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Abstract: Although recurrent floods cause detrimental impact for the people living in riverine flood-
plains, households are taking up various risks management strategies to deal with them. This paper
examined household’s post-disaster coping strategies to respond and recover from riverine floods
in 2017. Data were collected through a questionnaire survey from 377 households from the right bank
of Teesta River in Bangladesh. Households employed different coping strategies including borrowing
money, assets disposal, consumption reduction, temporary migration, and grants from external
sources, to cope with flood. Results from logistic regression models suggested that increasing severity
of flood reduced households’ consumption. Exposed households were more likely to borrow money.
Consumption reduction and temporary migration were mostly adopted by agricultural landless
households. Income from nonfarm sources was found to be an important factor influencing house-
hold’s decisions on coping. Furthermore, households that recovered from the last flood disaster seek
insurance through their own savings and available physical assets, highlighting the role of disaster
preparedness in resilient recovery. This study calls for the policy intervention at the household-level
to enhance the adaptive capacity of riverine households so that people at risk can cope better and
recover from flood disaster using their resources.

Keywords: coping strategies; logit model; northern region; post-disaster; questionnaire survey;
riverine flood; Teesta; vulnerability

1. Introduction

Floods are a serious threat to sustainability [1] of riverine communities around the
world. From 1995 to 2015, floods killed more than 157,000 people and affected over
2.3 billion worldwide [2]. Most of these deaths and devastation occurred in Asia, however,
evidence showed that the number of deaths from flooding has increased in many parts
of the world [1]. For example, in Bangladesh, flood-related death tolls have risen from
223 between 2010–2014 to 435 between 2015–2019 [3]. The number of people affected
and the economic losses caused by floods are also increasing. On the other hand, floods
are the primary source of risk to agriculture [4] in terms of production loss and food
shortage [5]. Studies found that recurrent flooding also presents severe public health
concerns in developing countries [2]. Therefore, researchers around the world are now
motivated to investigate why and how damage from a flood event occurs and who are the
most affected.

As a riverine floodplain country, Bangladesh faces floods almost every year with
varying intensity and frequency. From 1971 to 2019, the country was affected by 89 floods,
causing damage of around $13 billion and over 42 thousand casualties [3]. In August 2017,
Bangladesh faced one of the historically devastating river flooding events in its recent
history. The northern region of the country was severely affected by the August 2017
flood, impacting around 6.9 million people, destroyed 593,250 houses and claimed the
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lives of over 114 people [6]. The water levels of major rivers in the northern region crossed
their danger levels leading to the inundation of riverine areas. The flood in August 2017
was particularly impactful for the riverine people as it followed two earlier episodes in
March and July that year [7]. The timing and severity of August 2017 flood disrupted this
year’s agricultural production resulted in a record price of rice, affecting food security.
Roads, railways and bridges were severely damaged, leaving many areas inaccessible to
emergency relief efforts. Thousands of waterborne diseases were reported in the post-
disaster period. Although riverine people developed their own level of resilience and
adapted their livelihood strategies to the flood pattern, severe flood like 2017 exceeds the
coping capacity of people [8], undermines household’s food security and resilience [9].

A number of studies have already been conducted focusing 2017 flood, such as
attributing factors of flood [7], forecast based cash transfer [8], household’s risk and vul-
nerability [10,11]. The study of Sultana, Thompson, and Wesselink [12] investigated the
impacts of two successive years floods (2016–2017) on riverine households of northern
Bangladesh and found that embankments, local community-based organizations, and
seasonal-migration plays an important role in coping with floods. However, limited at-
tention has been paid to explore the factors that influence households to adopt coping
strategies after facing a historical flood in 2017. This paper addresses this gap by investi-
gating the coping strategies adopted by the riverine households in northern Bangladesh
during 2017 flood.

Household responses to flood disaster in a variety of ways which can be classified
as ex-ante strategies and ex-post strategies, where the foremost includes risk reduction
and risk mitigation strategies are taken by the households in pre-hazard periods, while the
latter refers to risk coping strategies to recover from disasters in post-disaster periods [13].
Riverine people are at risk due to exposure to flood hazards and their vulnerable condi-
tions [11]. On the other hand, capacity is the ability of a household to resist or recover from
the negative impact of a flood disaster.

In a post-disaster period, households adopt different coping strategies including loan
arrangements; sale of assets, livestock, or labor; temporary migration; clearing savings;
living on charity; receiving emergency support from external actors; starvation [12,14–17].
Coping strategies do not lessen vulnerability; however, understanding the rationale behind
coping behaviors might help towards effective targeting of those who are at their greatest
risk [18]. Successful coping may foster households to recover from the impact of a disaster.
On the other hand, when coping strategies turn ineffective, households face difficulties in
recovering from a disaster. However, the severity of impact may vary across households
and most often poor people, who have limited coping capacities, bear the greatest risks [4].

Studies revealed that the adoption of a particular set of coping strategies depends
on several factors, including socioeconomic factors, types of shocks, severity of the event,
physical location, ability to recover, information on opportunities [4,12,19–23]. The adop-
tion of coping strategies also varies with the income level of the household [24]. However,
flood risk not only depends on the hazard, exposure and current level of vulnerability but
also the capacity of a household to recover from the flood’s impact [11].

In Bangladesh, earlier studies researched coping strategies in situations such as river-
ine floods [12,25–28], riverbank erosion [29], urban (slum) flood [30,31]. However, a very
little research has been carried out on model-based analysis of households’ coping strategies
against flood disaster (e.g., [14,15,17,20,24,32]). There are several recent studies focused on
riverine areas of Bangladesh looking at different issues of households’ perception and adap-
tation strategies [33,34]; coping strategies with food insecurity [35]; migration decisions
due to natural disasters [36]; livelihood vulnerability [37–39], livelihood diversification [40]
and livelihood resilience [41,42], but little is known which factors influence riverine house-
holds, especially in the context of transboundary river floods, to adopt post-disaster coping
strategies. Research suggests that there is a need for place and context-specific assess-
ments of household’s response to flood, since responses may differ with respect to local
characteristics of flooding [11,43].
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Numerous studies revealed that factors such household characteristics [44–46], social
capital [46], physical assets ownership [47] are associated with disaster recovery. Based
on a survey in Metro Manila, Philippines Francisco [48] indicated that access to credit
(borrowing) significantly reduce post-disaster recovery time. However, researchers have
paid little attention to the post-disaster coping strategies to recover from the disaster.

Keeping in view the current research gap, this study aims to examine post-disaster
coping strategies adopted by the riverine households and identify the determinants to
adopt a particular coping measure to respond and recover from the impact of a flood
disaster. There are three research questions to be answered: (i) What post-disaster coping
strategies did a household employ to respond immediately after the 2017 flood? (ii) Which
factors influenced households to adopt these coping strategies? (iii) How effective were
the coping strategies adopted by the household in recovering from flood disaster? An
understanding of why a household chooses coping strategies and whether these strategies
help them recover from the disaster can guide policymakers in promoting effective flood
risk management through identifying target variables.

2. Materials and Methods
2.1. Study Area

The Teesta floodplain is one of the largest floodplains in Bangladesh, located in the
northern region of the country (Figure 1). This northern region has a higher incidence of
poverty, characterized by income deficit and undiversified income [26,28]. The maximum
and minimum monthly average temperature for Rangpur station in 2017 was 30.2 ◦C and
20.9 ◦C, respectively, with a maximum day temperature of 37 ◦C in July and a minimum of
6.6 ◦C in January (Source: Bangladesh Meteorological Department). The average annual
rainfall in this region is slightly over 1900 mm. Teesta River, which is one of the most
important rivers of the northern region, cut through the Teesta floodplain. This river runs
through Sikkim and West Bengal of India, and the five northern districts of Bangladesh:
Nilphamari, Lalmonirhat, Kurigram, Rangpur, and Gaibandha (Figure 1). It is the fourth
largest transboundary river of Bangladesh after Ganges, Brahmaputra, and Meghna.

People lives along the banks of Teesta River are exposed to uncertain floods, bank
erosions, and periodic droughts. Among these disasters, floods are the most destructive
for the riparian people. Households adopt a variety of measures to manage flood risks.
The primary causes of floods in the Teesta River are river overflow, particularly due to the
release of water from the barrage, erratic rainfall, riverbank erosion, and poor drainage.
The most recent disastrous floods related to the Teesta River were in 1998, 2004, 2008, 2017,
and 2020. The flood in 2017 was particularly devastating, causing severe damage to houses
and crops, and more than fifty casualties in those five northern districts [6]. At Dalia station
of Teesta River, the water level crossed the danger level (52.6 m) four times and reached at
the highest recorded peak (53.05 m) on 13 August 2017. Floods are regular event for the
people who reside along the Teesta riverbank.
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2.2. Sampling and Data Collection

This study used a multi-stage sampling technique to select survey locations and
households. The right bank of the Teesta River was selected purposively for this study. The
reason behind the selection of the right bank of Teesta River was that Dharla River and
Brahmaputra River are situated on the left bank side of the Teesta River. To understand the
impact of Teesta River floods, only the right bank side was selected as a case study area.
Next, three districts from the right bank were considered for sampling, selecting one upazila
(Upazila functions as a sub-district of a district in Bangladesh) from each: Dimla upazila
from Nilphamari district, Gangachara upazila from Rangpur district, and Sundarganj
upazila from Gaibandha district (Figure 1). From each upazila, one union (Union is the
lowest tier of the local government structure in Bangladesh) was selected based on its
location along the riverbank: Purbachhatnai union from Dimla upazila, Gajaghanta union
from Gangachara upazila, and Belka union from Sundarganj upazila. These three unions
are located in the upstream (Purbachhatnai), midstream (Gajaghanta), and downstream
(Belka) segment of Teesta River in Bangladesh, respectively (Figure 1), and are exposed
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to sudden and recurrent flooding from Teesta River. In the final stage, households were
selected from each union.

Following the Cochran’s formula, a sample size of 377 households was calculated
using the total number of households of these three unions with a 95% confidence level and
5% margins of errors (confidence interval). After that proportional allocation technique was
applied to compute optimum number of households of each union: 68 for Purbachhatnai
union, 158 for Gajaghanta union, and 151 for Belka union (Table 1).

Table 1. Study area and population size (Source: Bangladesh Bureau of Statistics [49]).

District Upazila Union Total Households Sample Households

Nilphamari Dimla Purbachhatnai 3435 68
Rangpur Gangachara Gajaghanta 7929 158

Gaibandha Sundarganj Belka 7608 151

Total 18,972 377

In the next stage, 377 households were selected using a systematic random sampling
technique from the study area. A semi-structured questionnaire was used to collect data
using face-to-face interview between April and May 2019. The survey instruments consists
of a series of questions ranging from socio-demographic characteristics of the households,
income sources, dwelling information, health status, land ownership, coping strategies
during flood, preparedness and perception on flood risk [11]. Initially, it was planned
to interview with the head of the households. However, we find it difficult to get the
household head in the randomly selected houses, even though the interview was on
weekends or holidays. To expedite the field survey, we continued interviewing either
with the head (male or female) or the elderly person in the household. One focus group
discussion (FGD) in each union was also conducted. The language of each interview was
Bengali.

Before the interview, the respondents were informed regarding the purpose of the
study and asked whether they would like to participate. The interview was conducted
after receiving the verbal consent from the respondents. This study was approved by the
Tokyo Institute of Technology Human Ethics Committee.

3. Variables Selection and Statistical Analysis
3.1. Dependent Variables

To assess post-disaster coping strategies adopted by the households, the respondents
were asked whether or not they adopted 21 measures during or immediate (within one
month) after the 2017 flood which was selected based on literature review [4,12,15–17],
focus group discussion and informal interviews. These coping strategies, which are de-
scribed in Appendix A Table A1, are classified into five groups: namely, borrowing money;
assets disposal; consumption reduction; temporary migration; and grants from external
sources.

� Borrowing money: The term borrowing includes all kinds of strategies that a house-
hold employed to take loans from others. The formal sources include banks and
non-governmental organizations (NGOs), whereas informal sources include local
money lenders, friends, relatives, or neighbors. In extreme situations, some people
borrow money by selling labor or field crops with an advance payment. Households
that employed one or a combination of these strategies were grouped in this category.

� Assets disposal: Disposable items include financial and physical assets. The physical
disposable assets are comprised of livestock (poultry, cattle, goats), household utensils,
jewelry, trees, crops, land. On the other hand, financial assets include household
savings (deposits). If a household sold any physical assets or used up its savings in
response to flood, it was classified in this category.
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� Consumption reduction: Food scarcity is common in disaster-affected areas. House-
holds adopt numerous strategies to cope with shocks, including consumption smooth-
ing, resorting to cheap foods, wild foods collection [16]. In this study, consumption
reduction implies a household reducing their consumption in response to a flood
disaster, in the form of meal skipping or starvation.

� Temporary migration: Migration to cities or other flood-free areas is a common
measure to compensate losses incurred from flood. If a family member from a
household migrated outside of the flood prone area (study area) for income and
then returned to their houses within six months, the household was labeled in this
category.

� Grants from external sources: Grants from external sources are vital for short-term
survival. It helps flood disaster victims to compensate their losses [21]. Grants are
distributed among flood victims by the local/national government, NGOs, local elites,
or a host of other organizations. In this study, if a household received grants from
external sources (e.g., government, NGOs, or local elites), it was classified in this
category.

3.2. Explanatory Variables

A multitude of factors influences coping strategies, and there is no agreed framework
for choosing explanatory variables. A household’s choice of a particular set of strategies
and their timing depends on the complex dimensions of vulnerability [50]. The selection of
explanatory variables such as depth of floodwater, location of house, affected by disease,
age, female, agricultural landless was based on the literature [14,15,17,20,24,32] (Table 2).
Besides, we included four capacity variables (crop save, mobile phone, mitigation measures,
nonfarm income) to understand household’s coping behavior (Table 2).

Flood hazard is determined by the frequency and intensity of the flood event. This
study considered one proxy variable to capture the severity of a flood hazard, namely,
“floodwater depth”. The deeper the floodwater inside a home, the more severe is the flood
and resultant damages [11]. Exposure to flood refers to the elements at risk from a flood
event [51]. Exposure to flood increases with the proximity of human settlements to the
riverbank. Human exposure increases if family member(s) were injured or infected by
communicable diseases due to flood [52,53]. Vulnerability is represented by the conditions
that are determined by “physical, social, economic, and environmental factors or processes,
which increase the susceptibility of an individual, a community, assets or systems to
the impact of hazards [54]. This study considered three proxy variables to capture the
vulnerability of households, namely “age”, “female”, and “agricultural landless”. The
vulnerability of a household increases with the age of the household’s head [16]. Female-
headed households are more vulnerable than male-headed ones [53,55]. Agricultural
landless households are also considered vulnerable [53]. The capacity of a household
includes the available strategies and resources that help be prepared for mitigating future
flood risks, in order to better respond and quickly return to the proper level of functioning
following a flood disaster [54]. To capture the capacity of a household, this study considered
four variables. Households who save their crops are capable of absorbing flood disaster
shocks [53,55]. Ownership of communication devices, such as mobile phones, can facilitate
receiving early flood warnings [11] or other useful information from friends/relatives.
Structural risk mitigation strategies (such as raising the plinth of house/building home
on natural levee/modification of house with strong materials) is positively related with
risk perception [52], thus influencing coping choices. Income from nonfarm sources plays
an important role for the rural people in Bangladesh by generating alternative sources
of income [11]. In this study, nonfarm income refers to the income from non-agricultural
sources, such as remittance, transport, petty trade, construction, tailoring, services and
others.
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Table 2. List ofvariables used in this study (Source: Field Survey, 2019).

Variables Description Mean SD

Floodwater depth Height of floodwater inside the home (continuous) 2.12 1.03

Location of house Location of home within 1000 m from the riverbank:
yes = 1, otherwise = 0 0.85 0.36

Affected by disease Family members infected by communicable disease in
the last 5 years due to flood: yes = 1, otherwise = 0 0.86 0.35

Age Age of household head (in years) 48.93 14.15
Female Female headed household: yes = 1, otherwise = 0 0.05 0.22

Agricultural landless Household does not have agricultural lands: yes = 1,
otherwise = 0 0.48 0.50

Crop save Household has precautionary crop savings: yes = 1,
otherwise = 0 0.27 0.45

Mobile phone Household has informational device at home: yes = 1,
otherwise = 0 0.85 0.36

Mitigation measures
Household has taken at least one structural mitigation

measure to prevent a flood disaster: yes = 1,
otherwise = 0

0.80 0.40

Nonfarm income Household has a non-farm income source: yes = 1,
otherwise = 0 0.33 0.47

Gajaghanta Household lived in Gajaghanta: yes = 1, otherwise = 0 0.42 0.49
Belka Household lived in Belka: yes = 1, otherwise = 0 0.40 0.49

3.3. Recovery from Flood Disasters

In this study, recovery from the flood disaster was investigated by asking households
whether they were able to recover from the losses and damages incurred from the last flood
disaster in 2017. A household’s recovery from flood disaster was coded as “1” for yes, “0”
for no.

3.4. Data Analysis

Data collected through the structured questionnaire were coded and then analyzed
using the Statistical Package for Social Sciences (SPSS, version 25). The Chi-square test
of independence, bivariate correlation, and logistic regression techniques were used to
explore the relationship between dependent and independent variables.

The dependent variable of this study is whether a household adopted a particular
coping strategy or not. To determine the dummy, a value of “1” was assigned to those
households that adopted at least one measure within the borrowing money category and
“0” for those that had not adopted. Similar process was repeated to determine the dummy
value for assets disposal, consumption reduction, temporary migration, and grants from
external sources. Since the dependent variable is dichotomous (yes and no), a logistic
regression was used to model the influence of explanatory variables on adopting different
coping strategies. In the logistic regression model, the dependent variable becomes the
natural logarithm of the odds when a positive choice is made and can be written as [56]:

Logit(Px) = log
Px

1 − Px
= β0 + β1x1 + β2x2 + β3x3 + · · ·+ βjxj (1)

where,
Px = Probability of adopting a coping strategy

1 − Px = Probability of not adopting coping strategy

β0 = Probability constant

β1, β2, β3, · · · , βj = Coefficient of the explanatory variables

x1, x2, x3, · · · , xj = Explanatory variables
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4. Results and Discussion
4.1. Households’ Characteristics

The age of the household head ranged from 22 to 90 years, with a mean age of 48.93
years. Almost 95% of the sampled households were male headed. Around 66% of the
households had at least one member who completed primary education or more. The aver-
age household size was 4.8, which was higher than the national average (4.4 persons). The
average monthly income of the surveyed households was around 8977 Bangladeshi Taka
(BDT) (SD = 5113; range 1000 BDT to 40,000 BDT) at the time of the survey (1 USD = 84.25
BDT, as of April 2019; Source: Bangladesh Bank). The majority of the households (85%)
were located within 1000 m from the riverbank. Most of the households (97%) reported
that their houses were inundated in 2017 flood. Around 48% households did not have
any cultivable lands. Agriculture (63%) was the dominant form of livelihood options,
followed by wage labor (23%). Around one-third of the households had income from
nonfarm sources. Among the agricultural occupants, 24% (58 out of 238) had nonfarm
income sources.

4.2. Household-Level Coping Strategies

Households adopted a mix of coping strategies to respond to flood disaster. Table 3
provides a combination of five major categories of coping strategies employed by house-
holds to respond and recover from the impact of the last flood. The majority of the
households adopted two or three strategies. Adopting four or five strategies were less com-
mon. When adopting one strategy, assets disposal was the most preferred, while temporary
migration was the least preferred option. However, households adopt a particular coping
strategy based on the impact level of the disaster and the availability of an individual’s
networks.

Table 3. Combination of five major ex-post coping strategies (Source: Field Survey, 2019 [N = 377]).
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Coping strategies within the borrowing category had mixed outcomes (Figure 2).
Among the respondents, 16% borrowed money from formal sources (NGO/bank), 66%
took interest-free loans from their friends or relatives, and 27% borrowed money from local
money lenders. In extreme situations, some of the households borrowed money either
by selling labor in advance (9%), selling crops in advance (9%), or both (2%). Further
investigation found that the majority (72 out of 73) of households that adopted these kinds
of erosive strategies faced inundation of their houses during the last flood. There is also a
sequence of adopting a particular coping strategy [57], as FGD participants from the Belka
informed: “we first use up our own savings. When we finish our savings, we try to ask
our relatives for help. If we fail to get assistance from our friends, relatives, or neighbors,
we then approach the local money lender to borrow money from them. Sometimes, we
take loans from NGOs but we rarely seek a bank loan.” Regardless of the source, 85% of
the households borrowed money from at least one in order to cope with flood (Table 3).
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Our findings are consistent with Ref. [14,17], where they found borrowing was the most
common coping strategy among flood affected households in Bangladesh.
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Around 73% of the households adopted at least one assets disposal strategy to cope
with flood (Table 3). In this case, 43% of the households sold their livestock and around
11% sold their productive assets (Figure 2). More than half of the respondents (59%) spent
their savings to cope with flood. This result is in the line with the discussion of Ref. [19,57]
that reported households dispose of their assets in several phases, with liquid assets (e.g.,
livestock, personal possessions) disposal first, and productive assets later.

Around 29% of the households reduced their daily consumption through starvation
or meal skipping and 34% received grants from external sources (Table 3). However, a
higher proportion of households from Purbachhatnai received external support compared
to other regions (Figure 2). In the context of temporary migration of male members outside
of flood-prone regions, 23% of the households adopted this strategy (Table 3).

4.3. Determinants of Coping Strategies

The results of the logistic regression models are presented in Table 4 (details are
in Appendix A Table A2). Prior to the analysis, multicollinearity among the indepen-
dent variables was verified using a correlation analysis (correlation matrix presented in
Appendix A Table A3). Hosemer and Lemeshew chi-square test was non-significant for all
models, suggesting that the models are fit for predictions.
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Table 4. Determinants of post-disaster coping strategies.

Explanatory
Variables

Dependent Variable

Borrowing Money Assets Disposal Consumption
Reduction

Temporary
Migration

Grants from
External Sources

Floodwater depth n.s n.s (2.25) *** n.s n.s
Location of house (1.09) *** (−0.86) * n.s n.s (0.85) *

Affected by disease (0.99) * n.s n.s (1.28) * n.s
Age (−0.03) * n.s n.s (−0.02) * n.s

Female (−1.62) ** n.s n.s n.s n.s
Agricultural landless n.s (−1.12) *** (1.00) *** (0.95) *** n.s

Crop save n.s n.s (−1.76) *** (0.84) *** n.s
Mobile phone (0.89) * n.s n.s (1.07) * n.s

Mitigation measures n.s n.s (−0.80) ** (0.92) * n.s
Nonfarm income (−1.06) *** (0.77) ** n.s n.s n.s

Gajaghanta n.s n.s n.s n.s (−1.86) ***
Belka n.s (1.18) *** (−1.53) *** n.s (−1.67) ***

Constant (2.31) * (2.20) * (−1.26) (−3.28) *** (−0.55)

Note: Unstandardized coefficients in parenthesis. “n.s” denotes non-significant. ***, **, * imply significance at 0.1%, 1%, and 5% levels,
respectively. Source: Authors’ calculations based on Field Survey, 2019 (N = 377).

� The Hazard Component

The results indicated that increasing floodwater depth increases the probability of
adopting consumption reduction strategy. This may be due to the reduced livelihood
opportunities during flood. Indeed, when floods hit, the ability of a wage laborer household
to purchase food decrease as a result of wage reduction [21,58]. Another reason might be
related to limited dry places for cooking or to wet firewood, exemplified by the majority
of the respondents (72%), who said that their firewood was wet due to floodwater, and
by one female respondent from Gajaghanta, who stated “when flood water enters our
room, we cannot cook our food due to the unavailability of dry places in our house.
Therefore, we need to skip one or two meals a day”. This finding was supported by other
studies [15,17,28], which reported that flooded households have to starve, skip meals, or
eat less food during flood. However, the relationship between borrowing money and
depth of flood was negative and insignificant. Our study findings contradict the results of
Ref. [17] which found positive and significant relation between borrowing decisions and
height of flood.

� The Exposure Component

The results revealed that likelihood of borrowing money was higher for the houses
located within 1000 m from the riverbank than those farther away. This may be because
proximity to river is associated with an increased level of flood risk, which may result
in higher flood damage [21,25]. This finding was partially consistent with Ref. [59], who
reported that people living near the riverbank were more prone to borrowing. Apart from
borrowing, the probability of receiving grants from external sources increased with the
house proximity to the riverbank than their counterparts. The findings were supported by
previous research, which indicated that emergency aid was targeted to those households
who were exposed to flooding in 1998 in Bangladesh [60]. However, a vast majority of
the households in our study were still out for getting grants from external sources during
emergency. As one respondent from Belka shared, “My house was flooded for around 15
days, but I did not receive any support either from the government or NGOs.” This may be
because road communication systems in the study area are not well-developed and they
inundate, causing many places to become hard to reach without a boat. Previous research
by Ref. [61] reported that people residing near marketplaces received more external support
after a cyclone than those living far away, in the coastal zone of Bangladesh.

On the other hand, disposal of assets was negatively associated with location of house,
which implies that households located within 1000 m were less likely to dispose their assets
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compared to their counterparts. This is because these households had limited cash saving
to be used during disaster.

Floods generate a vicious cycle of impacts on the exposed people. For example, in
flood-affected areasfood prices increase, while job opportunities for wage laborers reduce.
In this complex situation, if a family member suffers from a disease, households have
to adopt a variety of coping strategies. The results suggested that having ill members
affected by communicable diseases in the family increased the probability of adopting
borrowing money and temporary migration than who were not affected. This highlights
their risk-averseness, as illness entails the need of immediate cash for the preventive and
curative care of people struck by illness. These findings are consistent with Ref. [24] where
they reported that household who experienced disease were more likely to adopt current
adjustment (e.g., adjustment to meals, migrate to sale labor) and unsecured borrowing
(e.g., borrow from relatives/moneylenders) measures. In a study conducted by Ref. [23],
on choices of post-earthquake coping responses in Nepal, it was found that household that
experienced health damage was engaged in borrowing cash and advance labor sale as a
compensation strategy. Our result was also partially supported by Ref. [62], who reported
that households with ill members in Uganda tend to borrow money in the face of shocks.

� The Vulnerability Component

Age increasing gradually reduces the physical capacity and thus increases the vulner-
ability of the household. A negative and significant coefficient of age implies that increase
in household head’s age reduced the likelihood of borrowing money. Previous studied also
reported that borrowing was a less practiced coping option among aged people [16,17,59].
One respondent in his 80s from Gajaghanta shared his experience of why he did not borrow
money: “I am an aging person with limited income. Nobody wants to lend me money as I
might not be able to return it.” A related finding was also reported by Ref. [4] with reference
to flood in rural India, where they found that older people are less willing to depend on
monetary transfers from relatives and friends, as compared to younger. Post-disaster
temporary migration was also found lower among aged people. This is due to the level of
functional fitness, which decreases with age [63], making elderly people very cautious in
taking decisions on temporary migration. Moreover, the demand for youths in urban labor
markets discourages aged people in making migration decisions in Bangladesh [29]. One
respondent in his 70s shared that “when I was young, I went outside of this flood-prone
area to find employment. However, now I do not search for jobs outside this area, because
my physical conditions do not permit me to go outside for work”.

The negative coefficient of female presented that female headed households (FHH)
were less likely to borrow money as compared to male headed households. This may be
because majority of FHH in this study had insufficient assets, such as being landless (80%
of FHH), unable to save crops (95% of FHH), lacking cooperation from their neighborhood
during flood (90% of FHH), and limited access to financial institutions (90% of FHH).
Existing literature suggested that FHH rely less on borrowing [17,47,64] since people assess
women as having limited capabilities of repayment [28]. Furthermore, FHH were less likely
to receive grants from external sources and preferred to reduce their consumption rather
than employing asset disposal and temporary migration. However, these relationships
were insignificant.

Agricultural land is an important natural asset for rural households. The results
indicated that landless had a negative and significant relationship with asset disposal.
This is true in the sense that majority of the surveyed household head’s were employed
in agricultural sector and thus flood become a way of living for them. This finding was
partially supported by Ref. [64] that reported households who owned land were more
likely to sell their productive assets to cope better disaster. The probability of consumption
reduction and temporary migration were significantly greater for the agricultural landless
households than their counterparts. A possible explanation of these findings could be
illustrated by the vulnerability of the households. In rural areas of Bangladesh, landless
households have limited precautionary money savings and possess fewer productive
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assets with no cultivable lands. Since rural areas have limited job opportunities, landless
people temporarily migrate outside of flood prone areas to provide for their household
consumption. These findings were in the line with the finding of Ref. [64], where they
reported that agricultural landholders were less likely to migrate to city/town. In a study
undertaken by Ref. [16] on cyclones and storm surges in Bangladesh, it was found that
landless households reduced their consumption and had fewer assets to dispose. However,
this study did not find any significant relation between land ownership and borrowing, as
reported by Ref. [4].

� The Capacity Component

Precautionary crop-save had a significant positive relation with temporary migration
and a negative relation with consumption reduction. This signifies that households that
saved crops were less likely to reduce their consumption. One informant narrated, “I
faced financial problems after the last flood. However, I could easily recover since I had
nuts on the land. After the flood water receded, I harvested nuts and sold them in the
market, which provided me with instant cash to purchase food for our family.” However,
the likelihood of temporary migration was significantly greater for the households that
saved crops than their counterparts, implying that households that saved crops were risk
averse. Therefore, instead of reducing consumption, they preferred temporary migration in
response to disaster. The findings however contradict the studies of Ref. [15], who claimed
that migration is the last option for the flood affected people.

Mobile phone improves information flow and communication among the members of
a family or of a social network. In this study, we found ownership of mobile phone had
significant positive relationships with borrowing money. This could be because mobile
phone seems to be an important factor to keep touch with friends/relatives and ask
for financial assistance at the time of disaster. For instance, majority of the households
who possess mobile phone borrowed money from their relatives/friends (219 out of 320).
Similarly, ownership of mobile phone significantly and positively influenced households’
decision on migration. This may be because mobile phone facilitates to have a social
connection with migrants who are living in their targeted destinations [12], which, in turn,
helps them take decisions on migration. Consistent with our findings, Ref. [65] reported
that mobile phones are helpful to make decisions on migration in a more coordinated way.

Households that undertook mitigation strategies were less likely to reduce their
consumption than their counterparts. This may be due to the fact that household who had
precautionary crop save they implemented mitigation measures. On the contrary, a positive
significant relationship between mitigation strategies and temporary migration indicated
that households that implemented mitigation strategies preferred to choose temporary
migration. Regardless of the socio-economic status, the majority of the households (78.39%)
that suffered damage in the last flood implemented mitigation strategies. This is due to
the fact that households living near the riverbank are more prone to implement mitigation
strategies.

The results suggested that having income from nonfarm sources reduced a probability
of borrowing money and increased a probability of assets disposal. This may be due to
the fact that agriculture is likely to be more affected by floods as compared to the non-
agricultural income [55], and thus nonfarm income ensures consistent cash flow for the
households. Among the surveyed households, nonfarm income was mostly concentrated
whose income was more than 10,000 BDT per month. This means nonfarm income is
linked with economic well-being and precautionary savings. These findings were partially
consistent with Ref. [64] who reported that household’s with income from non-agricultural
sources were more prone to sell their livestock during emergency. Previous research by
Ref. [58] found that nonfarm income provided effective insurance to the typhoon affected
households in Philippines.

The coefficient of location dummies indicated that households from Belka were more
likely to adopt assets disposal strategy rather than borrowing money, consumption reduc-
tion and temporary migration. This is because majority of the households from Belka have
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shown their interest to rear livestock which serves as a precautionary saving for liquidity
purposes during a flood disaster [11,13]. The results also indicated that if a house was
located within 1000 m from the riverbank and in Gajaghanta and/or Belka there was a
lower chance to get support from external sources.

4.4. Association between Coping Strategies and Post-Disaster Recovery

This section examined the association between coping strategies and post-disaster
recovery. Only 14% of the households (52 out of 377) reported that they were able to
recover from the impact of the last flood in 2017. This is because recover from the impacts
of recurrent floods are difficult for the riverine people [27].

Findings revealed that the proportion of households who borrowed money was lower
among those who recovered than those not recovered (26.9% versus 94.8%) (Table 5).
This could be because households that already had debt during the interview (192 out of
204), adopted borrowed money strategy as a mean of coping, thus becoming trapped in a
“vicious cycle of borrowing” [16] which, in turn, reduced the capacity to recover from flood
disasters. Similarly, 13.5% households who recovered adopted consumption reduction
strategy, versus 31.1% in other group (p = 0.008, OR = 0.35). Grants from external sources
did not have significant effects on recovery. This finding is consistent with the findings
Ref. [48].

Table 5. Comparison of coping strategies and recovery from flood disaster.

Coping Strategies Variables
Recovered from Last Flood Disaster

Yes (N = 52) No (N = 325) OR [CI] (N = 3377)

% of households borrowed money 26.9 94.8 0.02 * [0.01–0.05]
% of households disposed assets 94.2 70.2 6.95 * [2.12–22.84]

% of households reduced consumption 13.5 31.1 0.35 * [0.15–0.79]
% of households migrated temporarily 15.4 23.7 0.60 [0.26–1.30]

% of households received grants from external sources 25.0 35.1 0.62 [0.32–1.20]

* p value significant (<0.01) using Chi-square test; OR = Odds Ratio; CI = Confidence Interval. However, households who recovered was
higher among those who disposed assets (p < 0.001, OR = 6.95).

Surprisingly, the majority of the households (49 out of 52) reported to have recovered
resorting to either assets disposal or a combination of assets disposal with other coping
strategies (Figure 3a). It is apparent from Figure 3b that most of the households reporting
recovery adopted either SAVE or combination of SAVE and other strategies. However, the
households that adopted only the PASSET measure were unable to recover. This may be
partly due to the long-term adaptation and accumulative learning to survive with repeated
flood events of the surveyed households.One of the informants from Belka shared his
strategy to cope with flood: “I used to sell a cow after a flood. I usually purchase cows in
Kartik (October to November) and raise them till Joystho (May to June). In Joystho, there is
plenty of grass in here, which helps fatten cows. For example, I purchase a cow at BDT
30,000 and, after eight months of fattening, I can sell it for BDT 50,000. Sometimes, I need
to sell tress, even nuts and paddy to cope with the flood”. Tran [47] argued that coping
strategies often help poor households recover better from the losses.
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5. Conclusions

This paper has identified the determinants of post-disaster coping strategies and role
household’s coping strategies in recovering from the impact of a severe flood in northern
Bangladesh that took place in 2017. The findings indicated that the majority of households
adopted a combination of post-disaster coping strategies. While borrowing money was
used by the exposed households to cope with floods, they (borrowing money) were not
preferred choices by the demographically vulnerable households especially if the head of
the household was aged person or female. Assets disposal was preferred by the households
who had income from nonfarm sources; however, vulnerable households were less likely to
dispose of their assets. Households that recovered from 2017 flood disaster seek insurance
through their own savings and available physical assets (e.g., livestock, plants). However,
grants from external sources did not have significant effects on household’s recovery from
the flood disaster.

This study provided useful recommendation to increase the adaptive capacity of
riverine households. The most effective interventions could be related to the diversification
of livelihoods via promoting livestock rearing, self-employment in nonfarm activities,
which, in turn, will help increase the capacity of households to absorb flood shock, thus
recovering from disaster. Targeted interventions are required for the vulnerable group
particularly female headed households, aging people, and agricultural landless. Post-
disaster relief should be given to those vulnerable households that experience greater
losses and are unable to recover without support from external sources. Emphasis should
be given to ensure the minimum food intake and provide adequate public health support
to the destitute people during the emergency period.

This study has some limitations. It presents one case from the right bank of Teesta River
in Bangladesh, which may not be representative for the whole northern region/country.
Another limitation is the self-reported measures of the coping strategies and recovery
indicator, which may be a potential source for response bias. This is a cross-sectional study
and addressed one point of time. There was another flood in 2020. Replication of this study
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in the same location might provide crucial information about how repeated flooding events
influence household’s adaptive capacity.
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Appendix A

Table A1. Coping Strategies Included in the Questionnaire.

Groups Measures

Borrowing money

Borrowed money from NGOs
Borrowed money from local money lenders
Borrowed money from relatives
Borrowed money from friends
Borrowed money from banks
Borrowed money by selling labor in advance
Borrowed money by selling crops in advance

Assets disposal

Sold poultry (livestock)
Sold cattle (livestock)
Sold goats (livestock)
Sold household’sgoods (household assets)
Sold/leased out jewelry (household assets)
Sold/leased out lands (household assets)
Sold crops (household assets)
Sold trees (household assets)
Spent previous savings

Consumption reduction Starvation/meal skipping during flood

Temporary migration Temporary migration for work

Grants from external sources
Received emergency support from NGOs
Received emergency support from government
Received emergency support from local elites
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Table A2. Details of the Determinants of Post-Disaster Coping Strategies.

Explanatory Variables

Dependent Variable: Borrowing
Money

Dependent Variable: Assets
Disposal

Dependent Variable: Consumption
Reduction

Dependent Variable: Temporary
Migration

Dependent Variable: Grants from
External Sources

B a Exp(B) b B a Exp(B) b B a Exp(B) b B a Exp(B) b B a Exp(B) b

Floodwater depth −0.97
(0.70)

0.38
[0.10, 1.48]

−0.94
(0.55)

0.39
[0.13, 1.15]

2.25 ***
(0.58)

9.46
[3.05, 29.36]

−0.26
(0.57)

0.77
[0.25, 2.35]

−0.48
(0.52)

0.62
[0.23, 1.71]

Location of house 1.09 ***
(0.39)

2.98
[1.40, 6.36]

−0.86 *
(0.43)

0.42
[0.18, 0.97]

0.35
(0.41)

1.42
[0.64, 3.17]

0.0
6(0.37)

1.06
[0.51, 2.21]

0.85 *
(0.39)

2.34
[1.08, 5.07]

Affected by disease 0.99 *
(0.43)

2.68
[1.16, 6.18]

−0.80
(0.46)

0.45
[0.18, 1.11]

0.77
(0.46)

2.15
[0.87, 5.32]

1.28 *
(0.52)

3.59
[1.31, 9.87]

0.53
(0.38)

1.71
[0.82, 3.56]

Age −0.03 *
(0.01)

0.97
[0.95, 1.00]

0.00
(0.01)

1.00
[0.98, 1.02]

−0.01
(0.01)

0.99
[0.97, 1.01]

−0.02 *
(0.01)

0.98
[0.96, 1.00]

0.01
(0.01)

1.01
[0.99, 1.02]

Female −1.62 **
(0.59)

0.20
[0.06, 0.64]

−0.24
(0.52)

0.79
[0.28, 2.19]

0.08
(0.55)

1.08
[0.37, 3.20]

−0.37
(0.70)

0.69
[0.18, 2.75]

−0.16
(0.57)

0.85
[0.28, 2.57]

Agricultural landless 0.12
(0.34)

1.13
[0.58, 2.22]

−1.12 ***
(0.28)

0.33
[0.19, 0.56]

1.00 ***
(0.29)

2.71
[1.55, 4.75]

0.95 ***
(0.28)

2.58
[1.49, 4.47]

−0.08
(0.25)

0.93
[0.56, 1.53]

Crop save −0.22
(0.37)

0.80
[0.39, 1.66]

0.48
(0.33)

1.62
[0.84, 3.11]

−1.76 ***
(0.42)

0.17
[0.08, 0.39]

0.84 ***
(0.29)

2.31
[1.31, 4.09]

−0.21
(0.28)

0.81
[0.46, 1.41]

Mobile phone 0.89 *
(0.43)

2.44
[1.06, 5.63]

0.28
(0.34)

1.32
[0.67, 2.59]

−0.02
(0.36)

0.98
[0.49, 1.97]

1.07 *
(0.49)

2.92
[1.11, 7.63]

−0.22
(0.36)

0.80
[0.40, 1.62]

Mitigation measures 0.08
(0.41)

1.08
[0.49, 2.40]

0.28
(0.31)

1.33
[0.73, 2.42]

−0.80 **
(0.31)

0.45
[0.25, 0.83]

0.92 *
(0.41)

2.50
[1.13, 5.55]

0.46
(0.32)

1.58
[0.84, 2.97]

Nonfarm income −1.06 ***
(0.34)

0.35
[0.18, 0.67]

0.77 **
(0.31)

2.16
[1.19, 3.94]

−0.47
(0.31)

0.63
[0.34, 1.15]

−0.09
(0.29)

0.91
[0.52, 1.61]

−0.20
(0.27)

0.82
[0.49, 1.39]

Gajaghanta −0.36
(0.57)

0.70
[0.23, 2.12]

0.34
(0.37)

1.41
[0.68, 2.92]

−0.53
(0.40)

0.59
[0.27, 1.28]

−0.34
(0.38)

0.71
[0.34, 1.51]

−1.86 ***
(0.36)

0.16
[0.08, 0.31]

Belka −1.05
(0.57)

0.35
[0.12, 1.07]

1.18 ***
(0.40)

3.25
[1.49, 7.08]

−1.53 ***
(0.43)

0.22
[0.09, 0.50]

−0.77
(0.40)

0.47
[0.21, 1.01]

−1.67 ***
(0.36)

0.19
[0.09, 0.38]

Constant 2.31 *
(1.10)

10.07 2.20 *
(0.93)

9.03 −1.26
(0.93)

0.28 −3.28 ***
(1.06)

0.04 −0.55
(0.88)

0.58

Log Likelihood 266.31 317.096 345.51 354.186 421.07
Wald Chi Square 46.981 65.077 105.767 48.252 60.689
Cox & Snell R Square 0.117 0.159 0.245 0.120 0.149
Nagelkerke R Square 0.208 0.231 0.350 0.183 0.206

***, **, * imply significance at 0.1%, 1%, and 5% levels, respectively; a Standard errors in parenthesis; b 95% Confidence Interval for EXP(B)
in parenthesis; Source: Authors’ calculations based on Field Survey, 2019 (N = 377).

Table A3. Correlation Matrix of Explanatory Variables.

a b c d e f g h i j k l

a. Floodwater depth 1 −0.036 0.196 ** −0.001 0.088 0.1 −0.059 −0.210 ** −0.154 ** −0.137 ** 0.158 ** 0.058
b. Location of house 1 −0.067 −0.036 0.068 0 −0.071 0.005 −0.031 0.022 −0.115 * −0.027
c. Affected by disease 1 0.07 0.028 0.039 0.006 −0.085 0.006 −0.102 * 0.003 −0.043
d. Age 1 0.036 −0.074 0.038 −0.081 0.005 0.111 * 0.136 ** −0.164 **
e. Female 1 0.150 ** −0.118 * −0.230 ** −0.088 0.058 −0.033 −0.121 *
f. Agricultural landless 1 −0.170 ** −0.229 ** −0.189 ** 0.013 0.062 −0.031
g. Crop save 1 0.174 ** 0.157 ** 0.138 ** 0.015 −0.035
h. Mobile phone 1 0.139 ** 0.048 −0.002 0.058
i. Mitigation measures 1 0.104 * −0.056 0.033
j. Nonfarm income 1 0.093 −0.166 **
k. Gajaghanta 1 −0.694 **
l. Belka 1

**, * imply significance at 0.1%, 1%, and 5% levels, respectively; Source: Authors’ calculations based on Field Survey, 2019 (N = 377).
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