low topography and its location at the end
of the world’s most concentrated river and draining network system. As
about 60% of the country is lower than 6 meters above sea level with an
average river gradient of only 6cm/km in the delta (Pender 2008). Upstream
rainwater beyond the national border often results in reduced channel flow
and consequent overland runoff water. Factors in catchment areas beyond
the national borders lead to reduced channel flows and consequent flooding
of land. These factors include heavy rainwater, river siltation, while human
intervention (such as construction of barrages and protective works along
the banks of the river and deforestation in the upper reaches of the rivers)
are not only brining accelerated water flow downstream, but are also causing
deposition in river beds.

In recent years, the frequency of floods has increased substantially, causing
serious damage to lives and property. The 1988 flood affected about two-
thirds of the country’s total area. The 1998 flood, which remained for 65 days
from July 12 to September 14, affected about 67% of the area. It caused 1,100
deaths, made 30 million people homeless, damaged 500,000 homes and
caused heavy loss to infrastructure. This devastating flood had an enormous
impact on the national economy, in addition to causing hardships for people
and disrupting livelihood systems in both urban and rural areas. In 2000,
Bangladesh faced an unusual flood over its usually flood-free south western
plain, which also caused loss of life and massive damage to property. In
2004, floods inundated about 38% of the country (WARPO, 2005) and some
747 people lost their lives. Around 2,500 kilometers of embankment were
damaged and 74 primary school buildings were washed away.

Flooding is the most severe hazard in Bangladesh in respect of frequency
and the magnitude of damage caused. Flooding affects every aspect of
livelihoods, including natural resources, physical resources, social resources,
economic or financial resources and human resources. Flooding is seen by
Bangladeshi people as the most important disaster event, ahead of drought
and cyclones. The history of floods goes hand in hand with the history of
land formation in Bangladesh. Floods are annual phenomena with the most
severe occurring during July and August. Regular river-floods affect 20% of
the country - increasing to 68% in extreme years. About 68% of the country
is susceptible to flooding, while 25% to 30% of the area is inundated during
times of normal flooding (GoB 2007). Annually, around 20% of the country
is temporarily flooded but in extreme cases this may rise to as high as 70%
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of the country (Mirza 2002). Climate change will increase about 18% of
current lowly flooded areas will be susceptible to higher levels of flooding,
and about 12-16% of new areas will be at risk of flooding of various levels,
while in an average year flood prone areas will increase from 25% to 39%
(Ahmed, 2006).

Other types of floods include flash floods, caused by the onrush of hilly rivers
in Eastern and Northern Bangladesh, and storm surges induced by coastal
floods. Flash floods occur in the eastern and northern rivers, along the
borders of Bangladesh and they are caused by exceptionally heavy rainfall
occurring over neighboring hills and mountains in India (Mirza 2002),
and tend to occur between April-May and between September—-November
(NAPA, 2005). Climate change is likely increase flash flooding in the Sylhet
and Chittagong Divisions as heavy rainfall leads to a rapid rise and fall in
river levels as it flows quickly down from the hills (BCAS 1994).

Map- 4.5: Major River Erosion and
Accretion between 1997 - 2015
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River Bank Erosion and Accretion: Morphologically, Bangladesh’s rivers
are highly dynamic. The main rivers are braided and form islands or chars,
where many people live. The rivers erode every year— often several times
a year— and that has dramatic consequences for the lives and livelihoods
of people living in those areas. River bank erosion is a form of hydraulic
action, whereby the force of the water wears away the riverbank from
below. Erosion may also be increased by factors such as redirection and
acceleration of flow, removal of protective vegetation from banks, intense
rainfall events, and inundation of bank soils. As most of the country is made
up of soft silt soils, riverbanks are very washed away by river currents and
wave action. River bank erosion includes channel shifting, the creation of
new channels during floods, bank slumping due to undercutting and local
scour from turbulence caused by obstruction (Ahmed, 2006).

A 1991 study concluded that 100 of the country’s 462 administrative units
were subject to some form of riverbank erosion; and of those 35 were
serious, affecting about 1 million people every year. Around 10,000 hectares
of land are eroded annually by rivers (NWMP, 2001). A CEGIS study in
2005 showed that bank erosion along Padma River between 1973 and 2004
claimed 29,390 hectares, while 87,790 hectares were lost along the Jamuna
River from 1973 to 2004. Erosion accelerates acute poverty by producing a
significant number of environmental refugees.

River bank erosion is experienced every year. It causes massive loss of
land, settlements, roads, embankments and other infrastructures. In 2004
it destroyed 702 hectares of land, 139 hectares of settlements, 160 miles of
district roads, 571 miles of upazila roads, 248 miles of rural roads and 3,724
miles embankment in Sirajganj district alone (CEGIS, 2005). The BWDB
estimated that 1,200 km of riverbank has been actively eroded and more
than 500 km has been facing severe problems related to erosion, and every
year despite some deposition of silt, a net area of 8,700 hectares of land was
being lost (Ahmed, 2006). Another estimate suggests that a million people
are pushed off their land by river erosion each year and many of these end
up permanently displaced (Christian Aid, 2006).

Drought and Aridity: Droughts and aridity have caused considerable
economic losses and human sufferings in Bangladesh. An analysis of the
relative effects of flood and drought on rice production between 1969-70
and 1983-84 shows that drought is more devastating than floods to aggregate
production (World Bank, 2000). The Northwest part of the country is
generally considered as the drier region than other parts of Bangladesh. This
research, however, capture indigenous knowledge and coping strategies
related to drought and aridity in several research sites located in Barind
Tracts (the districts within), arid char-lands of Gaibandha, Kurigram and
Nilphamary districts.
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Drought appears to be a creeping phenomenon in Bangladesh. The effects
of drought accumulate slowly over a considerable period of time, and may
linger for years after the termination of the event. The Northwest part is
prone to drought mainly because of rainfall variability in the pre-monsoon
and the post-monsoon periods. Inadequate pre-monsoon showers, a delay
in the onset of the rainy season or an early departure of the monsoon may
create drought conditions in Bangladesh, and adversely affect crop output.
Again, drought episodes transpire when precipitation has been significantly
below normal recorded levels, resulting serious hydrological imbalances
that adversely affect land resources production systems.

Consequently, during the dry period, the ground aquifer level goes below
8.95m to 18.56m in some regions of Northwest Bangladesh (MoEF 2002).
This indicates that most of the shallow tubewells go below the suction lift
capacity having severe implications for terrestrial vegetative cover and
aggregated agricultural yields. Drought acts as a catalyst of land degradation
through reducing soil moisture and water retention capacity, and thereby
increasing soil erosion, decline in soil organic contents and overexploitation
of sparse vegetation. Human interventions may have exacerbated these
actions during the spells of periodic droughts.

After 1971 Bangladesh has experienced droughts of major magnitude in
1973, 1978, 1979, 1981, 1982, 1989, 1992, 1994, and 1995 (MoEF 2002). Past
droughts have typically affected about 47 percent area of the country and
53 percent of the population. However, Bangladesh does experience long
spells of dry weather and moderate to severe droughts are spread over a
region of 5.46 million ha and 33 percent of total land acreage in Bangladesh
falls below the minimum threshold for sustainable cultivation. For instance,
the droughts of 1994-95 in the Northwest districts of Bangladesh led to a
shortfall of rice production of 3.5 million tons (Paul, 1995).

The Rabi and pre-Kharif (January — May) agricultural seasons are likely to
be affected by drought (Karim et al., 1990) due to: (1) the cumulative effect
of dry days; (2) higher temperatures during pre-Kharif (>40 degrees Celsius
in March - May); and (3) low soil moisture availability. This drought affects
all the Rabi crops, such as HYV Boro, Aus, wheat, pulses and potatoes,
especially where irrigation possibilities are limited. It also affects sugarcane
production. Kharif droughts during June to October, caused by sub-humid
and dry conditions, affects the critical reproductive stages of transplanted
Aman crops resulting significant yield reduction, particularly in those areas
with low soil moisture holding capacity.

Water is the main limiting condition for human adaptation in the drought
prone regions. The people had to depend mainly on rain water for cultivation
that does only allow mono crop (single crop throughout the year). The crop
production is rarely met the demand of increasing number of population,
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and again the expected production sometime affects mainly by the natural
calamities. The context of climate change and geopolitical aftermath of
Farakka Barrage have also exposed the region to increased and prolonged
drought. The introduction of deep tube-well irrigation by the BMDA has
yielded significant change in the production scenario, but still many areas
located in upper Barind remain outside of having irrigation facilities due to
the unavailability of the ground aquifer as well as for unfavorable geological
conditions. Consequently, people are always being chased by famine or near
famine like situations.

Besides these physical conditions, the socially generated pervasive processes
of inequality in the distribution of goods and services, exclusion of the
minority and indigenous communities, and other concomitant factors
accelerate the sufferings of people intensifying wide-scale food insecurity
in that region. Again, domestic agriculture itself depends upon a variety of
imported inputs such as fertilizer, fuel and machinery. Small family firms
suffer from crises, such as a harvest failure or animal disease, or natural
disasters, especially drought, which significantly disrupts the domestic food
supplies in an uncertain market.

Drought aftermaths multiplied by concomitant social pragmatics have
cumulative bearing upon the socio-economic conditions and livelihood
support systems of people living in those regions. It causes scarcity of fresh
drinking water, reduces the prospects for irrigation and thereby diminishing
of the food security base of human beings as well as livestock. Drought also
reduces availability of biomass for fuel and significantly causes bio-diversity
loss. It affects the state of health and nutrition of the population, and above
of all, drought intensifies poverty.

Cryosphere and Melting of Himalayan Glaciers

The AR5 predicts that the Arctic sea ice cover will continue to shrink and
spring snow cover of northern hemisphere and global glacier volume will
decrease as global mean surface temperature rises (IPCC 2013). The spring
snow cover of northern hemisphere is projected to decrease by 7% (RCP2.6)
and by 25% (RCP8.5) by the end of the 21st century. The AR5 also says
that the climatological mean state and 1979 to 2012 trend of the Arctic sea
ice extent suggest a nearly ice-free Arctic Ocean in maputra traces their
origin in the Himalayan glacial snowfields, which store about 12,000 km®
of freshwater, (Pender 2008). The Himalayan glaciers are at risk of being
complete disappearance by the 2035, since these glaciers are melting at an
accelerating pace than anytime before (Immerzeel, et al. 2012; IPCC 2014;
Kehrwald, et al. 2008). In the Himalaya-Hindu Kush Mountains, melt-
water from glaciers feeds seven of Asia’s largest rivers, including 70% of the
summer flow in the Ganges, which provides water to around 500 million
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people, including much of the population of Bangladesh (Stern 2006).
Faster melting of Himalayan glaciers is likely to increase water flowing
down rivers like the Ganges in the spring and monsoon months, which

already contributes along with rainfall to causing devastating river floods in
Bangladesh (Ahmed 2006).
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Image-11: Seedbed Preparation near Water Source (Photograph by Shuvashish Sarker).
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Image-12: Children Playing on the Sandy Bank of Dying Stream (Photograph by Mohosin Kabir).
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Image-13: Deposition of Silt and Formation of Charland (Photograph by Shuvashish Sarker).




Chapter Five

BACKGROUND AND CURRENT STATE OF CLIMATE

This chapter briefly reviews changes in climate indicators and assesses the
likely risks portfolio of climate change impacts for the different unions of
the study areas. Bangladesh has a humid, warm, tropical climate. Its climate
is influenced primarily by monsoon and partly by pre-monsoon and post-
monsoon circulations (Rashid and Shafie 2013; Rashid 1991). Bangladesh
has four prominent seasons: Winter (December to February), Pre-monsoon
(March to May), Monsoon (June to early-October), Post-monsoon (late-
October to November). The dry season begins first in the west—central part
of the country by December, where it lasts about four months. It advances
towards the east and south, reaching the eastern and southern margins by
January where its duration is about one and a half months. The monsoon has
its onset during the beginning of June and ends at the first week of October,
with some inter-annual variability in schedule. The southwest monsoon
originates over the Indian Ocean and carries warm, moist, and unstable air.
The mean annual rainfall is about 2300mm, but there exists a wide spatial
and temporal distribution. The average annual rainfall varies from 1329 mm
in the Northwest to 4338 mm in the Northeast (Rashid 1991).

Inundation level classifies land area into four types: highland areas— above
the normal flood-level; medium highland- normally submerged under
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90 cm water during the flood season; medium lowland- normally remains
flooded between 90 cm and 180 cm during the flood season; lowland- usually
remains flooded between 180 cm and 300 cm during the flood season; and
very lowland- mostly remains flooded deeper than 300 cm during the flood
season. There are also depression sites that remain wet throughout the year.
This scaling of inundation level is somewhat flexible, because the depth varies
between years and because the peak level may remain only for a few days.
The average relative humidity for the whole year ranges from 70.5% to 78.1
% with a maximum in September and a minimum in March (Rashid 1991).

ASSESSING CLIMATE RISKS IN ASSASUNI UPAZILA
Climatic Hazards in Assasuni

The major climatic hazards in Assasuni upazila are river erosion, water
logging/ flood, shrimp viruses, kalboishakhi (storm in the month
of Boishakh), salinity, scorching heat (warming), excessive rainfall,
thundering and arsenic. Local inhabitants think that these disasters cost
huge damage to the soil, harvest, wealth and human lives every year. After
collecting and analyzing information from the yard—-meetings (FGD) with
local inhabitants, members of the Union Council and Union Disaster
Management Committees of the eleven Unions (Anulia, Borodal, Budh
hata, Dargahpur, Kadakati, Khajra, Kulya, Protapnagar, Assasuni Sadar,
Shovnali and Sreeula), the scenario of the disaster and jeopardy of this
upazila is presented in the following table:

Table— 5.1: Major Climatic Hazards in Assasuni

Anulia v v v v v v v
Bordal v v v v v v v
Budhhata v v — vV v v vV
Dargahpur v v — v v — v
Kadakati v v v vV v v vV
Khajra v v v v v v v
Kulya v v v v v v vV
Protapnagar v vV v vV Vv v V
Assasuni Sadar v v v vV v v vV
Shovnali v v v v v v v
Sreeula v v v vV v v vV
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Excessive Rainfall and Water Logging: Most of the Unions of this upazila
are almost surrounded by water. The excessive rainfall in the months of
Ashar, Srabon and Vadro causes water logging. The three-kilometer long
dam through the river at Manipur of Anulia Union has been collapsed. As
the riverbed silts up every year, the navigability declines and tidal water
gets higher. Ultimately, the water logging problem has been intensifying.
Again, the declining navigability of the Kholletua River aggravates the water
logging of Barodal area. Moreover, the absence of drainage system allows
excessive rainfall to create water logging at Kenjatali and Keyarghat areas.
The yard-meetings held in Dargahpur union has implied that the water
logging crisis has deteriorated in Khariati and ward number 1, 2and 3 of

this union.

The navigability of the river at Assasuni upazila
is on decline. Main reasons for this are the over
siltation and rising of tidal water every year.
Heavy rainfall is causing more water logging
than before due to leasing out canals, their miss
managementand turning those canals stagnant.
Yard-meetings held in Assasuni Sadar Union
show another noteworthy cause of water
logging: undertaking unplanned development
programs and their implementation.

This water logging causes a great harm to the
resources of local inhabitants. For instance,
superfluous rainfall put the harvest submerged
under water that spoils both the harvest and
the land. In some cases, the habitats are in a
lower altitude than the river and thus it seems
difficult to drain the extra water and ultimately
the shrimp girdle goes under water. Usually
the girdle should be in such an altitude where,
during the tide, water can be brought easily
through a pipe/aqueduct. Due to the lower
altitude of the girdle’s position, excessive
rainfall results water logging. Fishes escape out
of the ponds/ water reservoirs during a heavy
rainfall. Excessive rainfall-induced water
logging causes damages to mud houses and
dirt roads. When the tube wells are submerged
under water due to excessive rainfall, it causes
scarcity of drinking water. During this time,
diarrhea and mosquito-borne diseases spread
forcing the day laborers jobless.

“Despite government efforts,
sometimes, local people make
impediment to the construction

of the culverts to overcome water
logging, because they do not allow
building culverts on their own
lands. Moreover, a few people build
houses on the culverts that cease
the culverts. The Kapotakkha River
driven beside the Borordal Union is
dying gradually. Twenty years ago,
this river had a high tide, but now
only monsoon brings the tide. There
is now low current for almost 6-8
months in a year.”

- A Villager

“A connecting road to the bridge
was constructed at ward number

1 of this union. As a result, all

the canals were closed causing
damages to the drainage system of
the area. Union Council sent letters
to the Water Development Board
(WDB) for solution, but did not get
any reply. Before constructing the
connecting road it was necessary

to excavate the canals. Due to this
missmanagement, the impact was
on the drainage system to be ceased.
Water logging from this has done a
lot of damages to the resources of the
local inhabitants.”

A Member of Assasuni Sadar UP
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Riverbank and Embankment Erosion: River erosion is one of the most
recurrent curses to the people of Khajra, Protapnagar, Assasuni Sadar and
Anulia Union of Assasuni upazila. Local inhabitants accounted that 20-30
years ago the river stream was much higher. Without any dam, there was no
occurrence of shortages of water during high tide. However, this is not the
same today and despite the existence of dam, water submerge has become a
common phenomenon.

According to the local inhabitants, some of the major causes for riverbank
and embankment erosions are over siltation of river bed, easily dispersible
soil, delicate dam, declination of navigability of river, lack of river training
and high/low tide. Fishes are escaping from the overflowed ponds/ water
reservoirs and girdles because of riverbank/ embankment erosion. Shrimps
of a girdle move to another one as the logged water removes the barriers
among the girdles. Moreover, damages are done to arable lands and
houses. Salt water gets into the arable lands

and cultivation of crops is ruined. Children,

The duty of WDB (Water old, physically challenged persons, PWD all
Development Board) is to upkeep fall prey to the water-breakout due to sudden
dam. But we think that they donot  erogion of river. The everyday modus vivendi

play Ftheir role in time and perfectly. - ¢ disrupted and the livelihood of day laborers
or any occurrence of riverbank

or dam erosion they (WDB) take a face menace due to this water logging. Mud
long time to inspect the situation, ~ houses, dirt roads, and even cobbled roads are
prepare a report, seek allotment  damaged as well. The river water gets into the
Jorits reconstruction, andget tybe wells and pollutes drinking water. Arable

allotment approved to finish the 1 45 hecome salty because of being washed
task. That’s why, after any erosion

of the riverbank or dam, thislong DY Tiver water. Trees die due to saline in soil
term process by WDB aggravates the  and plantation becomes impossible. Cattle
situation and the chance of habitat. Jose their shelters and fall prey to water borne
_AvVillager ~ diseases. In almost all the yard-meetings,
local inhabitants pointed to the failure and
procrastination of responsible authorities to

maintain the river and the dam.

Salinity Intrusion: Salinity is one of the major problems of almost all
the Unions of this upazila. Salinity causes damage to agro-production,
seedbeds and arable lands, grass, ceases reproduction of grass, and turns
water salty. Thus, cattle and animals suffer from the scarcity of grass and
drinking water. Besides, adaptation to salinity compels to introduce more
shrimp girdle on arable lands and fallow pastures. Thus, less cultivation/
paddy cultivation and declining of fallow pastures make the scarcity of dry
straw. Salinity is responsible for the imbalance of nutrition ingredients;
that makes plants parched and fruit trees get withered and is responsible
for the scarcity of firewood/ trees. The cement plaster of different buildings
of houses, educational institutions and government-private infrastructures
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get decayed and may collapse due to salinity. Local inhabitants of Budh Hata
area mentioned that tube well water cannot be found here. The presence of
salinity, arsenic and iron in the drinking water aggravates the crisis for safe
drinking water. People have to take their bath either in saline water, river

water, or in the girdle or stagnant water. Saline
water causes kidney diseases, stagnant polluted
water causes allergy in human body and other
water borne diseases. Human skin is burned
and turns gray due to salinity in water. People
suffer from different chronic diseases for the
scarcity of drinkable water. As the number of
trees declines, the temperature also rises.

Cyclone and Norwester: Kalboishakhi and
cyclone are other disasters that affect the
people of some Unions of Assasuni upazila.
Local people anticipate cyclone seeing thick
black clouds in the sky. Radio and TV telecast
the forecast for the cyclone. But local people
monitor the wind speed and type of clouds to
make their own forecast. According to them,
kalboishakhi not only hits in the month of
Boishakh-]yestha, but also in Falgun-Chaitra.

The year 2016 experienced several storms in
the area. The damages caused by storm are
minimized in recent times because people
are more vigilant now. Remarkably, in the
aftermath of cyclone Sidr people have become

Salinity has become an epidemic
now. Earlier it was not such a big
issue in this area. Nevertheless,
gradually the situation is getting
worse. Excessive shrimp farming is
key to the salinity problem. If the
current scenario prevails then in near
future, we may have to quit farming
and fall in ultimate uncertainty.

- A shrimp farmer

Earlier kalboishakhi used to hit

our area in the month of Boishakh-
Jyestha, now it attacks in Falgun-
Chaitra also. The paddy cultivation
is hampered by Kalboishakhi and
cyclone; and paddy plants are
grounded. The isles of the girdle, mud
houses, semi-concrete houses and
educational institutions are damaged
by Norwester and Cyclone. These
disasters toll not only resources but
also human lives.

- A shrimp farmer

more conscious. Getting the forecast of any

disaster, people are made alert by the Union

Council so that damages can be minimized.

There are more mud houses than that of concrete houses in Budh Hata
Union of this upazila. Local people are advised and guided to take a safe
place in cyclone shelters, school/college buildings or in concrete houses. As
there are not enough cyclone shelters and buildings, only nearby people can
take shelter there. People living in distant places cannot reach there.

Thunder Storm: In recent times, thundering has become the new enrollment
to the index of natural disasters. In their report of 2010, National Lightning
Safety Institute of USA mentioned that one fourth of the global thundering
was seen in Bangladesh. According to the Bangladesh Meteorological
Department (BMD), 5,772 incidents of thundering were seen in last five
years (2011-2015). 978 in 2011, 1,210 in 2012, 1,415 in 2013, 951 in 2014
and 1,218 incidents were seen in 2015.
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Accordingto areportby disaster forum, 36 persons were killed by thundering
in 2016 (Till 4 April); 186 people were killed in 2015; 210 people were killed
in 2014; 285 people fell victim to thundering in 2013; the death toll was
301 in 2012; and 179 in 2011. This organization prepared the report based
on news reports published in mass media. The 2015 report implied that
Chapainababganj, Kishorganj, Lalmonirhat, Sunamganj, Satkhira, Dinajpur
and Brahminbaria experienced most incidents of thundering.

SMRC has been doing research on thundering since 2009 and their
researchers proclaimed that among the SAARC countries, Bangladesh is at
the highest risk of thundering and death toll of it. As per the observation made
by the researchers of Dhaka office of this organization, 500 to 800 people
fall victim to thundering every year in Bangladesh. SMRC report further
mentioned that between the months of March and May 40 thundering
incidents occur in every kilometer area of Bangladesh. Environmentalists
denote severe muggy heat in the perpetual rapid thermal weather, regular
temperature hike in sea and earth surface, caused by the adverse change
of weather—climate, and continuous excessive pollution of environment
and atmosphere as the main reasons for the excessive thundering. Climate
change causes more force of encounter between server speedy cold and hot
wind wreath in the air that causes excessive thundering. People of Assasuni
upazila consider thundering as a disaster. They have their own belief
regarding the causes of thundering. For instance, people believe that a type
of magnet was grounded deep into the earth, which prevented thundering.
As these magnets were stolen, the rate of thundering is rising. In the last few
years, several mishaps were caused by thundering such as loss of human
and animal lives, distortion of human limbs, numbness of head and feet,
burning of the body, and damage to trees and plants.

Heat Wave: Scorching heat resulted by drought is a major crisis of this
upazila. For the last few years, the temperature has been very high even
though there was much rainfall. But earlier lower temperature used to
succeed more rainfall. That scorching heat and unavailability of water,
induced by the drought in the month of Falgun, Chaitra, Boishakh, Jyestha
and currently Ashar-Srabon, make it impossible for people to cultivate in
due time. Often the seed bed/tender plants have to face damage, the crop
of the field is withered, the water level goes down; and irrigation becomes
impossible in the summer season. In addition, because of all these, the crop
cannot get enough ripeness. Rise in temperature lets shrimps fall prey to
the pestilence and their regular growth is interrupted. This is same for the
fishes of ponds/ water reservoirs. Drought causes the scarcity of water in the
pond/water reservoir and tube well. Thus, people suffer from the scarcity of
water in doing daily chores such as bathing, washing dishes and clothes, and
most importantly drinking pure water. During this time, staying outside the
house is detrimental to the skin.
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Social and Hazard Map of Assasuni
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Map-5.2. Anulia Union, Assasuni, Satkhira
Social and Hazard Map
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Map-5.6: Dargahpur Union, Assasuni, Satkhira
Social and Hazard Map
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Map-5.12: Kulya Union, Assasuni, Satkhira
Social and Hazard Map
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Vulnerability of Livelihood Groups

The climate change impacts have made different occupations and livelihoods
become more challenging and prone to disaster. The climate change impacts
on different selected livelihood groups of Assasuni upazila are discussed
below to have insights into the vulnerability portfolio of the people.

Inland and Offshore Fishing: Ramjan Ali, a key informant from the fisher
community, said that during flood, their houses are submerged under water
and they have to suffer a lot. During flood males take their bath in a distant
place from the house but females cannot. Then they have to take bath in the
floodwater or river water. To avoid the crisis they have nothing to do. As
long as the flood prevails, the fishers must suffer and suffering for the female
is the most.

Fishers do fishing in the lakes, rivers and sea. Drought makes the lakes and
rivers dry and fishing becomes impossible. Thus if they cannot do fishing
most of them go to Khulna or Jessore district to work as laborers in the
hatchery or commercial ponds/ water reservoir of sweet water. The fishers
work only six months in a year and for the rest six months they have to
stay idle and ultimately search for loan. The principal informant argued that
heavy rainfall is helpful for them, because with more rain, fishes come to the
upstreams of lakes and rivers, while excessive rainfall is not a blessing for
the poor huts of the fishers.

The worst disaster for the fishers is the cyclone. If there is a warning of a
cyclone, they do not go fishing into the sea. If they fall prey to cyclone during
fishing in the sea, their lives and boats may be destroyed. Losing any boat
or net is a big loss to any fisher. To avoid cyclone, whenever fishers notice a
deep black cloud in the sky or a wind from the east, they go to the safe zone.
As soon as they receive any warning signal of cyclone on the radio, they take
shelter in the coastal area or in the shelter center of the coast guard.

Salinity makes fishers suffer most from the scarcity of drinking water. When
they sail in the sea, they have to bear a shortage of drinking water. The salty
environment of the sea turns their skin scorched. Digging almost 2 feet deep
into the ground of catkin forest in the coastal area, the fishers meet up their
thirst for the sweet water and store it for the next time. The fishers think that
the number of fish has declined. Moreover, now it takes more time to catch
fish than before. This means that the number of fish is on a decline.

Agriculture and Farming: One of the farmers said that due to salinity,
farming in the lowlands of Assasuni upazila is not possible. This has led
people to turn their cultivable land into shrimp farming. Floodwater makes
a hindrance to the timely marketing of vegetables. For instance, the local
market went under water by tidal wave succeeding the cyclone Aila in 2009.
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On the other hand, drought makes the soil dry making sowing of seeds in
time almost impossible. Drought also demands for irrigation.

During childhood, I have not seen
drought for such a long time in this
area, but now it lasts for long. It’s
becoming warm now. In addition
lack of adequate number of trees has
caused higher temperature here than
ever before. Vegetables do not get
matured in time due to the lack of
adequate rainfall. The leaves of trees
droop to lump shape by the noon.
This condition favors the worms to
attack on the leaves. For example,
now spinach is not growing properly
and getting a reddish outlook.

Spinach and water spinach both need
water. Water spinach gets longer

if it gets water. But for red spinach
and some other spinach drought is
favorable. As my field is just in front
of my house, I can irrigate water
from my pond. But those who have
no source of sweet water beside their
field, cannot irrigate. So, I cultivate
red spinach and pumpkin at the time
of drought. These require less water.

- A shrimp farmer

I have been pulling van for the

last three years. Earlier I used to
work in agriculture, but working in
agriculture is less profitable than that
of van-pulling. I can earn around
taka 300-400 a day. After spending
taka 100-150, I can save the rest of
the money. I spend these savings

in the rainy season or during any
other disaster. Because during rainy
season, flood or cyclone we cannot
earn much.

- A Farmer

In recent times, changes have been observed
for rainfall in time. Lack of adequate rainfall is
not favorable for the cultivation of spinach. If
it rains excessively, particularly when the crop
gets ripe, it can ruin the crop. Excessive rainfall
makes the farmers undone leaving them
with no other alternatives than to selling the
immature vegetables. Harvest can be damaged
if the trees collapse by cyclone in the months
of Chaitra, Boishakh, and Jyestha. As the
cyclone hits suddenly it is not possible to take
any protective measure. But as a protective
measure, big trees are kept out of the sideline
of the crop fields. If there is any, the branches
of these trees are trimmed. Water logging
causes a great deal of harm to the agriculture of
this area. Especially, the farming of vegetables
and paddy are tough tasks in such an area.
Nevertheless, jute cultivation is a good choice
in waterlogged areas.

Salinity is harmful for the crops. If the level of
salinity is not too high, production of spinach
is possible. Usually river erosion allows salt to
enter the land. One of the most devastating
impacts is that it becomes impossible to
cultivate on this land for at least five years.

Off-Farm  Laborers and  Seasonal
Employment: The brick-field workers do
their work during the months of Kartik and
Agrahayan. After this period, workers become
jobless and some of them join agriculture.
During its high time, workers from other
sectors come to work in the brick-field. The
alternative livelihoods for the brick-field
workers are small businesses, car driving, etc.
Wages of a brick-field worker ranges from
tk 400-600. Hot weather and salty mud are
good for the brick making. According to the

workers, salinity is good for their work but not for drinking pure water.
Drought is beneficial for a brick-field and its workers because they get more
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jobs during that time. But cyclone, thundering and river erosion damage
the brick-field and turn its workers jobless. Thundering does not allow the
workers to work outside and river erosion pours water into the brick-field.

The van—pullers represent another occupation
in Assasuni upazila. Natural disasters bring
a curse to this group as well. Flood makes it
impossible for them to pull the van on the
road. They lose their livelihood. Similarly,
excessive heat also makes it difficult to go
outside to run the van and earn money. A
van-puller informs that there is sever heat in
Assasuni upazila nowadays. Thus, it sweats
more and pulling a van seems more arduous.
When the temperature gets high, passengers
avoid riding on the van. Because a van has no
hood over and heat comes down directly on
the body of the passengers. Some pullers set
polythene-shed over the van, but it causes
more heat. During this warm weather, van-
pullers go out early in the morning. They pull
the van less at noon but more in the afternoon.

It was not a huge flood in 2016, but
the paddy of the most farmers’ lands
got rotten because of that flood. Those
farmers had to recultivate with new
rice plants. For this reason, farmers
had to bear huge loss. When the
flood occurs or the water of Chalan
Beel increases, many farmers (whose
lands get submerged under water)
get involved in fishing. Many leave
the area in search of day laborer’s
job in other areas. The farmers try to
prepare their seedbeds on a higher
place as though the flood can do no
harm. For the same reason, we build
our houses on a higher homestead,
make an entresol inside the house for
cooking, and to resist the erosion of
the road, construct guide walls with
bamboo/stone along the two sides.

- A Farmer

In heavy rainfall passengers are not likely to
ride on a van rather a Bhatvati (a local vehicle
run with a shallow machine), because van has
no hood over. Van-pullers can earn a very little in this period of the year.

When the cyclone hits, they do not go to pull the van. To avoid any casualty
they remain cautious about the possibility of the cyclone. Whenever black
clouds appear in the sky or the wind starts blowing then they take safe
shelters. In a waterlogged situation, the road gets submerged under water
and they face trouble to pull the van.

Shrimp Farming and Cultivators: Shrimp farming has become a major
occupation and business in Assasuni upazila. Except some professional
groups, majority people of this upazila are, directly or indirectly, depend on
shrimp farming for daily subsistence. This shrimp farming related livelihood
has also employed a significant groups of women as daily wage labors. But the
trends of changing climatic conditions have been adversely affecting shrimp
production and associated livelihoods therein. One of the shrimp farmers, in a
yard meeting, told that he had been involved in this occupation since 1990. At
first, he did not do farming commercially. Then he used to do shrimp farming
on the other side of dam (at the inner part of the river). Then they did not
use to release the minnows artificially. They used to cultivate the minnows that
entered with the high tide. Thus, shrimps did not need any food and grew up
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normally. Now, there is a high demand for shrimp minnows, and that is why,
the farmers import minnows from other districts. After preparing girdles in
December, the farmers release shrimp minnows into there. Earlier, the farmers
used to release minnows at the end of January. Now winter comes delayed and
the farmers have to face financial loss. According to the shrimp farmers, if it
were possible to release the minnows at the end of January, shrimps would grow
up to the size of selling in March-April. However, they have to face the financial
crisis because of the change in the arrival of winter. They are now using their
agricultural land for shrimp farming. The reasons behind the low rate of agro-
production were lack of rain in time and drought.

They added that earlier shrimp farming was more profitable, but now it
is declining. The reason for this is the frequent attack of virus. The virus
appears at the time of catching shrimp. Moreover, the virus prevails until the
months of Kartik—-Agrahayan when the work of girdle ends. They sometimes
use aqua Z powder, alum, bleaching powder and lime to check virus. They
often blame Bangladesh Government of not taking any step to prevent the
shrimp virus. Shrimps get afflicted with the virus as the temperature rises.
The usual growth is hampered as well. When the water temperature rises,
shrimps take shelters deep into the clay and gets spots on their shells. These
spots lower the price of shrimp. At high temperature, the rate of salt in the
water declines and thus production declines as well. Pouring lime in the
water increases the rate of salt. Nevertheless, those who have girdles on the
bank of the river can allow water into the girdle during the tide. In addition,
those who do not have their girdle beside the river take help from the owners
of adjacent girdles to bring saline water and expel that.

ASSESSING CLIMATE RISKS IN CHAKARIA UPAZILA
Climatic Hazards in Chakaria

Through analyzing the overall natural disasters of the selected ten Unions
of Chakaria upazila in Cox’s bazar district it has been identified that the
major natural disasters of this upazila are waterfall from hill and flood,
water logging, water from tide, cyclone, tidal surge, salinity, river erosion,
kal boishakhi, less rainfall, and hill land slide. According to the local people,
every year their land, agricultural production, natural resources and human
life are damaged due to these natural disasters. For this research separate
focus group discussions and interviews have been conducted with the
local people, members of union parishad and union disaster management
committee (UDMC) of Badarkhali, Bamubilchari, Boroitali, Fashiakhali,
Khutakhali, Konakhali, Lakkharchar, Paschim Boro Veola, Surajpur-
Manikpur and Veola Manikchar unions of Chakaria upazila. Following
chart shows the major natural disasters of Chakaria upazila based on the
data and information collected from the field.
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Table— 5.2: Major Climatic Hazards in Chakaria

Badarkhali v Vv X X v v v
Bamubilchari v v v X X X X
Boroitali v v X X v v v
Fashiakhali v v X X v v v
Khutakhali v v X X v v v
Konakhali v vV X vV v vV X
Lakkharchar v Vv X v X X X
Boro Bheola v Vv X X v v X
ek x o x ko
Bheola Manikchar Vv X X X X X X

Flash Flood and Flood: In Chakaria upazila due to heavy rainfall during
the first few weeks of the months of Ashar, Shrabon and Bhadra water fall
from the hill and flood increases. It causes damages to the people of various
occupational groups. For example shrimp cultivators face lots of troubles
and damages such as the banks of their shrimp enclosures breaks down,
whole land becomes flooded, and due to over siltation it becomes useless
for future shrimp cultivation. At the same time, for the salt cultivators their
land becomes flooded and damages done to existing salt. For the farmers
their seedbed and cultivated crops remains under water and their crops
and vegetables are damaged and rotten due to over siltation. Pond fish
cultivators and fishermen also face a lot of troubles during this time. For the
pond fish cultivators their ponds become over flooded, all the fishes float
away and over siltation keeps their ponds unfit for further fish cultivation.
And the fishermen cannot collect sufficient fish which ultimately affects
their livelihood. Day laborers cannot find enough work to manage everyday
needs of their family. It has been recorded from the focus group discussions
conducted at Badarkhali union of Chakaria upazila that because of the
activities of some local influentials, water logging from flash flood increases
and the rate of damages also remains high.

Alongside occupational groups, damages are also done to the animal and
infrastructural resources. People become engaged with ensuring security of
their own life and assets during flood and it is not possible for all to bring
their animals to safe places. As a result, a lot of domesticated animals get
drowned and float away in the river. Though they are able to save few of
their animals, these animals suffer from various diseases after the flood.
For infrastructure, most of their houses remain under water, roofs of these
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houses are washed away, houses made with mud fall down and the roads

and dams are damaged.

Cyclone and Norwester: In Chakaria upazila, cyclone occurs during the
months from Chaitra to Ashar. The occurrence is frequent during the end of
Chaitra and throughout the Baishak months. According to the local people,

Many influential persons of several
unions of this upazila have built their
shrimp and salt cultivation lands.
They have done this through using
their power and influence and to
Sfulfill their needs at their own wills.
Their activities have been unplanned
and as a result they have not
maintained proper drainage systems.
This has created and increased water
logging in this area more than ever
before. Due to this people of various
occupational groups have faced loss.
To solve this problem local people
have talked to the elite people of

this upazila and the UNO has given
words to take necessary actions.

- A Farmer

Due to tidal surge saline water enters
the paddy field and as a result it
becomes difficult to further cultivate
in that field. This is one of the major
reasons for many people to start
shrimp and salt cultivations in their
paddy fields. Cultivating shrimp and
salt also brings them lots of profit.
But this practice has a negative side
as well. Too much engagement with
shrimp and salt cultivation has
made them dependent on market for
agricultural products.

- A Farmer and Salt Cultivator

the number of cyclone has increased during
these days. People of various occupations have
to suffer a lot and these causes sever damages
to their life and assets. For instance, shrimp
cultivators face the problem of damages with
over flood to their shrimp plot, salt cultivators
lose their cultivated salt with serious damages
to their salt plot, fishermen lose their lives
while fishing in the sea and damages are
caused to the crops of the field. However, most
of the damages are caused to the agricultural
sector as this is the season for harvesting Boro
crop. Therefore, with the increase in intensity
of cyclone more damages are done to the
ripe paddy. According to the local farmers,
it becomes difficult for them to overcome
the losses caused by cyclone. All of their
investments face a great loss at the time when
they have to harvest the product from the field.

Tidal Surge: In Chakaria, tidal surge occurs
during the months from Chaitra to Ashar of
Bangla. People of various occupations have to
suffer a lot and these cause severe damages to
their lives and assets. For instance, shrimp and
salt enclosures become over flooded, fishes of
ponds wash away, and serious damages done
to houses, schools, colleges and roads.

Salinity Intrusion: From a discussion
conducted in Chakaria upazila Parishad it
has been identified that the salinity of water
usually increases during the months of Ashin
and Kartik. Almost all of the local people
from all the unions have made the point that

natural intrusion of saline water through tide is not harmful for their land,
but when it is illegally done by the local influential (they cut the channels
to enter the tidal water/ saline water in the field) people for shrimp and
salt cultivations, it causes a lot of troubles for them. According to them
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this was not so problematic at least 30 years
ago. But today many of their lands are losing
productivity. Moreover, people of various
occupations have to suffer significantly by
sustaining severe damages to their health,
livestocks and productive assets. Agricultural
lands, for instance, are reducing and crops
are getting damaged due to salinity and also
causing different diseases to shrimps.

Riverbank Erosion: In Chakaria upazila, river
erosion occurs during the months of June, July
and August. But river erosion can also take
place during any time of the year due to the
changes of direction of the rivers. According
to the local people, river erosion is increasing
day by day due to felling of trees. For example,
because of felling of trees, river erosion has
increased in the ward numbers 1, 2, 3 and 4
of Fashiakhali union. They further informed
that the rate, intensity and loss of river erosion
have increased after the year 2010. But this
was less during the period of 2000-2010.
The major causes of river erosion are — over
siltation, decrease in depth, unplanned and
weak construction of dam and tidal wave
among others. Some of the damages done by
riverbank erosion include shrimp enclosures
and ponds overflow with water, shrimps and
fishes wash away, water logging, damages of
agricultural lands and houses, intrusion of
saline water in theagriculturallandshindrances
the agricultural production, livelihood of local
people and day laborers is hampered, loss and
damage to infrastructures such as kacha roads,
pitch of pucca roads, Masjid—-Temple and tube
wells in the locality. However, another major
problem of riverbank erosion is the increase
of saline water in the field. As a result, trees
die and it becomes impossible to plant new
trees. Riverbank erosion damages the living
places of domesticated animals and increases
different water borne diseases.

Due to the increase in salinity of the
land it has become impossible to

do any agricultural activities in the
same land. As a result local farmers
have no other way but to engage
themselves in the cultivation of
shrimp and salt cultivations. This has
led them to convert their land from
agriculture to saline water based
cultivation processes. To me this is
the reason for the increase of shrimp
and salt cultivations in Chaakaria
Upazila today than ever before.

- A Farmer

I have been engaged in fish farming
for along time. I do not bother in
any natural disaster or by any other
adversities. Drought is the main
problem of this area and I take all
the necessary precautions at the
beforehand of this disaster. I rent

a car to sell the fish at the entrepot
of Sirajganj road. In a trip, the car
carries 7/8 Mon (280/320 kgs) of
fish. I collect the minnows from the
hatcheries of Sreekrishnapur and
Nimgachi at a price of taka 6,000 per
Kg. The hatcheries provide oxygen in
the polyethylene that is used to carry
the minnows. I release that minnows
to my pond. Besides fish farming, I
do stock business and agro-farming.
I cultivate Irri paddy in my 10 bighas
of land. But the ultimate income
comes from the fish farming. I got
training on fish farming from the
Upazila Fishery office.

- A Fish Farmer
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Social and Hazard Map of Chakaria

Map-5.13: Chakaria Upazila, Cox's Bazar
Social and Hazard Map
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Map-5.14: Badarkhali Union, Chakaria, Cox's Bazar
Social and Hazard Map
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Map-5.18: Fasiakhali Union, Chakaria, Cox's Bazar
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