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Abstract

In this paper, we present the results of a systematic literature review of climate change vulnerability-related research conducted in
Bangladesh between 1994 and 2017 in order to identify trends and knowledge gaps. Our results identify interesting evolutions in
the temporal and spatial scales of study and the nature of spatial and thematic associations, suggesting important knowledge gaps
in the existing literature that likely limit understandings of scale-sensitive climate change impacts. We also observed a temporal
mismatch between the published studies and policy-making processes focused on adaptation and mitigation and a bias towards
the economic aspects of climate change, with less focus on social and environmental issues. Thematically, the climate change-
related scholarship in Bangladesh would benefit from more integrative, cross-theme, and transdisciplinary studies, potentially
drawing on the different theoretical constructs of vulnerability and adaptation. Such studies will be needed to better support
evidence-based public policy and also to more accurately reflect the diversity of knowledge gaps and challenges concerning

climatic stresses in Bangladesh at different scales and in different contexts.
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Introduction

The success of national climate change adaptation strategies
largely depends on the capacity to generate appropriately contex-
tualized information on climatic risks and adaptation opportuni-
ties at different scales through scientific research (Dilling and
Lemos 2011; Ayers et al. 2014). Since adaptation-related deci-
sions are closely related to a country’s economic, social, environ-
mental, and climatic characteristics, science can help to explain
relationships likely to affect outcomes (Fiissel 2007; Lemos et al.
2012). As a result, systematically analyzed and summarized
knowledge from existing, often cross-scaler, scientific literature
has been identified as being useful in assessing what is known,
and what may need further research attention (Ford et al. 2012).
According to Ford et al. (2010a, b, 2015), only a small number of
studies have been conducted to better understand the overall
effectiveness of adaptation actions taken at both local and nation-
al levels. This situation has the potential to result in policy bias,
where particular geographic areas and specific sectors (e.g., live-
lihoods, health, natural resource management) may be empha-
sized due to greater research effort while other, equally important,
areas and sectors may remain under-represented. Adger et al.
(2003) acknowledged that some societies are more vulnerable
to climate change than others and therefore may demand policy
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privilege. However, when government and researchers are un-
aware of the vulnerability of certain communities and/or societies
due to historical, cultural, or geographical issues, determining
where best to direct limited resources becomes problematic.

This situation is often observed in developing countries,
where available resources for adaptation actions are inade-
quate, and long-term investments are susceptible to uncer-
tainties associated with the effectiveness of these investments
(Fankhauser and Burton 2011). Efforts to synthesize existing
knowledge are becoming increasingly common in developed
nations (Arnell 2010; Tompkins et al. 2010; Ford et al. 2011;
Ford and Pearce 2012). However, very little equivalent re-
search has been done in the context of developing nations,
particularly at national levels. For example, Bangladesh is
both highly exposed to different climatic stresses (e.g., flood,
storms, drought, over and under rainfall) and experiences high
rates of poverty, social exclusion, marginalization and power-
lessness in both urban and rural communities (Islam 2011;
Rahman et al. 2015). While the national government has un-
dertaken a number of important initiatives to foster local-level
adaptation through different national-level policies and devel-
opment plans, a high level of uncertainty surrounds the extent
to which these initiatives are effective, equitable, and efficient
(Huq and Khan 2006; Ayers 2011). In order to better bridge
the information gaps facing policy-makers, there is a need to
credibly summarize the climate change-related research ad-
vances made in Bangladesh with a view to informing future
research and policy needs (Lemos et al. 2012). Focusing on
the case of climate change adaptation research and policy in
Bangladesh, one of the most climate-vulnerable countries in
the world (Ayers and Forsyth 2009; Seneviratne et. al. 2012),
this paper presents the results of a systematic literature review
designed to answer the following questions: what is already
known, what is not known, and what has been identified as
being necessary to know about climate change vulnerability
and adaptation in Bangladesh?

Methods
Research approach

We conducted a systematic literature review following a
mixed method research approach. The application of system-
atic literature review is common in health science (Salmond
and Holly 2012), and it has been adapted to climate change
adaptation research fairly recently (Berrang-Ford et al. 2011).
Systematic literature reviews aim to comprehensively synthe-
size, evaluate, and track down scientific literature on a certain
topic of interest (Petticrew 2003; Lorenz et al. 2014; Berrang-
Ford et al. 2015). As a literature review method, it has certain
advantages over the more conventional narrative review tech-
nique where the literature search process is usually unreported
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(Ford and Pearce 2010). Further, the absence of a systematic
management approach to literature may incur selection biases
(Green et al. 2011). In contrast, systematic literature review
has been designed to handle the growing amount of informa-
tion available, considered to be the quality control standard of
the review (Mulrow 1994) by following strictly defined inclu-
sion and exclusion criteria, resulting in higher accuracy and
consistency (McDowell et al. 2014; Ford et al. 2014; Berrang-
Ford et al. 2015; McDowell et al. 2016).

The inclusion and exclusion criteria of a systematic review
needs to be based on research objectives, along with a well-
defined search protocol to locate primary studies. It also re-
quires a clearly defined mechanism for assessing the risk and
biases of primary studies, and finally, it needs to be presented
following a systematic approach (Green et al. 2011). In addi-
tion, all research protocols need to be clearly stated in the
synthesis to maximize research clarity and transparency
(Green and Higgins 2011). However, the application of sys-
tematic review in climate change adaptation research is com-
plex because of the adoption of both qualitative and
quantitative research methods in primary studies. To
overcome this problem, Ford et al. (2010a, b) have suggested
applying a mixed method approach to data retrieval and anal-
ysis which involves placing equal emphasis on qualitative and
quantitative approaches (Denscombe 2008; Bergman 2011).

Search protocol for primary studies

To conduct the review, we considered only peer reviewed re-
search papers published between 1994 and April 2017. A key-
word search using “climate change” and “Bangladesh” was
conducted using the ISI Web of Knowledge (ISI) and Scopus
electronic database to maximize our coverage of literature. A
total of 535 published articles were subsequently identified
using a set of inclusion and exclusion criteria, as follows: arti-
cles had to be peer reviewed and written in English; published
in IST and/or Scopus indexed journals; and focused on climate
change vulnerability as their main research question (Table 1).
Lavell et al (2012) defines vulnerability as the propensity of
system elements (e.g., humans, livelihoods, assets) to be ex-
posed to climatic stresses. More specifically, vulnerability is
observed as the function of exposure, sensitivity, and adaptive
capacity (Cardona et. al. 2012). We followed this definition
when selecting the primary studies, which discussed at least
one of the three elements of vulnerability in the context of a
specific theme (e.g., livelihoods, biodiversity, natural resource
management). In addition, cross-national comparative studies
were excluded as they were likely to depend on relative com-
parison criteria which may not be directly relevant to the
Bangladesh context. Following an initial review of title and
abstract, a total of 363 papers were retained for full-text review
and analysis (see Online resource 2 for the full list of papers
included). The inclusion and exclusion criteria and the
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Table 1 Inclusion and

exclusion criteria of the Inclusion

Exclusion

studies
Research papers published in English

Only peer reviewed articles

Climate change is the primary focus of research

Studies that are fully devoted to exemplify the

climate change issues of Bangladesh

Paper published in languages other than English

Non-peer reviewed research works such as books,
non-peer reviewed book chapters, technical reports
and working papers.

Climate change issues appear as secondary or
supporting elements

Studies that have considered Bangladesh as one
of two or more cases for the purpose of comparison

description of analytical categories are presented in Online
resource 1 and 2, respectively.

Data retrieval

Data retrieval for this research involved both quantitative and
qualitative methods. For quantitative data retrieval, we coded
each paper according to the categories and sub-categories de-
scribed in Table 2 using binary (paper falls under a category=1
and does not=0) and interval scales. The analytical categories
included research scale, based on the sample selection and the
geographic focus; temporal considerations, using the temporal
distribution of published research; spatial considerations, based
on the geographical connectedness of the research; and thematic
considerations, based on the issue-focus of the research.

For systematic qualitative data retrieval, we developed a short
questionnaire. Through a full-text review of each paper, we
sought to answer five broad questions: (1) what is the main
research question of a paper? (2) what are the outcomes? (3)
what are the limitations of the paper identified by the authors?
(4) what are the further research needs identified by the authors?
and (5) what are the research gaps in each paper in terms of
related current scholarship? Answers to each of these questions
were then coded for further analysis.

Data analysis

All quantitative data from each paper were stored in an Excel
spreadsheet for quantitative analysis. Basic descriptive statistics
were used to identify the frequency and proportion of the existing
studies covering each of the categories and sub-categories. After
in-depth review of the articles, we distributed them among a total
of 14 different climate change-related thematic areas and coded
each paper using a binary scale (presence of a theme=1, absence
of the theme=0). A detailed description of the themes has been
given in Table 3. Importantly, one study may have had multiple
themes due to the multidisciplinary approaches used in the study.
To better understand the pattern of multidisciplinary approaches,
we conducted factor analysis. Notably, factor analysis is used to
reduce a large number of interrelated variables to a smaller

number of latent or hidden dimensions (Tinsley and Tinsley
1987), which are then used to determine the “basic constructs
making up the domains of interests” (Fabrigar and Wegener
2011). It therefore helps with determining which variables are
influenced by a specific common factor. Factor analysis enabled
us to identify the latent dimensions in order to help explain the
pattern of maximum amount of common variance in the correla-
tion matrix among the measured variables (i.e., research themes)
(Fabrigar and Wegener 2011). Since we did not have any theo-
retical presumptions or constructs regarding the approaches of
the reviewed studies, we conducted an exploratory factor analy-
sis (Fabrigar and Wegener 2011) using the minimum residual
method and applying the varimax rotation technique (Comrey
and Ahmudu 1964; Comrey 1962), considered to be suitable for
binary multivariate data (Kamata and Bauer 2008). Before
conducting the analysis, we determined the appropriate number
of common factors using parallel analysis, an eigenvalue-based
technique, retaining the common factors which had an eigenval-
ue greater than 1 (Fabrigar and Wegener 2011). We tested the
reliability of the analysis by calculating the Tucker Lewis Index
of factoring reliability and the root mean square error of approx-
imation values, which satisfy the standards of the tests
(Taasoobshirazi and Wang 2016). We have also reported
Cronbach’s «v values for each variable to show the internal con-
sistency of our data, which are close to the standard value of 0.7.

Results and discussion

In what follows, we describe the results of the study in three
sections: (1) the scale of research (e.g., local, sub-national, and
local), (2) the trend and applicability of the studies, and (3) the
spatial connectedness of different thematic studies. Each section
begins with a brief description of related scholarship and ends
with a discussion of the key research gaps.

Research scale

The scale at which research is conducted is important because
environmental changes are cross-scale phenomena and,
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Table 2  Analytical categories

Category Description Measurement
scale
Research scale National studies, which have been conducted at a national level, are considered under this category. In Binary

addition studies that have taken samples from all geographic locations are also taken under this category.
Sub-national studies have samples from more than one geographic location but not from all locations, are considered. Again,
for case study research, if a study takes more than one case from one or more geographic location it is also considered under

this category.

Local studies are single case study research from a single geographic location.

Temporal
consideration

Spatial
consideration

analytical category.

Northern part falls under the Ganges-Brahmaputra river basin.
This area is highly drought and flood prone; and particularly susceptible to seasonal hunger during the dry season.

We examine the evolution of climate change research in Bangladesh over the time period between 1994 and 2014 under this Interval

Binary

However, the establishment of embankment in the upper stream of the Ganges river under Indian territory is often
responsible for drought. On the other hand, the overflow of river water during rainy season is responsible for flood.

Central part falls under the Brahmaputra river basin, and is dominated by urban areas (e.g., Dhaka the capital of Bangladesh along
with some other large cities are located in this part). This area is highly susceptible to flooding. Expanding urbanization and the
destruction of wetlands and low laying areas has augmented flood risk in the area.

North-eastern part falls under the upper Meghna river basin (also known as Surma-Kushiara river basin) and is highly
dominated with wetlands ecosystem, and small hills. This part of the county receives the highest rainfall, and there are more
than 22 trans-boundary rivers flowing across it. Along with rainfall, huge amounts of water flow from the upper stream
territory of India. Consequently, most of this area remains under water for half of the year. However, over and under rainfall
due to climatic variability significantly alter the livelihood activities and ecological structure.

Southern part is dominated by coastal and estuarine ecosystems. Sea level rise, oceanic serge and tropical cyclone are the
major climate change risks in the area. Recent cyclones have resulted in considerable loss of life and destruction of
resources. Moreover, water stagnancy and saline water intrusion are responsible for land quality loss. Labor migration from

this area is also higher than any other part of the country.

South-eastern part is characterized by coastal and mountainous ecosystems. This area is highly exposed to tropical cyclones
and saline water intrusion. Mountainous regions possess the lowest population density in the country, and several ethnic
communities live in this region, practicing traditional agriculture with relatively low production. Consequently, poverty is a
general scenario for these communities, which limits their capacity to adapt to a changing climate. On the other hand, plain
land coastal communities are mostly farmers and fishers who encounter property loss due to cyclone events every year. In
addition, saline water intrusion and stagnancy usually results in land and water quality loss.

Thematic
consideration

The selected studies have been classified under 14 themes, which include: climatology, livelihood, health, policy and governance, Binary
food security, conservation, gender, agriculture, fisheries, livestock, forest, infrastructure, non-natural resource dependent

economic activities and environmental quality. These studies have been conducted to understand the theme’s exposure,

sensitivity, adaptive capacity and adaptive change

therefore, require diverse knowledge to inform decision-making
(Cash and Moser 2000). Gibson et al. (2000) suggested that
scale-related thinking influences four aspects of scientific explo-
ration. First, the pattern that exists at one level may not be found
at higher or lower levels (Adger 2001). O’Brien et al. (2004)
suggested that climate impact assessments are scale-specific
and should not be generalized, although Adger et al. (2009) noted
that scale-specific impacts are often connected and nested.
Second, causal explanations are highly sensitive to scale because
the variables in use are generally scale-specific, potentially
resulting in an explanatory fallacy if not adequately recognized
(Adger et al. 2005). Third, theoretical generalization is both dif-
ficult and costly because one set of variables used to
explain a phenomenon at a particular spatial scale may
not be found sufficient or even relevant at another scale
(Wilbanks and Kates 1999). Therefore, Osbahr et al.
(2008) have suggested that it may be more useful to
observe cross-scale practices rather than focusing on a
specific scale. According to Urwin and Jordan (2008)
and Mastrandrea et al. (2010), two dominant ap-
proaches, including bottom-up and top-down scaling of
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scientific studies, may help to bridge the knowledge
divides between scale-specific research through commu-
nication, collaboration, and co-learning.

Scale issues in the existing climate change scholarship
in Bangladesh

We reviewed the scale-related aspects of the published papers
from local, sub-national, and national perspectives (see
Table 2 for definitions), which comprised 30.46 (total 111),
33.33 (total 121) and 36.21 (total 131)% of the sample, re-
spectively. Based on our results, national-scale studies were
mostly focused on two major areas: climatic risk and public
policy. A number of studies also described the sensitivity of
national agricultural production under a changing climate.
Notably, almost all of the national-level studies had a specific
thematic preference, where vulnerability or adaptation issues
were the focus of discussion, with issues related to agriculture
and health the most prominent. Exposure studies projected
national climate change patterns using time-series data and
identified that Bangladesh is one of the most climate-
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Table 3  Definitions of research themes used in this study

Themes

Description of the themes

Health

Livelihood

Climatology

Policy and governance

Studies that discussed about climate induced health concemns including diseases exposure, diseases susceptibility due to climatic
change and climate induced natural hazards, increasing health costs, adaptive responses from both community, non-government
and government organizations.

According to Scoones (1998) livelihoods are the resources and activities undertaken by a community for their subsistence. We
used this to identify the studies that focused on this issue. Therefore, the studies that discussed different types of livelihoods
and their exposure to climatic change and stresses, loss of livelihood and resources, adaptation practices (e.g., technological
and institutional innovations, migration for securing livelihood opportunities etc.) facelifted by the innovation of affected
community members and external supports from government and non-government organizations were considered under this
theme. Socio-economic discriminations based on ethnicity and marginalized social groups which have livelihood implications were
also taken under this theme.

The studies, which took at least one climatic variable for answering research questions that are related to long or short term
climatic variability, future climate projection, studying climate stress patterns, and forecasting future climatic extremes like
floods, storms and droughts, were listed under this theme. The studies, which used climatic variables for understanding the
impact of that variable on another theme (e.g., agricultural, fisheries, infrastructure etc.) were also taken under this theme.

Papers under this theme discussed about government policy making, institutional development at both international, national
government and community level for supporting climate change adaptation and mitigation. Besides, studies covering issues
that may influence policy and governance like climate awareness were also considered under this theme.

Studies that discuss the impacts of climate change on food availability, distribution and quality, and the adaptation of these issues

Climate change impacts on and adaptation of wildlife, biodiversity, aquatic ecosystems including freshwater and marine, terrestrial
Climate impetus on gender discrimination including socio-economic marginalization, health facilities, gender sensitivity of adaptation

Climate impacts studies on agriculture as a production sector have been considered under this theme. Besides, studies that discussed
agricultural production loss and its impacts on rural livelihoods, production and marketing processes, agricultural land loss due to
climatic influences were also considered under this theme. Agricultural adaptation studies were also taken under this theme.

Fish production loss studies that identified climate change as one of main reasons of the loss were codified under this theme.
Natural and non-natural fish habitat loss, fisheries as an adaptation practice and climatic challenges of shrimp cultivation are

Climatic impacts on livestock production and the potential of livestock as an option for diversifying livelihood practices were
Forest conservation, stock, growth, changing pattern of forest composition, forest expansion as an adaptation measure, carbon

stock estimation and contribution of forest in trapping greenhouse gases related studies are considered under this theme.
Technological innovation for adaptation practices in both agricultural and non-agricultural production activities, carbon emission

Food and food security
to the climatic impacts were taken under this theme.
Wildlife and ecosystem
conservation ecosystems including agro-ecosystems, forest ecosystems, habitat conservation.
Gender
actions (e.g., policy making, infrastructural development)
Agriculture
Fisheries
the studies under this theme.
Livestock
considered under this theme.
Forest
Technology and
infrastructure

from industries, infrastructural development for stress impact reduction like water resource management infrastructures (e.g.,

embankment building, water compartmentalization, irrigation system management etc.), climate sensitive building development,
energy consumption and technological innovation for renewable energy sources related studies were listed under this theme.
Non-natural resource economic  Impact of climate change on industrial sectors, urban migration and livelihood activities related studies were considered under

activities this theme.
Environmental quality

were listed under this theme.

Environmental pollution, quality loss as a consequence of greenhouse gas emission, sea level rise and saline water intrusion

vulnerable countries in the world. However, these studies also
conclude that the vulnerability is heterogeneously distributed
across different geographic locations, with specific impacts
characterized by local social-ecological characteristics.
Hence, despite having the ability to describe the country’s
status under different climate change scenarios, these
national-level exposure studies are insufficient to meaningful-
ly inform policy-makers concerning specific adaptation and
transformation strategies. The national public policy-related
studies primarily examined how climate change vulnerability
and adaptation have been institutionalized and mainstreamed
in Bangladesh through national development plans and poli-
cies, noting generally good progress.

We also identified five sub-national spaces based on their
ecological distinctiveness and political boundaries, with
existing studies reflecting this distinction. For example,

coastal communities are dependent on both agriculture and
fisheries which will be affected by changing salinity, sea level
rise, and oceanic storms. Consequently, the studies conducted
in this sub-national area investigate how communities have
generated adaptive responses. While the wetland resource-
using communities in a different sub-national area have sim-
ilar resource-use behaviors (i.e., agriculture and fisheries), the
adaptive learning insights derived from the coastal communi-
ties have very limited implications for wetland residents due to
their identified climatic risks (e.g., flood, over and under rain-
fall), resource type (e.g., fresh water fisheries, rain-fed rice
cultivation), and cultural practices. Since the government pol-
icies of Bangladesh are generally designed at the national
scale, adaptation policy-related analyses were scarce in the
sub-national studies, which instead focused heavily on eco-
system exposure to climatic risks, the sensitivity of
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agricultural productivity (e.g., rice), the applicability of adap-
tive technologies, and the adaptive changes that have been
undertaken at community levels.

Local studies were mostly case study-based with a relatively
small sample size of communities and/or actors involved. Adger
et al. (2009) suggested that such case-based studies do not pro-
vide in-depth understanding of cross-scalar causes and conse-
quences of climate change and thus do not sufficiently contribute
towards larger-scale generalization. As a result, some confusion
remains regarding the contribution of these local-level studies to
national-level policy. Ford et al. (2010a, b) argued that local-
level studies are important for gaining the in-depth understand-
ing of climate change impacts at local levels with a large num-
ber of variables which interact and co-vary (Gerring 2004).
Consistent with these characteristics of case study research,
the local-level studies conducted on climate change in
Bangladesh provided more contextualized information and un-
derstandings. Such studies were particular- ly focused on
household-level climate sensitivity and adaptive capacities, in-
corporating a wide number of variables and of- fering detailed
descriptions. More specifically, these studies identified a range
of ecosystem and society-specific climatic risks and resident
community responses to explore community-level adaptation
behaviors drawing on local knowledge and experiences (for
further discussion see the “Cross-thematic research and spatial
connectedness in Bangladesh” section). However, this research
was generally not well-integrated with the existing government
interventions in support of adaptation, formal decision-making
processes, multi-scalar knowledge sharing initiatives, and
larger-scale scientific research programs.

Research gaps

Our results revealed the presence of both top-down and bottom-
up approaches to climate change research in Bangladesh.
However, it remains unclear how national government actions
are contributing to sub-national and local scales of operation, and
to what extent the local and sub-national understandings of issues
are reflected in national policy. This suggests that climate change
research in Bangladesh tends towards being authoritative and
technocratic (Ayers et al. 2014), with local-level information
generally insufficient to help understand local climate change
patterns, impacts, and responses. Another research gap that ap-
pears through our analysis relates to the consideration of scale in
the multi-level decision-making processes affecting adaptation
(Gibson et al. 2000). We observed little-to-no research that iden-
tified the appropriate scale of decision-making for different cli-
mate change-related issues and a scarcity of cross-scaler studies
in Bangladesh. As a result, there is likely a mismatch between
local and sub-national conditions and national-level policy re-
sponses (Juhola and Westerhoft 2011; Osbahr et al. 2008).
Moreover, questions related to fairness and equity in the
adaptation-related decision-making processes occurring through
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multi-scaler network governance remain under-researched in the
context of Bangladesh (Adger et al. 2005).

Temporal applicability

Equipped with theoretical grounding (e.g., Kelly and Adger
2000; O’Brien and Leichenko 2000; Burton et al. 2002; Fiissel
and Klein 2004; O'Brien et al. 2007), conceptual framing (e.g.,
Turner et al. 2003; Smit and Wandel 2006; Gallopin 2006; Fiissel
2007), and methodological specifics (e.g., Sullivan 2011; Brooks
et al. 2005; Polsky et al. 2007; Hinkel 2011; Cinner et al. 2012),
climate change vulnerability and adaptation research has been
evolving and aiming to contribute to policy process with more
holistic and “usable” scientific knowledge. However, McNie
(2007) suggested that in order for scientific research to effective-
ly inform public policy, issues related to the salience, credibility,
and legitimacy of the research become important, with salience
related to the timeliness of findings (Ford et al. 2013; Lemos and
Morehouse 2005), credibility indicating reliability of knowledge
and legitimacy closely related to the degree of engagement with
local policy actors and affected stakeholders (Dilling 2007;
Lemos et al. 2012). Ultimately, scientific research is most useful
when key decisions have yet to be made and when the findings
are appropriately contextualized for the relevant decision-makers
(Lemos and Morehouse 2005; Ford et al. 2013; Lemos et al.
2012; Lalor and Hickey 2014).

Trends in climate change research in Bangladesh

Climate change research in Bangladesh has been increasing
(Fig. 1) following global trends (McDowell et al. 2016).
Initially focused on understanding the national climatic
risks and their influence on economic activities like agri-
culture (e.g., Ortiz 1994; Mahmood 1997, 1998), the sci-
entific understanding of climate change in Bangladesh has
been moving towards the exploration of socio-economic
and social-ecological system-based understandings of cli-
matic vulnerability involving stakeholders from different
scales and giving more credibility and legitimacy to the
scientific process (e.g., Ahammad et al. 2014; Anwar and
Takewaka 2014; Ayers et al. 2014). Initial studies mostly
pointed to climate change impacts which significantly
contributed to improving national political consensus on
the need for action. Sea level rise and its consequential
land loss in the southern coastal region, flood propensity,
temperature rise, and irregular rainfall along with corre-
sponding agricultural production losses have been the
main focus of these studies (e.g., Faisal and Parveen
2004; Khan et al. 2000). Such studies have supported
the government in developing climate-sensitive action
plans (e.g., NAPA 2005) and Bangladesh Climate
Change Strategy and Action Plan (BCCSAP 2009), and
have provided a scientific basis from which the



Climate change research in Bangladesh: research gaps and implications for adaptation-related decision-making

1541

government could assess and communicate the country’s
vulnerability in different international fora.

Research into the socio-economic factors related to climate
change was heterogeneously distributed in different geographic
locations, with sub-national and local studies increasing through
time. Along with the increasing identification of locally embed-
ded vulnerability, more recent studies have attempted to identify
the innovativeness and gradual progress of communities in the
face of climate-related shocks. Noticeably, most of these studies
were conducted after the release of the latest national climate
action plan (BCCSAP 2009), meaning that both the NAPA
(2005) and BCCSAP (2009) likely do not well-reflect vulnera-
bility-based approaches to climate change impact assessment. As
a result, many of these studies criticize the existing policy plans
rather contributing to new policy proposals, raising questions
concerning the salience of existing research to policy-making
processes. In contrast, our literature review also suggests that
public participation in research has been increasing over time,
opening opportunities to better consider community innovations,
informal adaptive actions based on indigenous and local knowl-
edge, and social networks—potentially increasing the legitimacy
of research findings.

Research gap

Although impact and vulnerability-based research approaches
are common in the Bangladesh-focused climate change
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*Four months only. Data reflects publications to 30 April 2017.

literature, relatively little formal attention has been paid to
bridging gaps between science and policy and science and
society. For example, no published study has synthesized the
existing knowledge available at different scales. Other re-
search gaps include studies on Bangladesh climate research
credibility and methodological appropriateness (Lemos et al.
2012) and the longitudinal socio-economic changes occurring
through adaptation actions. Based on our review, the effective-
ness of adaptation has not yet been sufficiently assessed to
meaningfully inform Bangladesh policy processes.

Spatial and thematic connectedness

Climatic impacts are not only multi-scaler but also multi-sec-
toral. For example, agriculture is a climate-vulnerable sector
that can be studied to better understand production risks aris-
ing from potential future climatic uncertainties using agricul-
tural productivity and climatic variables. However, as a live-
lihood opportunity and potential area for adaptation, agricul-
ture also needs to be studied using socio-economic and policy
variables. While each type of study on the same sector will
likely produce different interpretations regarding vulnerability
and adaptation, all are potentially important for adaptation
decision-making at various scales. In what follows, we con-
sider each major research theme raised in the literature (e.g.,
agriculture, climate, fisheries) and assume that the underlying
associations among these themes can generate indications of

Scale

— Local

— National

— Sub-national
Total

20167 ‘

2007
2008
2009
2010
2011°
2012
2013
2014
2015
2017*(partial)”

Note: The number of studies depicted exceeds the total number of studies reviewed because of inter sub-national and national level studies.

Fig. 1 Temporal trends in the published papers focusing on climate change in Bangladesh as indexed in ISI and Scopus (1994 to May 2017) (n=348)

@ Springer



1542

H. M. Tuihedur Rahman et al.

what has been studied, to what degree, and what may benefit
from receiving more research focus (see Table 4 for summary
of findings).

Cross-thematic research and spatial connectedness
in Bangladesh

Figure 2 shows that the climate change studies were hetero-
geneously distributed across the national and sub-national
levels (e.g., central, north-eastern, northern, south-eastern,
and southern), with variability in the thematic issue areas cov-
ered. For example, the Southern region has been most widely
studied with the broadest thematic coverage likely because of
the area’s exposure to destructive climatic stresses and disas-
ters such as severe storms, oceanic surge, and saline water
intrusion. National, South-Eastern, and Central regions each
appears to have been studied to a similar degree with generally
broad thematic coverage, while comparatively less research
has been published in the Northern region. Importantly, the
North-Eastern region clearly stands out as the most
understudied area of Bangladesh with very limited thematic
coverage. This result is likely due to poor research infrastruc-
ture and the absence of a centralized scientific research admin-
istration in Bangladesh. Such large regional variation in the
availability of climate change-related evidence has the poten-
tial to lead to policy biases that may perpetuate or exacerbate
the knowledge gaps.

The results of our factor analysis (Online resource 1) fur-
ther reveal the broad themes of the available studies to help
draw a clearer picture of the scientific knowledge base. We
found that six factors (Online resource la) describe almost
50% of the total data variability, broadly classified as environ-
mental conservation, socio-economy, policy response, techno-
logical innovation, and environmental risk, impacts on health,
and impacts on fish resources (see Online resource 1b). We
now provide a more detailed description of these findings in
each sub-national region.

Central region Eighty-two studies (23% of total sample)
were conducted on the central region, focused primarily
on understanding the vulnerability of both urban (particu-
larly the capital city Dhaka) and rural areas to climatic im-
pacts. Climatic exposure studies predict that annual daily
maximum rainfall may become equal to, or more than,
200 mm with a return period of 12 years between 2010
and 2066, observing that rainfall trends are increasing at a
rate of 4.54 mm per year (Ahammad et al. 2014). Gain and
Hoque (2013) show that agricultural land use is highly vul-
nerable to climate change, although it is predicted that such
land use will be altered in coming years through rapid urban
expansion (Molla et al. 2014). Khan et al. (2014), Mynett
and Vojinovic (2009), and Alam and Rabbani (2007) sug-
gest that prolonged water stagnancy is having the largest
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negative impact on the poorest residents of the city who live
in slums. Barua and van Ast (2011) identify that poor and
inefficient infrastructural developments, accompanied by
inefficient institutional and planning process, are the poten-
tial causes of water stagnancy. In addition, residents of
slums are generating adaptation actions to climatic impacts,
particularly related to flood and water stagnancy (Jabeen
et al. 2010; Jabeen and Guy 2015), which largely depend
on the level of household capital assets and social networks
(Braun and ABheuer 2011; Rotberg 2013). In addition,
changing climatic variables including temperature, rainfall,
and flood frequency increment are projected to increase the
risk of diseases like Dengue and Cholera, and will likely
increase the health care costs, particularly for people living
in slums (Banu et al. 2014; Khan et al. 2014; Burkart et al.
2011; Matsuda et al. 2008).

Water scarcity appears as an important climatic conse-
quence in rural areas, particularly during the dry season,
and water flows are predicted to increase during wet seasons
resulting in flood (Gain and Wada 2014; Gain et al. 2013).
Both of these factors are expected to reduce agricultural
productivity in the region, resulting in rural livelihood inse-
curity despite farm-level adaptation actions (Mahmood
1998; Younus 2015; Younus and Harvey 2014). This is
likely to lead to increasing rural-urban migration (Martin
et al. 2014), which largely depends on the social networks
of the affected community members. However, these mi-
grants are also likely to encounter urban climatic exposure
in their new locations suggesting that migration, as a climate
change adaptation, will not be sufficient (Adri and Simon
2017).

North-eastern floodplain The north-eastern floodplain is the
most understudied area in the country with only 25 (6.9%)
published studies appearing in our systematic review. After
studying rainfall and temperature patterns, Nowreen et al.
(2014) and Nury et al. (2017) indicate that annual average
temperatures will increase by almost 3 °C by 2080 from the
base year 1980 in the region. Using rainfall and river water
discharge data, Nowreen et al. (2014) forecast that average
annual rainfall will increase by 2 mm/day, while Masood
and Takeuchi (2016) predict river water discharge will in-
crease from 25 to 104% in the long run resulting in higher
potential for flash flooding, the most destructive climatic im-
pact facing the rural economy and household livelihood
practices. In contrast, Anik and Khan (2012) found that de-
spite the increasing climatic threat, community members are
generating adaptive capacities by innovating and practicing
new technologies, while Pavel et al. (2014) estimated the fi-
nancial efficacy of these practices. Beyond impacts on socio-
economic activities, Rahman et al. (2017), Sohel et al. (2017),
and Deb et al. (2016) identify climatic impacts on the growth
and distribution of different forest plant species.
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Table 4  Description of synthesized knowledge and potential future research questions

Analytical
considerations

Considerations for synthesizing knowledge

What’s needed

What’s known

What’s not known

Spatial scale

Temporal
usability

Cross-thematic
and
geographic
connectivity

* Characterizing vulnerability at different scales and their
interconnectivity (O’Brien et al. 2004)

* Identifying appropriate scale of managing vulnerability
(Haarstad 2014)

* Scale specific knowledge domains that describe
socio-economic and biophysical dynamics (Fiissel,
2007)

* Policy implications of scale specific knowledge

» What knowledge is needed and when should it be
generated (Ford et al. 2013)

* When and from where the knowledge should come
(Ford et al. 2013)

* Identifying knowledge necessities from policy makers
and affected people (Moser 2010)

* What are the future trajectories of climatic change
(Burton et al. 2002)

* What are the potential future climatic stresses (Burton
et al. 2002)

* What are the geographic associations of different
climatic stresses (Simelton et al. 2009)

» Which sectors and societal sects are more exposed to
these stresses (Adger et al. 2005)

* To what extent these sectors (in terms of productivity,
stability and potential) and society (in terms of life
and livelihood opportunities) are either positively or
negatively affected by the stresses (Patwardhan et al.
2009)

» What non-climatic factors are associated with these
stresses (O’Brien and Leichenko 2000)

» How do the non-climatic factors operate and intensify
the stress impacts (Fiissel and Klein 2004)

» How do the affected communities perceive climatic
stress and their impacts for adaptation decision
making (Adger 2006; Adger et al. 2009)

» How do the affected community members intervene
adaptation actions through technological innovations,
creating livelihood opportunities and institutional and
governance modifications (Adger et al. 2009)

* To what extent national and international policy
making contribute to supporting local level
adaptation actions (Fiissel 2007)

» What is the nature of multilevel and multi-scaler
interplay of adaptation governance (Adger et al.
2005)

* Does the national adaptation policy making reflect
local level adaptation demand (Smit and Wandel
2006)

* Scale specific vulnerability knowledge

* Place based biophysical and
socio-economic property based
assessment of vulnerability

» Where, why and how climate impacts
interact with locally specific
socio-economic properties

» Knowledge generated from different
scales in a discrete way

« Initial knowledge focused on national
scale and more emphasize has been
given on sub-national and local scales
recently

» Multiple stakeholder engagement has

been prioritized in contemporary studies
* Future climate forecast at different scales

« Climate impacts on local level
bio-physical properties (e.g., social
property, salinity level, water
availability)

« Future impacts on water resource and
potential future demand

* Future impacts of climate change in
different sectors (e.g., agriculture,
health, fisheries)

* Socio-economic drivers of vulnerability

* Climate impacts on livelihood activities

* Constraints on livelihood adaptation
actions

* Climate impacts in large urban areas

* Nature of climate change induced
rural-urban migration

» Community based adaptation actions,
local innovation and adoption of
new-technologies

* Level of policy support to community
based adaptation actions

« Cross scaler vulnerability assessment

« Scale specific actions for governing
adaptation practices

« Implications of local case studies to
national scale policy making

» Finding options for bridging science-
policy and science-society divide

* Identifying key areas of innovation
necessities for future policy making
and implementation

» Community perceptions regarding
climatic stresses

* Coupled social-ecological system
based vulnerability assessments

* Identification of local bio-physical
properties that can intensify climatic
impacts

* Gender aspects of climate change
impacts

* Vulnerability of socially, politically
and economically marginalized
communities like ethnic minorities

* Vulnerability and adaptation of
extremely natural resource dependent
communities
like north-eastern wetland and south-
eastern hill forest dependent
communities

» Interactions of socio-economic and
socio-political issues with health
sector

* Human vulnerability in small and
peri-urban areas

* Vulnerability of built environment in
coastal and hilly regions

* Climate induced ecosystem
conservation risks

* Multi-level institutional linkage for
governing adaptation actions

* Synthesis of existing knowledge in
terms of sectoral, scaler and
geographic connectedness for policy
incorporation

Northern region This area was the focus of 56 studies (15.4%
of the total). This region is particularly susceptible to seasonal
flooding and drought. Upstream river flow reduction and low
rainfall are the main causes of drought in the area (Shahid
2011a; Etzold et al. 2014). Ahamad et al. (2013) identify these
factors as the cause of seasonal food insecurity, with rural poor
smallholders being the worst affected, locally known as
Monga (seasonal famine). Existing climatologic studies

indicate that annual rainfall will increase by between 1 and
5% over the next 20 years, with pre-monsoon rainfall increas-
ing between 1 and 3% and post-monsoon rainfall increasing
between 3 and 5% during the same time period (Kumar et al.
2014). Gain et al. (2013) and Gain et al. (2011) suggest that
severe flooding due to higher levels of upstream river flow
will occur with a 10-year return period. However, Gain and
Wada (2014) identify that water scarcity during dry spells will
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Fig. 2 Spatial and thematic aspects of the published papers focusing on climate change in Bangladesh as indexed in ISI and Scopus (1994 to May 2017)
(n=363). The number of studies exceeds total n as many papers covered more than one theme

significantly increase in the coming years, which will affect
local socio-economic and ecosystem function.

To escape this situation, affected communities are
adopting different techniques and practices for different
sectors. For example, cropping diversity, intercropping
practices, and small scale irrigation systems are some com-
mon practices identified in agricultural adaptation (Kabir
et al. 2017; Hossain et al. 2016), although Habiba et al.
(2014); Etzold et al. (2014), and Shahid (2011a) note that
excessive ground water harvesting may lead to maladapta-
tion. However, in a recent study, Acharjee et al. (2017)
note that climate change may not always intensify agricul-
tural water use and may instead reduce water demand in
northern region. Enhancing livelihood diversity through
migration is another common practice among the rural
poor of the region (Martin et al. 2014). However, this prac-
tice requires some degree of social capital in order to fa-
cilitate mobilization and adequate housing. In another
study Khan et al. (2014) identify that knowledge and the
use of traditional medicine play a crucial role in health-
related adaptation practices. Notably, Coirolo and
Rahman (2014) suggest that the adoption of adaptation
practices in this region may be challenged by socially em-
bedded power differentials and disproportionate access to
resources among different socio-economic groups, and
thus, call for cross-level institutional linkages and greater
policy support.

Southern region This is the most widely studied region with a
total of 121 published studies (33.3% of the total). It is
regarded as the most climate-vulnerable area of Bangladesh,
exposed to tropical cyclones, oceanic surge, coastal flooding,
sea level rise, saline water intrusion, and land erosion. After
conducting extreme value analysis, Lee (2013) suggested that
extreme sea levels in 2050 due to oceanic surge and sea level
rise, with 100-year return period, will be 2.09 m. Khan et al.
(2000) note that sea surface temperature rise during the
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summer season is responsible for the increasing number of
tropical cyclones in the area. On the other hand, Karim and
Mimura (2008) identify that sea surface temperature and sea
level rise are jointly responsible for oceanic surge and coastal
flooding. They also predict that a 2 °C sea surface temperature
and 0.3-m sea level rise will increase coastal flood risk by
15.3% from the present risk, which is responsible for coastal
erosion. However, Sarwar and Woodroffe (2013) observed
that there is no overall significant change in landform because
of dynamic and active land erosion and accretion characteris-
tics across the coastline. Despite this shoreline feature, the
resident communities, infrastructures, and settlements are
highly exposed to climatic influences due to these dynamics
(Dasgupta et al. 2014), and thus, Hossain et al. (2017) con-
clude that potential climatic and socio-economic change will
limit future local adaptation capacity.

In addition, Mallick et al. (2011) point to the inadequacy of
infrastructure development for disaster protection. They note
that poverty, natural resource-dependent livelihood activities,
and poor institutional empowerment curtail the capacity of
rural smallholders to adapt to disaster and post-disaster situa-
tions. Similarly, inadequate adaptive capacity significantly en-
hances livelihood insecurity and consequently influences
household economic structures. For instance, Mottaleb et al.
(2013) found that rural agrarian households spent the least on
child education during stress periods because of income loss.
Disasters cause internal displacement or forced migration for
the extreme poor and rural smallholders (e.g., post Aila situa-
tion). In addition, they are forced to experiment with new
business approaches without having adequate capital assets
(Kartiki 2011; Martin et al. 2014).

Beyond disaster events, slow changes in environmental fac-
tors (e.g., water and soil salinity) have multi-sectoral influ-
ences. For instance, high saline concentration lowers land pro-
ductivity, which is being gradually converted to shrimp ponds
(Pouliotte et al. 2009). However, poorer people have limited
access to these ponds because shrimp cultivation is labor and
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cost intensive. In addition, production losses due to oceanic
surges, cyclones, and any climatic factors (e.g., rainfall,
drought, water temperature) may destroy partial or total invest-
ment (Kartiki 2011; Ahmed et al. 2013). Although Ahmed and
Diana (2015) and Ahmed and Glaser (2016) have identified
adaptive techniques, Paprocki and Huq (2017) have criticized
the expansion of shrimp cultivation since it shrinks locally
available livelihood opportunities for poorer smallholders.
Additional multi-scalar governance, policy, planning, and tech-
nological and socio-economic constraints are also identified as
being responsible for limiting the adaptive capacity of poorer
smallholders (Islam et al. 2014).

Salinity has been found to affect public health, although a
limited number of studies have sought to understand this is-
sue. Khan et al. (2011a) identify that salinity in drinking water
is increasing the level of salt consumption by the rural people,
leading to mental health issues. They note weak responses
both from the community and government in order to adapt
to this changing scenario.

South-eastern region The south-eastern region was the focus
of 68 published studies (18.7% of the total). The type and
nature of climatic exposure in the south-eastern region is sim-
ilar to the southern region because this area falls under the
coastal territory of the country. Consequently, oceanic storms,
sea level rise, salinity increment, and shoreline changes are the
major threats. Studies reveal that, like the other parts of the
country, farmers and fishers are the two most vulnerable live-
lihood groups in the south-eastern rural areas. Sea surface
temperature rise combined with sea level rise are considered
to be responsible for the increasing trend of cyclones and
oceanic surges in the area (Karim and Mimura 2008).
Landslides resulting from high rainfall and deforestation in
the upland areas of the region are increasing siltation in the
estuaries, responsible for environmental quality degradation
(Lara et al. 2009). To reduce the level of exposure of coastal
communities to saline water intrusion, the government of
Bangladesh has intervened with structural development (e.g.,
polders) along the coastline. However, these establishments
have little effect on protecting agricultural lands from saline
water intrusion because this part of the country has the highest
level of inundation risk. Consequently, it has been observed
that coastal polders will likely be overtopped in several areas
(Dasgupta et al. 2014). Moreover, socio-economic and socio-
cultural features in this area are augmenting the potential vul-
nerability of resident communities. Therefore, Ahmed and
Cokinos (2017) suggest that institutional innovation can di-
rectly influence vulnerability, although Younus (2017) notes
that corruption limits the effectiveness of institutional process.

The unique feature of this area is that migrant land-
less households living in small islands and estuarine
isles are highly exposed to the threat of oceanic surges
due to their remoteness from cyclone shelters (Alam

and Collins 2010). However, they have also noted that
these people have developed their own adaptive learning
mechanisms which support them in pre-disaster adapta-
tion actions, observing that these actions help support
their survival during the disaster period. These actions
involve the establishment of small raised embankments
around the households and migration from the islands to
the mainland (Islam et al. 2014). However, both these
actions are cost intensive and are primarily available to
financially secure households. Mainland communities
are also vulnerable to these risks due to socio-
economic structures, markets, and resource managing
institutions (Islam et al. 2014).

National-level studies National-level studies comprised 126
(34.7%) of the total 363 studies. National-level studies can
be broadly classified as focusing on exposure or policy ques-
tions. The exposure studies are mainly oriented towards
assessing the sensitivity of national agricultural production.
Reviewing different extreme climatic impacts in Bangladesh,
Dastagir (2015) concludes that the frequency of climate-
induced extreme events has been increasing in Bangladesh,
while Mirza et al. (2003) earlier identify that flooding is the
main climatic disturbance for the country because it occurs in
all region in various forms including flash, riverine, rain-fed,
and storm-surge. Other national-level climatic disturbances
are sea level rise and tropical cyclones. Mirza (2003),
Shahid (2011b), and Prasanna et al. (2014) also describe that
extreme rainfall in the upper tributaries of Ganges-Meghna-
Brahmaputra (GMB) river basins and also water from melting
glaciers from the Himalayan mountain range cause flash flood
every year. Again, inland extreme rainfall also significantly
contributes to rain-fed flooding during monsoon and post-
monsoon periods, observed in flooding events that took place
in 1998 and 2007 (Mirza et al. 2003; Prasanna et al. 2014). In
addition, after studying long-term rainfall data, Shahid
(2010a) and Rahman et al. (2013) identify that both pre- and
during monsoon, rainfall is increasing, which may contribute
to early floods, and may significantly affect rice production
(Amin et al. 2015) and crop selection (Maniruzzaman et al.
2015). More specifically, Karim et al. (1996) predicted that
temperature fluctuation and CO, concentration would reduce
wheat and rice production, something that has been felt in
almost all parts of the country for all rice crops (e.g., Aus,
Aman, and Boro) (for detail, see Sarker et al. 2013; Sarker
et al. 2012; Thurlow et al. 2012). Mahmood (1998) sug-
gests that a 1 °C reduction in air temperature will increase
evapotranspiration by 5% for Boro rice (winter rice) and
will result in increasing irrigation demand. Another study
suggests that over and under rainfall during the monsoon
period significantly reduces Aman rice production
(Mahmood et al. 2003; Mahmood et al. 2004). Again,
production reduction has been observed for Aus (pre-
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monsoon rice) because of temperature increases in the
monsoon season (Sarker et al. 2013). Faisal and Parveen
(2004) further suggest that after 2050, there will be sig-
nificant freshwater deficiency for both agriculture and
non-agricultural uses, although sufficient amounts of wa-
ter are expected to be available until 2030. Therefore, they
conclude that this situation will threaten the food security
of the country in the long run. However, they also identify
that national rice production is increasing due to the plant-
ing of high yielding salt and drought tolerant varieties.

Mirza (2002) observes that climate change will have neg-
ative implications for national development. Following this
observation, most of the later studies have mainly focused
on the influence of climate change on agriculture, health,
and community displacement due to livelihood losses and
disaster-related destruction (Rahman 2008; Thurlow et al.
2012; Gray and Mueller 2012). Contradictory findings
emerged from two extensive and robust studies seeking to
understand the consequences of disaster occurrence and crop
loss on livelihood security at the national level. Hassani-
Mahmooei and Parris (2012) developed an agent-based model
for the migration pattern of disaster-affected communities and
predicted that 3—10 million internal migrations will take place
in the next 40 years based on the severity of disaster. In con-
trast, Gray and Mueller (2012) suggested that most of the
internal migration is taking place as a consequence of crop
loss rather than disaster occurrences because labor demand
remains high during the post-disaster situation. Both of these
observations have significant implications for adaptation-
related decision-making in government and require further
research.

Rahman (2008) observed that climate change impacts on
health are generally under-explored in Bangladesh, with most
of the existing research focused on the potential for changes in
the incidence of diarrthea and cholera due to climate change
(e.g., Cash et al. 2008, 2009; Ohtomo et al. 2010). Exceptions
include Burkart et al. (2014) and Nahar et al. (2014), who
reported that heat effects have negative impacts on human
health, particularly on urban elderly residents, and post-
disaster trauma will be particularly evident for rural women,
who are often the worst affected by natural disasters. Here,
Nelson (2003) identifies the direct disaster impact on affected
communities and observes that socio-economic status and high
population density have intensified climate-induced health
risks. Moreover, Shahid (2010b) and Khan et al. (2011b) de-
scribe some indirect impacts of climate change related to
groundwater withdrawal, which intensifies arsenic contamina-
tion, and saline water intrusion, which pollutes freshwater and
creates favorable conditions for infectious diseases.

A large number of studies have also focused on national
climate change policy-making processes in support of build-
ing adaptive capacity through institutional development and
innovation. For example, Ayers et al. (2014) acknowledge the
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advancement of climate-sensitive adaptation planning in
Bangladesh, identifying the National Adaptation Plan for
Action as one of the first. They also identify Bangladesh as
an example of “adaptation mainstreaming” through delibera-
tive adaptation planning. Huq (2011) suggests that
Bangladesh has achieved significant success in adaptive
knowledge management and dissemination, while the country
has a high potential to incorporate mitigation strategies along
with its adaptation planning (Ayers and Huq 2009). Hence, the
disaster management interventions of Bangladesh offer an ex-
ample for many other similarly climate-vulnerable countries
(Huq 2011), although the disaster losses, particularly in infra-
structure, will cause additional cost burdens for the country
(Dasgupta et al. 2011). Huq and Rabbani (2011) have provid-
ed a detailed description of institutional development and
financial mechanisms for bearing the costs of adaptation.
Some other studies have identified concerns and issues
which may reduce the effectiveness of national adaptation
practices. For instance, Coirolo et al. (2013) identify that the
objectives of the existing social protection programs designed
to support affected community members has not been suffi-
ciently realized due to information gaps between community
members and government officials, and the embedded corrup-
tion within the administration. Information gaps also remain
in adaption planning processes which, despite requiring par-
ticipatory and inclusive approaches, often suffer from vague
and inadequate community representation due to elite capture
(Ayers 2011). Moreover, institutionalized policy and political
marginalization of certain community groups (e.g., urban
slum dwellers; women; minority ethnic communities) also
play a crucial role in excluding them from the policy process
(Alam et al. 2011; Banks et al. 2011; Sultana 2010). Ayers
et al. (2014) identify this feature as an obstacle to deliberative
adaptation planning in Bangladesh.

Research gap

Reviewing the existing literature, we observe that climatic ex-
posure at both the national and sub-national scales have been
widely studied using time-series data following a scientific
framing. However, most of these studies rely on the historical
trends of climatic variables in order to predict the future scenar-
io providing us with “outcome”-based vulnerability assess-
ments. Comparatively, few studies have been conducted to un-
derstand how the existing climatic changes are perceived by the
affected communities in Bangladesh. Perception is an individ-
ual construct, and largely depends on the level or capacity to
adapt, and thus can inform residual vulnerability, which Kelly
and Adger (2000) defined as “end-point” vulnerability.
Perception-based understandings could therefore help inform
questions such as what the level of adaptation is, and where
to invest for short and long-term preparedness at both finer and
coarser scales? (Parry 2007; Moser 2010). Other studies aim to
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evaluate the influences of climatic events on production sectors
(e.g., agriculture, fisheries) (Harrison et al. 2013). Patwardhan
et al. (2009) called for more in-depth understanding of sector-
specific vulnerability across scales through multi-sectoral and
multidisciplinary research. This is particularly relevant to the
case of Bangladesh due to the sometimes contrasting observa-
tions made at national and sub-national studies, for example, in
the case of irrigation demand for winter crops (Mahmood 1998;
Acharjee et al. 2017) (for detail see national and northern region
study summaries).

Beyond identifying the nature and extent of climatic stresses,
it is also important to understand the non-climatic stresses that
have the potential to intensify climatic stresses. Cross-scaler in-
stitutional dynamics, market globalization, power, and socio-
economic differentials are some examples of non-climatic stress-
es (Rodima-Taylor et al. 2012; Devine-Wright 2013; Osbahr
et al. 2008; Chapin et al. 2016; Adger et al. 2012). While most
contemporary research in Bangladesh has characterized power
and socio-economic differentials at local scales (e.g., through
end-point and focal-point vulnerability studies), we did not iden-
tify any study that reveals cross-scaler vulnerability dynamics or
market globalization influences on local vulnerability. Notably,
issues facing ethnic minorities, women, and youth have not been
adequately studied with potential implications for adaptation pol-
icy. Further system-based research (Nelson et al. 2007) designed
and implemented through local participation may have greater
applicability to adaptation-related decision-making (Smit and
Wandel 2006; Patwardhan et al. 2009; Ford et al. 2013). Here,
understanding how people generate and share adaptation-related
knowledge at different levels and how adaptation actions are
organized through formal and informal institutions along with
their horizontal and vertical interplay would be valuable (Cash
et al. 2006; Devine-Wright 2013; Temby et al. 2017; Juhola and
Westerhoff 2011; Ford and King 2015).

Conclusion

Synthesizing scientific information has multiple implications
for climate change-related policy-making and practice and can
help to understand what we know and what we need to know.
In this paper, we systematically reviewed climate change re-
search in Bangladesh over a 23-year period based on three
broad aspects: spatial distribution, temporal trends, and the-
matic area, observing research trends and gaps. More specif-
ically, we concentrated on the spatial connectedness, temporal
evolution, and thematic specifications of the studies, observ-
ing that there remains a wide range of research gaps in existing
scholarship. We observed that diverse perspectives of vulner-
ability have been used to examine climate change-related is-
sues in Bangladesh, with significant regional variation in the
number of published studies and the nature of the research
conducted. Efforts to adopt more participatory and

decentralized approaches to climate change-related research
in Bangladesh will likely assist with better understanding
how different climatic stresses are influencing the socio-
economic and social-ecological conditions at different scales.
Also, more locally based studies designed to understand the
capacity of affected people to respond to climatic impacts
through their innovation and available resources can help in-
form public policy. Thematically, the climatic scholarship in
Bangladesh would benefit from more multidisciplinary stud-
ies involving cross-sectoral knowledge integration. Such stud-
ies could benefit from drawing on the large and growing cli-
mate change literature that draws on multi-level systems
thinking. This paper seeks to support more evidence-based
public policy and also to more accurately reflect the diversity
of knowledge gaps and challenges concerning climatic stress-
es in Bangladesh at different scales and in different contexts.
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