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prone areas. Based on 14 focused group discussions, 20 in-depth interviews, and eight key
informant interviews, this study sought to understand the losses and damages experienced by
rural communities in three locations of Bangladesh, which are vulnerable to riverine and flash
floods or cyclones, associated surges & coastal flooding, and salinity intrusion. This paper first
captured people’s perception about different extreme climate events and other climatic stressors
affecting their lives and livelihoods. Considering the latest extreme climate events, the study
estimated the economic loss and damage of individual households — in housing, agriculture, and
health sectors — ranging from US$ 568 to US$ 1054 per household per event. These losses and
damages were highest in the south-western coast than the two flood-prone areas in the north and
north-east, since multiple hazards were causing relatively longer impacts on the coast. As non-
economic losses and damages, change in productive land, stressed mental, emotional, and
physical wellbeing, sacrificing celebrations, temporary migration, and permanent change in
profession were common in all three locations. The study also found that increased adaptive
capacity enabled households to address their extreme climate event-related impacts. Households
of the study locations, who got exposed to information and communication technology, as par-
ticipants of a grassroots development project, have improved their coping and adaptation stra-
tegies by using the accessed information, technologies, and training. They improved their income
by changing agricultural practices and diversifying livelihood options. They also developed
leadership, entrepreneurial skills, and connectivity with different social and institutional net-
works. Building on this evidence, this paper proposed a conceptual framework showcasing the
relationships of adaptive capacity with anticipated higher loss and damage scenarios under
changing climate. This research concluded that more investment on raising adaptive capacity of
households living in climate vulnerable locations is highly required to minimize loss and damage
in the projected climate change scenarios.
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1. Introduction
1.1. Loss and damage (L&D) in the context of climate change

Local communities experience a wide range of impacts due to their vulnerability to different climate-related hazards. When people
deviate from something that they value and can no longer afford it, they see it as a loss (Barnett et al., 2016; McShane, 2017). People
value things that make sense of their place and way of living, such as health, personal safety, sense of belonging, and esteem (Hards,
2011). Losses are irreversible, cannot be repaired, even its restoration is not possible (UNFCCC, 2012a; Lusk, 2017). On the other hand,
when reparation or restoration is possible to a detrimental impact, such as house roof blown away by a storm or part of a mangrove
forest got devastated by a coastal surge, is known as damage (UNFCCC, 2012b; Lusk, 2017). The Warsaw International Mechanism
(WIM) under the United Nations Framework Convention on Climate Change (UNFCCC) has recognized Loss & Damage (L&D) as the
third pillar of climate policy besides mitigation and adaptation (Serdeczny et al., 2016; Roberts and Pelling, 2018). In this paper, we
use lowercase letter “loss and damage” to refer to actual losses and damages occur on the ground, while use capitalized forms “Loss and
Damage” or “L&D” to refer to conceptual issues and policy agenda.

Over the last few years, the discussion on L&D has drawn significant attention to researchers. The L&D discourse in the disaster risk
reduction (DRR) community, however, is not new (Surminski and Lopez, 2015). Currently, L&D is equally discussed in the research
field of climate change adaptation (CCA) and DRR (Birkmann and Welle, 2015). L&D — an issue that was initially raised by the
Alliance of Small Island States (AOSIS) in 1991 as unavoidable impacts of climate change — was formally introduced to the UNFCCC
process through 2007’s Bali Action Plan (Calliari, 2018). Research on L&D mainly focuses on categorizing, assessing, and projecting
impacts in the context of disasters and climate change, including slow-onset events, like sea level rise (Prabhakar et al., 2015). L&D is
broadly categorized as the economic and the non-economic ones which are also meant as tangible and nontangible L&D (Preston,
2017; Serdeczny et al., 2018). Economic L&D are replaceable, whereas Non-Economic L&D (NELD) can be replaceable or non-
replaceable (Tschakert et al., 2019; Wallimann-Helmer et al., 2019). Some examples of non-replaceable, non-economic L&D are
loss of cultural identity, sense of place or indigenous knowledge (Heyward, 2014; Zellentin, 2015). Loss of ecosystems services is an
example of non-economic, replaceable L&D (Andrei et al., 2015). NELD can fundamentally weaken community resilience (Morrissey
and Oliver-Smith, 2013). For example, climate-induced migration and displacement related non-economic matters, such as mental
illness, problems and disorders, increase the exposure of community and decrease the ability of bouncing back (Hayes et al., 2018;
Schwerdtle et al., 2018; Ayeb-Karlsson, 2020a). Additionally, sociopsychological impacts due to climate hazards, such as domestic
abuse, hinder the mental development of children and adolescents (Ayeb-Karlsson, 2020b). Increased climate-induced hazards have
potential to cause both economic and non-economic L&D to local communities who are living in disaster-prone areas (Formetta and
Feyen, 2019). Assessments of loss and damage, therefore, can help to avert, minimize, and address such climate hazard-related losses
and damages.

Responses to climate variability and climate change, as coping or adaptation strategies are meant to keep anticipated risks or
negative effects within a range of tolerance. Loss and damage, however, occur when the risks cannot be kept within such limits
(Wallimann-Helmer, 2015; Schinko et al., 2019). In other words, limits to adaptation (O’Brien, 2009) and adaptation deficits (Roberts
and Pelling, 2018) — gaps between current adaptation practices and the level of adaptation required to adjust the impacts — cause
negative climate change impacts. In this context, van der Geest and Schindler (2017) developed a holistic analytical framework to
assess climate hazard-related losses and damages that include the information regarding the adaptation limits. Moreover, Boyd et al.
(2017) identified four typological perspectives, namely adaptation & mitigation, existential, adaptation limits, and risk management,
to understand L&D. Adaptation limits and risk management perspectives are covered by the analytical framework of van der Geest and
Schindler (2017) for assessing L&D.

1.2. Adaptive capacity in changing climate

The Fifth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC) defines adaptive capacity as “The ability of
systems, institutions, humans and other organisms to adjust to potential damage, to take advantage of opportunities, or to respond to conse-
quence” (Pachauri et al., 2014. p-118). Here adjustment refers to response to the effects of variability, extremes, and ability to utilize
benefits from opportunities. The greater adaptive capacity ensures higher possibility of resilience to climate variability (Folke, 2006).
Moreover, adaptive capacity increases the desire of the households to transform their current state to a resilient state since desire of
changing current state is a socially developed attribute (Robards et al., 2011). As a result, community decides to alter the current
practices or take different actions to address the impacts when climate-related hazards are unavoidable.

There are two types of approaches to measure adaptive capacity — inductive approaches are data driven, while deductive ap-
proaches are guided by theories (Matewos, 2020). In 2010, Lindsey Jones and his coworkers proposed the ‘Local Adaptive Capacity
(LAC) Framework’ — based on the work under the Africa Climate Change Resilience Alliance (ACCRA) programme — which was later
revisited by Jones et al. (2019). This framework identifies five distinct, but interdependent parameters, namely asset base, institutions
and entitlements, knowledge & information, innovation, and flexible and forward-looking decision-making and governance, which
can shape the adaptive capacity of a household or a community. Such a framework — which brings in different interconnected features
within which a social entity, like a household, operates and evolves in the face of change — can be useful in measuring adaptive
capacity of local community vulnerable to climate hazard under changing climate.
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1.3. Interaction between L&D and adaptive capacity

The increasing frequency and intensity of extreme climate events and the vulnerability of geographic locations increase the degree
of loss and damage. Therefore, ex-ante adaptive actions, such as increased adaptive capacity that qualify households to take effective
preventions, may build resilience before climate extreme events or slow-onset events occur Boyd et al., 2017). Ex-post adaptive ac-
tions, such as incorporating the actions of increasing adaptive capacity with social safety nets, may also help to those who already
experienced loss and damage. Unavailability of technological or socioeconomic options, which is known as the soft limits of adaptation
(Mechler et al., 2020), may be reduced through effective implementations of previously mentioned adaptive actions. There is a modest
pool of global literature on L&D and adaptive capacity (Heikkila et al., 2013; Elena and Meza, 2015; Choudhury and Haque, 2016). But
it almost exclusively deals with either of these two related concepts. Therefore, an investigation into how L&D and adaptive capacity
interact could give us a new insight into our understanding of resilience of climate-vulnerable local community.

Bangladesh — the seventh most-extreme-weather-events-affected country that saw 191 events during 1999-2018 (Eckstein et al.,
2019) — offers an appropriate space to explore interactions between L&D and adaptive capacity. According to the special report on
global warming of 1.5 °C of the IPCC, South Asia, which Bangladesh is a part of, experiences hot extremes due to the global warming
(Hoegh-Guldberg et al., 2018). The report also highlights the regional anthropogenic warming on land is generally more than 1.5 °C,
even when the mean global warming is at 1.5 °C. Temperature extremes and heavy precipitation in this region increased during
1991-2010 period in comparison with 1960-1979 periods due to 0.5 °C temperature rises between these two periods (Schleussner
etal., 2017). In regards to such warming, an increase to rainfall-associated severe tropical cyclones and floods is projected in the Bay of
Bengal region, where Bangladesh is located (Hoegh-Guldberg et al., 2018). Moreover, climate change related extreme weather events
are expected to increase in frequency and intensity, which would cause severe loss and damage due to insufficient adaptation options
(Hay and Mimura, 2010; Hirsch et al., 2015).

In reality, Bangladesh is already experiencing climate-related extreme weather events in recent decade. Since 2013, for example,
several cyclonic storms, namely Mohashen/Viyaru (May 2013), Roanu (May 2016), Mora (May 2017), Fani (May 2019), Bulbul (Nov
2019), and Amphan (May 2020), with maximum wind speed 100 to 260 km per hour hit the Bangladesh coast. In 2017, Bangladesh
experienced extensively long period of flooding that inundated 42% of country affecting 6.1 million people (Davis, 2017). In 2020, as
of 25 July, floods affected 24% of the country and almost 3.3 million people. Earlier, in 2013, 2014, 2016, and 2018, 21%, 28%, 33%,
and 23% of the country, respectively, got flood affected (Flood Forecasting and Warning Centre, n.d.).

Against this backdrop, we designed the present study fulfilling three purposes. First, we created an evidence base of loss and
damage from climate-related hazards by working with the local communities in three areas of Bangladesh prone to either flood or
cyclone. We used the analytical framework proposed by van der Geest and Schindler (2017) to analyze different levels of loss and
damage experienced by climate vulnerable households of those locations. We also analyzed NELD. Second, by adopting Jones et al.
(2019)’s LAC Framework, we assessed the status of adaptive capacity of the same households in minimizing their climate hazard-
related L&D. Finally, we showed how L&D and adaptive capacity may interplay in local communities’ climate vulnerability-
resilience context and proposed a conceptual framework on this interaction to add insights into community resilience conversation.

Climate variability related extreme weather events

Household Vulnerability

Preventive measures to deal with climate variability

Loss and Damage from direct impacts of climatic events
(L&D1)

Coping/adaptation strategies to deal with impacts of
climatic events

Cost and adverse effects of coping/adaptation strategies
(L&D2)

Fig. 1. Analytical framework to assess loss and damage due to different climate stressors, including climate variability associated risks and hazards,
climate-related events or disasters, and climate change-related changes in frequency and intensity of extreme weather events. Source: Author.
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2. Frameworks to assess loss and damage and adaptive capacity
2.1. Analytical framework to assess loss & damage

An assessment of L&D includes the condition of social vulnerability to climate stressors and a lack of coping and adaptive capacity
to deal with those stressors (van der Geest and Schindler, 2017). Warner and van der Geest (2013) identified four L&D pathways in
terms of measures taken or not taken to address L&D: i) measures to prevent, cope or adapt are not enough to avoid L&D; ii) measures
have costs that are not regained; iii) erosive measures that make people more vulnerable; and iv) adopt no measures. van der Geest and
Schindler (2017) developed an analytical framework to assess climate hazard-related L&D by focusing on these pathways. Fig. 1 is the
adopted schematic presentation of this analytical framework. To assess extreme event-related loss and damage, we gathered quali-
tative and quantitative data on six research domains: i) households’ perception of climatic stressors; ii) livelihood vulnerability to the
impacts of those stressors; iii) preventive measures to deal with the risks; iv) first order loss & damage (L&D1) despite taking pre-
ventive measures; v) coping and adaptive strategies; and vi) loss & damage related to the costs of coping and adaptive strategies
(L&D2). The feedback loop in Fig. 1 connecting L&D back to the household’s vulnerability is when the intensity and magnitude of
extreme events cause huge amount of losses and damages.

The framework mentioned three types of household responses, namely, preventive measures, coping, and adaptation strategies to
climate-related stressors. Preventive measures are usually adopted in response to normal climate variability related extreme events, as
a part of disaster risk reduction. Households’ responses, such as building physical protection, risk spreading (e.g. insurance), creating
buffers (e.g. savings), and establishing safety net are known as preventive measures (van der Geest and Schindler, 2017). Coping
strategies are short-term responses and use location specific skills, resources, and opportunities to address adverse effects of extreme
events, such as storm or drought (IPCC, 2012; Ashraf and Routray, 2013). In the field of disaster research, coping strategies are used by
people in the aftermath of extreme events to survive or get back to normal life. Selling assets, engaging in petty trade, taking loans, and
receiving food aid and relief are some examples of coping strategies (Aryal et al., 2020). On the other hand, adaptation strategies are
long-term strategies, which are mostly changeable in broader environmental circumstances (Gallopin, 2006). Effective adaptation
strategies can reduce vulnerabilities of people to adverse impacts of climate hazards and ensure sustainability. Agricultural change,
livelihood diversification, and migration are some examples of adaptation strategies (Aryal et al., 2020).

Finally, a list of climate change related intangible harm, non-economic loss and damage is selected according to Mayer (2017),
Hayes et al. (2018), Serdeczny et al. (2018), Tschakert et al. (2019), McNamara and Jackson (2019), Ayeb-Karlsson (2020a, 2020b),
and McNamara et al. (2021), that have values important in people’s lives. Climate change related intangible impacts, such as cultural,
symbolic, effect on place and culture (Tschakert et al., 2017) are assessed upon context and extent of the people’s lived experiences
with climatic hazards.

2.2. Theoretical framework to map adaptive capacity

To explore the adaptive capacity of people addressing loss and damage in different locations, we adopted a theoretical framework
called ‘Local Adaptive Capacity (LAC) Framework’ (Jones et al., 2019). The framework has five components defined as the charac-
teristics of adaptive capacity. The first characteristic of this framework is ‘asset base’, which indicates the presence of a wide range of
vital livelihood assets allowing a household or a community to respond to changing situations around them. The second characteristic
‘institutions and entitlements’ highlights the importance of suitable, evolving institutional arrangements that would permit house-
holds and communities to access as well as receive entitlement to key capitals and assets.

The third characteristics is households’ or communities’ ability to produce, collate, evaluate, and share ‘knowledge and infor-
mation’ to support suitable adaptive measures. To take benefits from new opportunities, an enabling environment is crucial that fosters
experimentation and learning, as well as ‘innovation” — the fourth characteristics of the framework. Finally, ‘flexible and forward-
looking decision making and governance’ is the fifth characteristic, which focuses on the ability of a household or a community to
predict, include, and respond to changes in environmental, social, and political conditions they are in, in terms of governance,
structure, and planning. Despite their distinctive features, these five adaptive capacity characteristics do not operate in isolation (Jones
et al., 2019). The decision making and planning capacity and innovation are strongly linked with the availability of knowledge and
information and supportive institutional environment, for example. The above mentioned characteristics of the adaptive capacity built
on the experiences of using it in several African countries during 2009-2013— have recently been applied to map the adaptive capacity
of rural households to climate change in a drought-prone region of Ethiopia (Matewos, 2020).

3. Methodology
3.1. Study areas

The topography and geographical location of Bangladesh make it particularly susceptible to different climate-related hazards, like
floods, cyclones, and storm surges. Both the biophysical factors, such as flat and low-lying land (Ayers et al., 2014) and socio-economic
factors, such as high dependence on agriculture, population density, and poverty (Thomas et al., 2013) make those hazards severely
impactful.

In this context, the present study selected three locations, namely south-western coast, north-western floodplain, and north-eastern
wetland essentially to assess extreme weather event-related loss and damage. The study areas of this research are Borokupot village,
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Shyamnagar Upazila (Upazila is sub-district, the lowest administrative unit in Bangladesh) (22.3306°N, 89.1028°E), Satkhira district;
Dakshin Kharibari village, Dimla Upazila (26.1278°N, 88.9250°E), Nilphamari district; and Bhobanipur and Shontoshpur villages,
Tahirpur Upazila (25.0917°N, 91.1750°E), Sunamganj district. These three locations were selected as these are highly vulnerable to
cyclones and tidal surges (the first area) and floods (the remaining two). These hazards cause huge loss of lives, crops, and homes and
damage to infrastructure and assets in those areas.

To explore the approaches to address loss and damage, we looked into a project supported by Oxfam in Bangladesh and Monash
University, Australia entitled ‘Participatory Research and Ownership with Technology, Information and Change’ (PROTIC) (www.
proticbd.info) since it was working in the above three areas to raise the economic condition of the poor people to address extreme
weather event-related impacts. The PROTIC used technology addressing societal problems, accumulating knowledge, and using social
media and other channel of communications to encourage emergence of local change agents or leaders. Information and communi-
cation technology (ICT) may address avoidable loss and damage through successful adaptation measures, by improving the effec-
tiveness of adaptation, enhancing disaster preparedness, and adaptive capacity. We therefore considered the PROTIC for exploring the
functions of ICT in increasing people’s adaptive capacity.

3.2. Data collection

The primary data of this study was collected during July-September 2019. Qualitative information was collected to assess loss and
damage and to discuss how households were addressing those losses and damages in increasing adaptive capacity and resilience.
Qualitative data was collected following the frameworks described in Section 2. Eight focused group discussions (FGDs) (12-15
participants in each group and two or three FGDs in each location) were held with the treatment groups (with individuals who received
benefits from the PROTIC). Another six FGDs were conducted with the control groups (with individuals who did not receive benefits
from the PROTIC). As the PROTIC targeted only women of the households, the study participants in the FGDs were women only. One
pilot FGD was conducted with semi-structured questions. Based on the feedback, the questionnaire was finalized and used to conduct
all FGDs. The FGDs were arranged by the project staff based in the respective locations. The authors alone conducted all FGDs where
the discussions were recorded by using voice recorders and by taking notes on paper.

At the beginning of each FGD and interview, the authors explained the purpose of the study and the expected use of the collected
information to the study participants. The FGDs gathered information on climate variability related events, household and societal
impacts, coping and adapting strategies, and adaptive capacities, which are the key concepts of this research. The FGD questionnaire
used open questions about coping and adaptation measures. To capture people’s perception on addressing loss and damage in the light
of increased adaptive capacity, the authors collected data on five adaptive capacity characteristics as outlined in Section 2.

The authors also conducted 20 in-depth interviews with the women who were mostly housewives. The household heads or main
income earners of these families were mostly farmers, day laborers, and fish farmers. In order to avoid the biasness of data and see the
differences in adaptive capacity, primary data was collected from both the groups (treatment and control). In addition, the authors
conducted eight key informant interviews (KII) with agriculture, livestock, fisheries, and project implementation officers and Upazila
Nirbahi Officer (or sub-district executive officer) stationed at relevant sub-district administration offices to validate the information on
losses and damages.

3.3. Data analysis

To start the data analysis, the authors transcribed all FGD and interview responses into text. The data was then organized and coded
under the themes, namely preventive measures, coping and adaptive strategies, asset base, institutions and entitlements, knowledge
and information, innovations, and flexible and forward-looking decision making and governance, based on the analytical and theo-
retical frameworks (Section 2). Finally, after a close examination, they clustered meaningful similar replies from the respondents under
each of the themes.

To calculate the costs of damages in crops, the authors collected the data of the local market price of rice. Similar technique was
applied for calculating the cost of damages in vegetables, fisheries, cattle, and poultry. For housing, they collected data on cost for
installing structural preventive measures before the climate events and the repair cost after the events. Based on the feedback from all
study participants of all FGDs in a particular location, the loss and damage was estimated for the recent most extreme event in different
sectors, namely housing, agriculture, and health, for an average household. In addition to economic loss and damage, non-economic
loss and damage (NELD) was also analyzed by following the classification of Tschakert et al. (2019).

4. Results

The study found agriculture as the main livelihood option in all three study areas. The FGDs revealed that farming agriculture crops
(e.g. rice and corn), homestead gardening, cattle rearing, freshwater fish farming, and working as day laborer were common as well.
Among aquaculture practices, prawn and crab farming was common in coastal Shyamnagar. Seasonal out-migration in search for work
was also common at the study sites. Other than these livelihood options, some respondents in Shyamnagar were found to prepare the
boxes for sweetmeat shops and a few participants in northern Dimla worked as tailors.
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4.1. Perception of climate stressors

During the FGDs, almost all participants in Dimla and Tahirpur identified flood as the most severe climate hazard — mentioning
their experiences of the recent most devastating flood of 2017. After floods, most of the participants in Dimla in northern Bangladesh
mentioned river-bank erosion, cold wave, and hailstorm as other major hazards. On the other hand, drought, hailstorm, and high
temperature were the major climate stressors in Tahirpur in the east of Bangladesh. Respondents in coastal Shyamnagar mentioned
salinity as the prime hazard, followed by cyclone, drought, and temperature rise.

4.2. Preventive measures

At the beginning of most of the FGDs, participants expressed their disappointment in government initiatives in tackling hazards.
They perceived that government was solely responsible for disaster preparedness. However, as the discussions progressed, the FGD
participants shared the preventive measures they employed for their households. Table 1 shows different preventive measures
practiced by the participants against extreme climate events. The major hazards included floods (both riverine and flash floods) and
cyclones and associated surges and coastal flooding. Some preventive measures were practiced against one hazard, while some
measures dealt with more than one.

4.3. First order loss and damage (L&D1)

The first order loss and damage took place despite having preventive measures in place. From the FGDs, L&D1, as a direct impact of
climate-related hazards, were recorded at two levels: i) harvest failure and ii) damage to infrastructure. Rice — the most commonly
cultivated crop in almost all the study areas — was cultivate by a few participants on their own land, but by many on others’ arable
land. When respondents cultivated rice in others’ land, they needed to spend extra money for borrowing the land. Failure to collect the
crops before a climate hazard hit their locality means losing all their harvest as well as the investments. Most of the participants stored
the harvest for family consumption and few sold in the market, if they were successful in collecting the crops without any problem.

Table 2 shows amounts of loss and damage incurred by an individual household in different sectors as a direct impact of the last
extreme climate event, either flood or cyclone. Crops and fisheries were the major sectors got impacted by floods and cyclones,
respectively. In all locations, agriculture was followed by damage to houses by these extreme events. The loss and damage estimation
varied significantly among locations, where Shyamnagar showed highest figure with US$ 1054 per household, followed by Tahirpur
(US$ 699 per household) and Dimla (US$ 568 per household). The FGDs also revealed several other types of loss and damage. For
example, people living in rural areas of Bangladesh use dried cow-dung, dried jute sticks, and fuel-wood as cooking fuel. Many par-
ticipants lost their cooking fuel in flood water, which was not financially large in amount, but had caused great inconvenience in terms
of food consumption. Based on the above-mentioned losses and damages it is understood that the preventive measures applied by the
participants were not always effective in addressing negative impacts of hazards.

4.4. Coping and adaptive measures to extreme climate events
Major coping strategies practiced by the participants in the study locations to deal with the impacts of extreme climate events are

presented in Table 3. The most common recorded coping strategies in all three study locations included, receiving food aid and other
relief materials, taking loans, and modifying food consumption besides this, selling assets and seasonal migration were also among the

Table 1
Preventive measures practiced by the study participants to deal with extreme climate events as revealed by FGDs in three study areas.

Preventive Participants’ responses’
measures

Physical protection e Raise the height of houses (F)

Use strong pillars made from wood or cement to increase the strength of houses (C, F)

Put latrines in safer place or raise the latrine-base above known flood level (F)

Instead of straw, use corrugated iron sheet or pillar to prepare the houses (C, F)

Raise the edges of ponds or put net around ponds (C, F)

Put soil-filled sacks in front of houses to protect from the high wave (C, F)

Use brick on the floor of cattle-sheds and raise the base of the chicken-sheds and duck-sheds (C, F)
Planting trees to reduce the wind speed during cyclone (C)

Risk spreading e Example include insurance, but was not practiced

Creating buffers e Savings with different non-governmental organizations/Micro-finance Institutions (MFI) from which they could take
loans (C, F)

Build safety nets e Stored dry food, fuel wood, and dried cow-dung (as fuel) (C, F)

o Stored ready-made oral rehydration solution packets and medicines
e Portable cooking stove (C, F)

lParticipants’ responses to extreme climate events included cyclone (C) and associated surges and coastal flooding and flood (F) (both riverine and
flash floods).
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Table 2
Estimated loss and damage incurred by individual household in different sectors because of the last extreme climate event in a study location. Data
was collected through FGDs held during July-September 2019.

Extreme event Location Impact sector Estimated loss and damage incurred per household per event (US$)"
Cyclone Shyamnagar Housing 188
Crop 200
Vegetables 67
Fisheries 488
Cattle 43
Poultry 25
Health 43
Flood Dimla Housing 130
Crops 228
Vegetables 50
Fisheries 80
Cattle 15
Poultry 10
Health 55
Flood Tahirpur Housing 118
Crops 250
Vegetables 83
Fisheries 30
Cattle 50
Poultry 30
Health 38
Traditional bed mat 100

1 US$ 1 = Bangladeshi Taka 85.

Table 3
Coping strategies followed by the study participants to deal with extreme climate events as revealed by FGDs in three study areas.
Coping strategies Participants’ responses1
Rely on social networks Support from different local governmental offices, NGOs operating locally, e.g. BRAC, CNRS, Pollisree, and RDRS. These NGOs
helped to build new latrines and tube-wells for drinking water supply. Relatives also provided food (C, F)
Food aid and other relief Relief support from local NGOs, government offices, university students, and charities (C, F)
Selling assets Gold ornaments and cattle (C, F)
Modifying food consumption One meal in a day or modified menu with lower nutritional value (C, F)
Migration Temporary migration to other districts to support families (F)
Use of buffers (savings or stored ~ Money they saved with different local cooperative societies (C, F)
food)
Taking loans From different local NGOs and micro-finance institutions (C, F)
Reducing expenses Sacrificed celebrating religious festivals (C, F)

1Participants’ responses to extreme climate events included cyclone (C) and associated surges and coastal flooding and flood (F) (both riverine and
flash floods)

highly practiced coping strategies in Tahirpur located in the flash flood-prone north-eastern part of Bangladesh.

I'sold cow and with the help of that money, my husband repaid loans, bought grass for the remaining cows. During natural hazards we are
forced to sell our cattle in cheaper price.
Pronoti Rani Devi, Tahirpur (name changed)

Besides the coping measures, few participants also adopted some adaptation measures, such as cultivating salt-tolerant rice va-
rieties and hybrid vegetables in coastal Shyamnagar, and early-ripening or short-term rice varieties in flood-prone Dimla and Tahirpur.
Many participants mentioned that they were unable to diversify their main livelihoods. They had to produce rice anyhow despite the
risk of losing harvest associated with it; otherwise, they would need more money to buy rice, which was sometimes beyond their
capacity. Therefore, majority of the people tried to cultivate rice either on their own land or on borrowed land.

4.5. Second order loss and damage (L&D2)

This second order impact of loss and damage is related to costs incurred, even after the previously mentioned coping and adaptation
measures (Section 4.4). The FGDs and interviews showed that the labor crises and cost of cultivation increased in the study locations.
This was due to labor shortage during the rice cultivation period as people were migrating to big cities in search of livelihoods.
Significant costs, therefore, were added to rice cultivation at normal times as well as after any extreme event. Some study participants
also noted that the crop yield and income from hybrid varieties were lower than the regular varieties to some extent.

Many participants stated that some families resettled themselves from risk-prone low land to safer higher land after experiencing
flood repeatedly. Although this resettlement reduced their physical exposure to flood, they needed to spend a significant amount of
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money to resettle, which stressed their family expenses and savings. Moreover, the soil fertility of the relocated area was not satis-
factory and they were unable to produce food. Some families just shifted their houses and still cultivated in their old land. However,
this wasted their time and energy as they had to commute long distances between their new and old places. Nevertheless, the risk of
losing crops remained the same, if a flood would strike again.

4.6. Non-economic loss and damage (NELD)

In addition to economic loss and damage, study participants also expressed their losses and damages in non-economic terms.
Table 4 captures evidence of these NELD from the study locations. The nature of NELD varied between locations and climate hazards in
question. The study participants in coastal Shyamnagar — facing sever salinity intrusion, cyclones and surges — appeared to expe-
rience more NELD than the other two sites. Some issues were common in more or less all locations, such as change in productive land
availability, stressed mental and emotional well-being, pressure on health from disaster-associated diseases, sacrificing ceremonies
and celebrations, temporary migration, and permanent change in profession.

4.7. State of adaptive capacity

The PROTIC provided project participants with smart phones and internet facilities in the treatment villages in all study locations to
increase their adaptive capacity. In addition to the devices and monthly internet-data support, the project also enhanced the
knowledge and skills of those participants through training in using social media platform (e.g. Facebook) and mobile apps on agri-
culture, fisheries and cattle rearing that contain information on diseases and advanced agricultural techniques. Fig. 2 shows the impact
of ICT-based services and training to the participants’ lives and the relationship with the five characteristics of adaptive capacity. The
following sections describe the pathways in terms of different characteristics of adaptive capacity.

4.7.1. Increased access to information and knowledge improved livelihood assets

From the FGDs in the treatment villages, two major changes were identified that improved adaptive capacity through better
livelihoods assets. The first change was direct access to weather information and its utilization. Since 2017, the study participants
started receiving early warning messages about climatic events, like heavy rainfall, high temperature, hailstorms, and floods, on their
project-supported mobile phones. As a result, they became well-prepared to calamities more than before. For example, in 2019, the

Table 4
Lived experiences of non-economic loss and damage (NELD). Cyclones and associated surges and coastal flooding were major climate hazards in
coastal Shyamnagar, whereas floods (riverine and flash flood) were the dominant hazards in Dimla and Tahirpur.

Domains of NELD (Examples of intangible harm)

Lived experiences with harm

Biodiversity (Loss of animal, loss of land for crops and animal husbandry,
diminished living spaces for animals

Productive land and habitat (Cropland and saltwater intrusion onto arable land)

Mental and emotional well-being (Existential threats, Trauma due to witnessing
huge loss)

Physical health (Disease, Malnutrition, food insecurity)

Culture (Lack of money for ceremonies)

Territory (Disappearance of indigenous land, temporary migration)

Self-determination and Influence: People’s capacity to exert control over their

lives (Feeling of being at the mercy of nature, without any control; Feeling of
helplessness)

Participants from coastal Shyamnagar mentioned about their loss land and
diminished living spaces for animals. They also mentioned that they were
unable to grow any vascular plants after the cyclone due to increased salinity.
They hardly had any sources of drinking water.

Participants from coastal Shyamnagar mentioned that they were unable to
cultivate rice for more than five years after the Cyclone Aila (2009) and at this
moment (2019) they could grow only one crop per year, whereas before could
have twice a year. The grazing land became saline and as a result they had to
give up cattle farming. In flood-prone areas, flood-affected people also
experienced scarcity of food for their surviving cattle as the grazing fields got
inundated.

A participant in coastal Shyamnagar mentioned that her husband started crying
after discovering the loss in their fisheries business. He was mentally depressed
for more than a month. Another participant from Dimla mentioned about the
mental stress on repaying loan that she borrowed to recover from floods.
Many participants in all the study locations suffered from diarrhea during and
after the disasters and they had to buy a lot of medicines.

Many participants in all the study locations were forced to give up the joy of
religious festivals after the disasters. One participant from Dimla mentioned
that she had to cancel the wedding ceremony of her daughter as her house got
totally damaged.

Some participants from coastal Shyamnagar and Tahirpur mentioned that a few
household heads temporarily moved to big cities, like capital Dhaka and port-
city Chittagong, to work as rickshaw-pullers, masons, or day laborers. Several
people who were once farmers, now pull rickshaw-van and left farming
profession. On the other hand, several participants from Dimla informed that
shifting to a safer place within the same locality could not ensure that the new
site would be beneficial for agriculture.

Almost all participants from all locations mentioned their helplessness during
and after disasters. They also told that the disasters would harm them no matter
how much they try to increase their ability to deal with disasters, since they had
no power to prevent disasters.
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Strategies applied by Impacts of the strategies Relevancy to the characteristics
the study participants of adaptive capacity

Increased access to timely and
accurate information

Asset base -

Using smart-phone Diversified livelihoods Institutions &

- entitlements

Increased connectivity

Sharing information ——— > Strengthened social coherence fnowledga s
g g information

Using mobile Enhanced agricultural production and

technologies (apps) income from non-farm & other sources

Innovation

Using social media Improved entrepreneurial skills AR S )
) looking decision making
Training for capacity building — Improved leadership

and governance

Fig. 2. Pathways to increase adaptive capacity as revealed by the present study in three locations of Bangladesh facing climate hazards, like floods,
cyclones, and salinity. The adaptive characteristics and circular diagram are adopted from Jones et al. (2019) as outlined in Section 2 of this paper.
Source: Author.

respondents of Dimla and Tahirpur were able to cut their crops, thus saved their harvest, before starting of heavy rain as they got early
warning messages directly on their mobile phones in Bangla (local language). Weather updates were also helping them to harvest their
vegetables before any hazard hit the area and reduced the amount of losses from aquaculture.

This new scenario represents a significant change in the early warning dissemination system in these villages. Previously, the early
warning message sending-system took longer to send the update on a hazard to the villagers. First, the message went from Upazila (sub-
district) to Union Parishad (UP). (Union is the smallest local government unit in Bangladesh and made up of several villages, and
several unions make up an Upazila or sub-district. A UP is the elected council of a union.) The message then went to the members of an
UP or the local mosque. Finally, the villagers got the message through public announcement system from the mosque. But, by that time,
the severity of the hazard reached to a higher magnitude, causing asset and livelihood loss and damage.

The second change was seen when improved access to digital information and knowledge and better advisory services by using ICT
protected livelihood assets. Livestock rearing, for example, is a very important source of non-farm income, mostly managed by women,
in all study locations. But in the past, when their cattle got sick, the women were unable to tackle it as the social norm did not allow
them to go outside and seek advice from veterinarians and get treatments for the livestock. They often used the same medicine for all
types of veterinary diseases. During the present study, it was learnt that information received from the agriculture-based mobile apps
and consultation with veterinary doctor through video call were enabling participating women to provide proper treatment to their
cattle as well as poultry.

Similarly, with the help of training and knowledge on advanced technology to cultivate vegetables, households improved their
production system. Due to saline soil, vegetable cultivation is a challenge in coastal Shyamnagar. Learning from the mobile apps,
participants there started cultivating vegetables in sacks full of fertile, less saline soil. Furthermore, agriculture-based mobile apps
increased the knowledge on crop diseases and allowed to get and apply the remedies as needed. Improved knowledge subsequently
increased vegetables production in all localities. After meeting family demands, excess vegetables were sold in the local market. This
extra income often became part of the household savings by the women to be used after disasters. Case study 1 captures a story of a
woman who saved crop loss and gained better market access by using updated information on agriculture.

Case Study 1

“Pochmer batash” in local dialect of Sunamganj area (north-eastern wetland) means the “wind blowing from the west”. Like
many other women in this area, Fahima Begum believed that blast disease of rice (a fungal disease) occurred due to “Pochmer
batash” and, with that belief, her family had been cultivating rice for years. However, scientific information received by using
mobile helped Fahima to understand the fact. The information helped her to eliminate superstition and prevent rice blast. She
used smart phone to check the symptoms from the online resources. She also cross-checked it by consulting with an expert over
phone facilitated by a call center-based agricultural support provider. As a result, Fahima could now take care of rice blast
disease in her fields, which was not possible earlier. Moreover, now she was contacting with the wholesalers directly to sell her
vegetables and was negotiating for good prices as she had access to market information. Thus, access to information through
information technology raised her coping capacity to overcome climatic hazard-related damages.
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4.7.2. Developed innovation skills

Micro-level technical innovation, such as digital marketing and learning new techniques from YouTube videos helped the study
participants in treatment villages to reduce shocks to livelihood and ensured a dynamic and functioning livelihood. This increased
households’ economic ability and enabled them to take risks and find investments for innovative technologies. Many participants in all
the locations started using digital technology to learn new things to increase their income:

Before, I used to get 20 Taka (25 cent in USD) only for sewing one piece of blouse. Other than this, I didn’t know how to sew any other
dresses. Now-a-days YouTube is helping me to earn more money by applying the updated design and technique of sewing kamij (a local
dress), blouse, and other women dresses. I am now contributing to the household expenses of my family. Moreover, once my sewing
machine had some defect and I was unable to sew artymore. I took it to the local market to fix it. Unfortunately, the mechanic was unable
to fix it. With the help of machine fixing video documentary on YouTube, I finally succeeded to fix it by myself.

Mosammat Salma Akter, Tahirpur (name changed)

Participants started altering existing practices, resources, and behavior and got involved in earning to strengthen their capacity to
face environmental changes. Access to internet brings the online platform to the participants and turns them into successful entre-
preneurs. A participant from Shyamnagar mentioned that she did not own land. However, she used to cultivate some crops by
borrowing land from others. During the Cyclone Aila in 2009, she lost all her harvest and left cultivating crops. Later, she started
preparing paper-made boxes for local sweetshops. With the help of smart phone and internet connection, she opened her Facebook
account and advertised her hand-made boxes for sweets. Different sweetshop owners from other villages directly contact with her to
buy the sweet-box, which raised her income. Thus, a simple vulnerable woman of a remote coastal village turned into an entrepreneur
and raised her adaptive capacities to face future disasters better.

4.7.3. Increased leadership in flexible decision making and connectivity with institutions

Many study participants who engaged themselves in income generating activities and got involved with wider world through
internet, also broadened their perception towards societal norms and practices. Previously single-headed families, therefore, trans-
formed into multi-headed families. Engagement with multi-dimensional work also increased the voice and leadership of the study
participants. One participant from Tahirpur noted that she was not brave enough to go out of her village during or after hazards.
However, knowledge, information and access to market raised her courage and now she thought to sell her products in big cities as
well. Similarly, after seeing one participant, others also got involved in improving income generation (Case Study 2).

Study participants also established connection with different government officials, such as livestock and fisheries officers of
respective sub-districts. If they faced any problem related to their livelihoods, crop diseases or early warning, they directly contacted
the respective officials. Participants now maintain a strong relationship with different local institutions.

FGD participants from the control groups in three locations did not receive any support from the PROTIC. They did not receive any
capacity building training on agriculture and information technology. They were not introduced with mobile phone-based or internet-
based weather and agricultural services. Moreover, their connection with different local governmental officials and service providers
was not quite developed. All these acted as constraints to increase adaptive capacity among the control groups.

5. Discussion
5.1. Relationship between extreme climate events and climate change

Bangladesh is situated on the delta of the Ganges-Bramhaputra-Meghna (GBM) river basin with only 10% land is above 1 m mean
sea level (Karim and Mimura, 2008). Low-lying land and dense tributaries of the GBM basin make the country vulnerable to floods,
which originate from the precipitation on the whole GBM basin. The present study has showcased the evidence of 2017 floods-related
loss and damage from north-western Dimla and north-eastern Tahirpur. According to Rimi et al. (2019), in reference to the 1986-2015
rainfall data, the pre-monsoon extreme 6-day rainfall event seen in March—April of 2017 causing early floods was attributed to

Case Study 2

Pravati Rani is a role model for others in her community. Her husband was a poor fish farmer who worked in his “chingri gher”
(shrimp-farming pond). He was facing repeated losses from his gher due to several climatic events (e.g. increase in temperature
and salinity). Therefore, he wanted to lease the gher out to another person. At that time Pravati asked him to give her the gher as
she received training on advanced shrimp farming techniques. This knowledge developed ambition and courage inside her to
take the decision of taking the responsibility of their gher and now she was doing very well in shrimp farming. Thus, a loss
aquaculture project in her family turned into a successful one.
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anthropogenic climate change. The authors further concluded that, human-induced climate change doubled the likelihood of extreme
pre-monsoon rainfall in Bangladesh.

Analyzing data for the period of 1977-1998 showed that the relative sea levels in the Bay of Bengal had increased by 4 mm per year
and the western and eastern coasts have also increased by 7.8 mm per year (Alam et al., 2018). Historical records of cyclone from the
last 100 years show that Bangladesh experienced 50% of all global casualties and damages (Alam et al., 2018). Modeling suggests that
climate change induced rises in sea surface temperature (SST) will increase tropical cyclone intensity. Moreover, 2 °C rises of SST
would increase the height of storm surges by 23% (Alam et al., 2018). Sea level rise and cyclone induced storm surges lead to salinity
and salt water intrusion (Mahmuduzzaman et al., 2014). Future projection on sea level rise shows that it may increase from 0.77 m to
1.5 m by the end of 21st Century compared to 1986-2005, which may inundate 29% of total area of Bangladesh (Hasan et al., 2020),
therefore, has higher potential to increase future loss and damage.

The incidence of extreme climate events is therefore increasing due to the changing climate and variability in the global and
regional weather. Therefore, the assessment of loss and damage that has been shown in this study may guide to assess the loss and
damage for future climate events as well.

5.2. Loss and damage due to adaptation limits

Despite applying a number of preventive, coping, and adaptive measures to tackle climate-induce hazards, like floods and cyclones,
most of the study participants faced first and second orders L&D in the study locations. A systematic analysis of their economic and
non-economic loss and damage indicates the study participants are apparently trapped in the study locations. Lack of resources, such as
little financial capacity (Black et al., 2011), poor social capital (Schwerdtle et al., 2018) and place attachment (Ayeb-Karlsson et al.,
2020) due to land ownership or inheritance, forced them to stay at those vulnerable locations, which act as barriers to escape from
environmental stress. However, relocation does not ensure limiting loss and damage although improved livelihoods, strong cultural
and kinship connections and access to resources to ensure basic needs enable people to create opportunities to stay well (McNamara
et al., 2018). Further, impacts on income creates additional burden to poor families and forces them to take different erosive coping
strategies, such as selling livestock, ornaments, and consuming seed stock, which exacerbate their poverty (Warner et al., 2012).

Relying on off-farm income sources is an important coping measure to deal with impacts of extreme events. People can spread their
risk through reducing the dependence of their food and income from one source to other sources (Tanner et al., 2015). Moreover, it
enables household to buy foods and spend money to meet other expenses even if their harvest is destroyed (Roberts et al., 2014).
However, off-farm income generation was not common in the study locations, especially before the PROTIC. Some of the coping
strategies that participants adopted, such as reconstructing house from the savings, failed them to invest in their future cultivation.
Moreover, participants who forced to sell their cattle at cheaper price during or after a hazard struck, faced problem during the next
year’s cultivation as they needed cattle to plough the land.

Practicing diversified adaptation measures were also not visible in the study locations, except cultivating hybrid varieties.
Moreover, this was less effective as cultivation costs of hybrid crop varieties were similar to regular varieties, even in some cases
higher, but the production was not satisfactory. In this context, the additional costs of coping and adaptation measures, including the
erosive coping mechanisms, increased the cost of loss and damage for the households. “Limits to adaptation” and “Existential” per-
spectives of L&D hypothesize that residual impacts including NELD are inevitable for vulnerable communities and are happening now
which is required empirical evidence (Boyd et al., 2017; McNamara and Jackson, 2019). In this context, this study has clearly recorded
that L&D is occurring now in the three study locations despite adopting coping and adaptation strategies that are not enough to prevent
L&D from climate-related events and climate change-related increasingly severe and frequent extreme weather events.

5.3. Improved adaptive capacity of the treatment participants

Regarding the adaptive capacity, almost all participants from the treatment FGDs expressed their positive attitude towards the
modified adaptive capacity defined by adaptive capacity parameters. Recovery from the climatic hazards depends on appropriate
knowledge on future threats and a clear understanding of capacities or options that are required to adapt. Moreover, social constructs
of knowledge and power enable people’s decision-making ability to adopt new skills (Ayeb-Karlsson, 2020b). On the other hand, access
to accurate and relevant information on weather forecast, crops and fisheries diseases, market conditions, and early warning helps to
implement suitable measures during and after the climatic events (Shiferaw et al., 2014). Access to wide range of information
accurately and on time is a key step to successful disaster management (Cutter, 2003). Such information could be generated and shared
locally as informal information, while formal pieces of information are received from external bodies, like state or private service
provider. Participants of the treatment FGDs of the present study had access to both types of information, for example, experience of a
new livelihood option shared with a livelihood group and accurate early warning message received from relevant agencies on mobile
phone, respectively. With the help of information, they also developed knowledge on new crop species and agricultural change that
further helped them to modify the current livelihood practices and engage in additional or modified income generation processes.

Accurate information is also helpful to get advanced knowledge on different livelihood options that ensure diversifying local
livelihoods as well as raising awareness (Ospina and Heeks, 2010). The ability to cope with and respond to change depends strongly on
having access to or control over assets (Daze et al., 2009). Capacity of diversifying and accessing assets in time of extreme weather
events is useful for the households to address the negative impacts (Ospina and Heeks, 2010). An increase in asset therefore allowed
study participants in the treatment villages to use that asset base to respond during and after the extreme weather events.

Engagement of income generation by fostering innovation and supporting new practices increase the ability of community to
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recover well after extreme events (Smith et al., 2003). Moreover, mobility and functionality of a system depend on the application of
effective innovation. According to Nassef (2020), focusing on preemptive action, such as awareness raising and capacity building on
new technologies and establishing contingent arrangements, such as introducing households with financial instruments, may be
helpful to reduce the costs of losses and damages. Participants who had learnt innovative skills and applied those in their livelihoods
were now more dynamic than before. It broadened their thoughts that raised their interest to learn new things, search new markets to
sell their products, and increase their capacity to harness the opportunities from the big cities, which they did not access before.
Communication of knowledge also help to develop innovation skill and individual starts thinking to utilize the opportunities presented
by a changing environment in best possible way (GebreMichael et al., 2011). Successful innovative ideas change the mindset and
economic ability of people to take risks and motivate to take new livelihood initiatives. Many study participants, for example, invested
the profit of one livelihood sources to another livelihood option, such as buying cows from the income of sewing clothes.

In terms of connectivity with local institutions, participants maintained a strong relationship with different local institutions,
including service providers. A strong maintained chain of command at different levels of the local intuitions is helpful to take action
against disaster challenges as it reduces the distance between institutions and local community (Karim and Thiel, 2017). The capacity
of a society depends on the ability to act collectively and institutions grow social relation among people at multiple scales to respond
and recover after the events (Jones et al., 2019). Additionally, prevention of maladaptive practices is also possible by keeping active
connection with different local institution and decision-making process (Ayers and Huq, 2009).

5.4. Limited adaptive capacity of the control participants

We found significant gaps in the state of adaptive capacity of all the participants of control FGDs who were not involved with the
PROTIC. We identify three reasons for that. First, the participants from the control groups did not have access to fast early warning
message on extreme climate events, updated information and advanced knowledge that can increase their livelihood asset. Second,
they did not receive any capacity building training on advanced farming methods in climate change context. As a result, the fallow land
around their houses was left vacant and there was no additional income. Finally, due to lack of connectivity with local government
officials and technology, there was no opportunity for them to come up with any new ideas on raising their existing income or modify
livelihoods. Thus, the leadership and decision-making skills also did not develop in the control group participants.

A lack of above-mentioned capacities is related to adaptation limits. Factors such as economic development, technology use, and
behavior act as limits to adaptation (Preston et al., 2013) and hinder transformation of individual, community or entity (Pelling et al.,
2015). Thus, limits to adaptation cause irreversible losses to individual’s things that they care about (Mechler et al., 2019) except the
household heads, other family members of the control groups were not involved in any income generation activities. However, they
heard the success stories of participants of the treatment groups through their neighbors. Additionally, they thought that if they had
access to technology, training and information, they would have the same capacity like the treatment participants.

5.5. Conceptual framework capturing interplay between L&D and adaptive capacity

The findings and discussions of the present study allow us to develop a conceptual framework to show how L&D and adaptive
capacity may interact within local community resilience context. Fig. 3 shows the interaction between L&D and adaptive capacity over
time in a local community vulnerable to climate change. Households and communities take preventive measures as a part of disaster
risk reduction to protect them from regular risk of extreme climate events, like floods, cyclones, and surges, and other expected un-
certainties within the range of climate variability. The limit to these measures, however, causes the first order loss and damage). After a
disaster, communities follow different coping strategies, like receiving food aid, selling assets or relying on networks, to address the
negative impacts of climate-related events. As the climate is changing and transforming the average climatic conditions and changing
the frequency and intensity of extreme climate events, coping therefore is not enough, long-term adaptive strategies have to be
employed. But, adaptation has its limits. Therefore, local communities may experience the second order loss and damage due to the
limitations of coping and adaptation measures.

But, such failure is not a one-time matter. As climate change continues and extreme climate events and slow-onset changes, like sea
level rise and salinity intrusion continue as well, adaptive capacity of households and communities in climate vulnerable areas needs to
match those changes and needs to be strengthened as a continuous process. Such enhanced adaptive capacity can be characterized by
increased and diversified livelihood opportunities leading to better asset base, improved connection with institutions and attaining
sufficient entitlements, efficient and timely access to and use of wide range of information and knowledge, enabling environment
sustaining innovation and improvisation, and strong leadership with flexible and forward looking decision-making and planning
capacity (Jones et al., 2019). In absence of such an evolving adaptive capacity in place, the households and communities will remain
vulnerable in the predicted higher loss and damage scenarios in the coming years. With higher adaptive capacity, on the other hand,
households, and communities as a whole, may show better climate resilience despite the loss and damage from increased extreme
climate events and other climate change stressors, as projected by different models (Hoegh-Guldberg et al., 2018).

6. Conclusion
The study assessed the extreme climate events related loss and damage and the condition of adaptive capacity by using an analytical
and a theoretical frameworks. Both frameworks used several parameters to assess the loss and damage and adaptive capacity of the

participants. The assessment of loss and damage clearly demonstrates that the preventive measures were not fully effective in reducing
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Fig. 3. Relationship between extreme climate event-related loss & damage (L&D) and local adaptive capacity. A household / community take
preventive measures to reduce risks from such events, like floods and cyclones. A failure in prevention results into the first order of L&D. Once
household’s coping (C) and adaptive (A) strategies further fail against such events, the second order of L&D occurs If a household, or a community
for that matter, shows adaptive capacity, it can express resilience against extreme climate events despite projected future L&D scenarios. In absence
of such adaptive capacity characteristics, a community continues to remain vulnerable. Solid lines represent adaptive capacity; dotted lines
represent extreme climate event-related L&D; dashed line represents time. Source: Author.

the impacts from high magnitude climatic hazards. Except relief, many of their coping measures were erosive that raised the cost of
overall loss and damage. Consequently, the condition of their vulnerability has accelerated extensively. Additionally, debt has become
a burden for majority of the participants as taking loan is very common coping measures in all the study locations. The practice of
diverse adaptive measures among participants was relatively low. However, participants were keen to accept and adopt diversified
adaptive measures to bring positive changes in their livelihoods.

Modified adaptive capacity enables treatment groups to adopt multiple adaptive measures, such as changing agricultural process,
livelihood diversification, and accessing early warning messages. The participants practiced such adaptive measures successfully have
grown confidence and leadership. On the other hand, an absence of opportunities for increasing adaptive capacity left the control
groups vulnerable to extreme climate events and climate change. The ability to address avoidable loss and damage mostly depends on
the adaptive capacity of the households and communities and it needs to evolve as a continuous process matching the projected climate
change and extreme climate events scenarios.

If a disaster sufferer knows where to find the solution, that knowledge might help him/her to address the damages. We have noticed
enthusiasm and spirit when we asked the study participants about their future activities after the end of the PROTIC. Previously, the
experience and nature of adaptive capacity was unknown to the study participants, but now they were aware of the disaster pre-
paredness that might be helpful to reduce some loss and damage from climate stressors. Reducing the frequency and intensity of
extreme climate events requires drastic climate mitigation actions by all nations, at global level. Nevertheless, continuous investment
in building the adaptive capacity of households and communities of climate vulnerable locations is crucial to minimize climate hazard-
related loss and damage in the projected climate change scenarios.
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