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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
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Floods are a serious threat to sustainability [1] of riverine communities around the
Received: 9 November 2020 world. From 1995 to 2015, floods killed more than 157,000 people and affected over
Accepted: 24 December 2020 2.3 billion worldwide [2]. Most of these deaths and devastation occurred in Asia, however,
Published: 29 December 2020 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
Publisher’s Note: MDPT stays neu- 223 between 2010-2014 to 435 between 2015-2019 [3]. The number of people affected
tral with regard tojurisdictional claims - and the economic losses caused by floods are also increasing. On the other hand, floods

in published maps and institutional - gre the primary source of risk to agriculture [4] in terms of production loss and food
affiliations. 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
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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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Figure 1. Map of the study area.

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



Climate 2021, 9, 4

50f18

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 Al, are classified into five groups: namely, borrowing money;
assets disposal; consumption reduction; temporary migration; and grants from external
sources.

B 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.

B 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.



Climate 2021, 9, 4

6 of 18

B 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.

B 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.

B 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) 212 1.03
. Location of home within 1000 m from the riverbank:

Location of house 0.85  0.36

yes =1, otherwise = 0
Family members infected by communicable disease in

Affected by disease the last 5 years due to flood: yes = 1, otherwise = 0 086 035

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 afgrlcultural lands: yes =1, 048 050
otherwise = 0

Crop save Household has precautmn.ary crop savings: yes =1, 027 045
otherwise = 0

Mobile phone Household has informational device at home: yes =1, 085 036

otherwise = 0
Household has taken at least one structural mitigation
Mitigation measures measure to prevent a flood disaster: yes =1, 0.80  0.40
otherwise = 0
Household has a non-farm income source: yes =1,

Nonfarm income . 0.33 0.47
otherwise = 0

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]:

Px

1-P,

Logit(Px) = log = Bo + B1x1 + Boxa + Paxg + - 4 By @

where,
Py = Probability of adopting a coping strategy
1 — Px = Probability of not adopting coping strategy
o = Probability constant
B1, B2, B3, - - -, Bj = 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]).

. Number of Coping Strategies % of
Coping
Strategi
rategies 2 3 4 5 0 Households
BOMO v © (0] 0] 0] A A A A A A + + + + * 85%
ASDI v (0] ® O 0 A A A4 A + + + 73%
CORE v (0] (0] (0] A A A A + + + +* 29%
TEMI [0 (0] A A A A + + * 23%
GRES v © ® ©0 A A A & & + + + + * 349%

Number of
households

i[5

22

4

2

98 23 9 11 4 7 7 3 9 49 12 8 28 2 1 24 12 9 1 ) 9 3

Note: BOMO: Borrowing money; ASDI: Assets disposal; CORE: Consumption reduction; TEMI: Temporary migration; GRES: Grants from
external sources.

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.

Percent of households

Borrowing money
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Figure 2. Geographical variations of post-disaster coping strategies in the study area (Source: Field Survey, 2019). Note:

* Coping strategies within borrowing money category; * Coping strategies within assets disposal category.

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.

Dependent Variable
Expla}natory Consumption Temporary Grants from
Variables Borrowing Money Assets Disposal Reduction Migration 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 ns (1.18) *** (—1.53) *** n.s (—1.67) ***
Constant (2.31)* (2.20) * (—1.26) (—3.28) *** (—0.55)

Note: Unstandardized coefficients in parenthes