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abStract: River floods are distinct because not all of them are destructive and typically affect the people who are living 
in riverine areas. Therefore, people often refuse to evacuate even when they face imminent danger. River floods are a 
recurrent phenomenon in Bangladesh. This research aims to analyse the flood evacuation behaviour of riverine people 
in Bangladesh. A total of 377 households were selected for the questionnaire survey and were interviewed from April 
2019 to May 2019. Bivariate and multivariate statistics were employed to analyse riverine people’s evacuation behav-
iour based on their socio-demographic and economic characteristics. This study found that although 82% of the house-
holds had received flood warning messages, only 40% had evacuated. Results from multivariate analysis suggested 
that the age of household heads, their education, whether they are disabled/chronically ill members, their income, the 
height of floodwater inside the house, and the type of warning messages they receive appear to be key determinants 
that influenced their decisions regarding evacuation. Elderly household heads had a lower likelihood to evacuate. The 
results showed a negative association between early warning messages and evacuation. Household with disabled/
chronically ill member(s) was associated with a higher likelihood of evacuation. Similarly, higher water depth in the 
home was associated with evacuation. These findings will be helpful for policymakers to enhance awareness of river-
ine households.
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Introduction

Bangladesh is one of the most flood-prone 
countries in the world. Riverine areas of the coun-
try are at high risk of flooding. These riverine ar-
eas are currently the home of around 19 million 
people (BBS 2015). From 2015 to 2020, the coun-
try experienced nine flooding events. The num-
bers of people affected by the 2020 floods were 
around 5.4 million, which showed a significant 
increase compared to the events in 2015 and 2016 

(EM-DAT 2020). To ensure the safety of people 
in riverine areas, the Bangladesh government has 
been implementing different measures, including 
flood embankments, river training works, flood-
plain zoning, flood forecasting, and early warn-
ing system. Significant progress has been made to 
improve the early warning system of the country. 
However, the dissemination of the early warning 
messages to the end-users remains a challenge 
for the country (Chowdhury 2005, Rahman et 
al. 2013) resulting in an unsatisfactory response 
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of end-users. Besides, behavioural factors also 
play a crucial role in the success of early warning 
messages (Rahman et al. 2013). Therefore, further 
studies are necessary to understand the factors 
that influence riverine households on evacuation.

Bangladesh experiences floods almost every 
year. However, the August 2017 flood was record-
ed as the worst flood in recent decades (Mondal 
et al. 2021). This flood affected around 1.75 mil-
lion families and 147 people died (NDRCC 2017). 
Around 737,647 houses were damaged, and 
605,034 hectares of croplands were destroyed. At 
least 11,359 km roads and 800 km embankments 
were damaged, and more than 900 bridges/cul-
verts were destroyed (NDRCC 2017), leaving 
many areas inaccessible for emergency opera-
tion. The northern districts were severely affect-
ed by this flood.

Numerous studies from Bangladesh investi-
gated early warning and evacuation decisions. 
The bulk of these studies are in the context of cy-
clones (Paul, Dutt 2010, Paul 2012, Ahsan et al. 
2016). A handful of researches addresses flood 
early warning in Bangladesh (Chowdhury 2005, 
Shah et al. 2012, Rahman et al. 2013, Fakhruddin 
et al. 2015). Chowdhury (2005) proposed a five-
stage framework for flood forecasting and early 
warning in Bangladesh. Shah et al. (2012) investi-
gated farmers’ response to flood warnings in the 
Brahmaputra floodplains. Rahman et al. (2013) 
collected opinions about the early warning dis-
semination system from the two flood-vulner-
able communities of Dhobaura and Shibalaya 
sub-districts. Fakhruddin et al. (2015) studied 
the farmers’ response to probabilistic forecasts in 
Kaijuri Union. Cumiskey et al. (2015) investigated 

the role of mobile phone services in improving 
the social performance of flash flood warnings. 
However, researches on the factors that influ-
ence evacuation response to flood warnings in 
Bangladesh are scarce. Moreover, no study has 
been conducted to explore the factors that influ-
ence households to evacuate in a safe place in the 
context of the 2017 flood. Therefore, understand-
ing households’ evacuation behaviour to recur-
rent riverine floods in Bangladesh is appropriate.

Keeping in view the current research gaps, 
this paper aims to assess the role of individual 
factors in the evacuation decisions of riverine 
flood-affected households in Bangladesh. This 
study will improve our understanding of river-
ine households’ evacuation decisions to flood 
disasters, which is important to increase the re-
siliency of people in riverine areas of Bangladesh

Responses to flood warning and 
evacuation

This study used the existing approach (e.g. 
Paul, Dutt 2010, Paul 2012) on hazard warning 
and evacuation behaviour of individual house-
holds through the application of Bandura’s Social 
Cognitive Theory (SCT). This theory provides a 
basis to understand the personal and environ-
mental factors that shape individual behaviour 
in the context of an extreme natural hazard. 
Therefore, it presents a framework that illustrates 
the interactive dynamic relationships of personal 
and environmental factors, which determines an 
individual’s behaviour (Wood, Bandura 1989). In 
this study, this framework is used to explain how 

Table 1. Factors affecting evacuation decisions.
Factor Decisions on evacuation Examples of sources

Socio-economic and demographic characteristics
Age (older people) + Adeola (2008)
Education (college level) + Medina and Moraca (2016)
livestock ownership + Paul (2012)
Dependent family member (e.g. having chil-
dren) + Adeola (2008); Medina and Moraca (2016)

Membership in NGOs + Mondal et al. (2021)
Income (poor households) + Medina and Moraca (2016)
House ownership (own house) + Lim et al. (2016)
Hazard related factors
Floodwater depth in house + Medina and Moraca (2016)
Proximity to water source + Lim et al. (2016)

NGOs – non-governmental organizations.
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households’ characteristics, risk communication, 
and other relevant factors influenced the decision 
about evacuation in the context of riverine floods 
in Bangladesh.

Numerous studies have identified the factors 
that influence a household’s evacuation decision 
including evacuation notice, the timing of the 
notice, household characteristics, social network, 
proximity to water sources (Dow, Cutter 1998, 
Wilmot, Bing 2004, lindell, Perry 2012, Huang et 
al. 2015, Sadri et al. 2017, Alawadi et al. 2020). It 
is worth mentioning that these studies are mostly 
in the context of hurricanes and conducted most-
ly in developed countries. However, floods are 
recurrent in riverine areas and not all of them are 
destructive.

Studies revealed that flood evacuation be-
haviour is dependent on household socio-de-
mographic characteristics and hazard-related 
factors (Adeola 2008, Shah et al. 2012, Lim et al. 
2016, Medina, Moraca 2016) (Table 1). Adeola 
(2008) found that elder people are more likely to 
evacuate. Households with a college education 
are more likely to evacuate to their friends’ or 
relatives’ houses in non-flooded areas (Medina, 
Moraca 2016). Variables related to ownership of 
livestock had mixed effects on evacuation de-
cisions (Paul 2012, Das 2019). Studies reported 
that the presence of dependent family members 
(e.g. children, chronically ill persons, disabled 
persons) encourages partial evacuation (Adeola 
2008, Medina, Moraca 2016). Non-governmental 
organizations (NGOs) play an important role 
in emergency response such as relief distribu-
tion, evacuation and so on (Mondal et al. 2021). 
The level of income reflects the economic status 
of a household, which is considered an impor-
tant predictor for evacuation (Medina, Moraca 
2016). Shah et al. (2012) noted that a household’s 

response to flood warnings is influenced by 
warning and receiver factors as well as economic 
factors. A household that owns a house is more 
likely to evacuate (Lim et al. 2016).

Hazard-related factors, such as the depth of 
floodwater in the house (Medina, Moraca 2016) 
and proximity to a water source also influence 
a household’s decisions on evacuation (lim et 
al. 2016). Chakma and Hokugo (2020) noted that 
people do not evacuate until observing the evi-
dence of risk. Individuals also seek warning mes-
sages by observing river behaviour, rainfall trend, 
cloud colour or checking warning messages from 
alternative sources (Paul 2012). Other factors such 
as concern about looting, flood shelter centres be-
ing located in distant places, lack of space, no sep-
arate place for women, lack of latrines, and inad-
equate facilities discourage people to go to flood 
shelters (Mondal, Islam 2017, Saha, James 2017).

In this study, the word evacuation is used to 
mean ‘evacuate in safer places before, during or 
after the occurrence of flood’. This does not nec-
essarily mean that evacuating the threat area.

Materials and methods

Materials 

The data for this study were collected using 
a questionnaire survey administered in the three 
flood-affected districts (Nilphamari, Rangpur, 
and Gaibandha) of the northern region of 
Bangladesh. The questionnaire survey was con-
ducted from April 2019 to May 2019. Focus group 
discussions (FGD) with participating local leaders 
and residents were also used to collect relevant 
information. These interviews (FGD) allowed 
in-depth exploration of a variety of information, 

Table 2. Key characteristic of the surveyed locations, year 2019.
Category Purbachhatnai Gajaghanta Belka

Area [km2] 18 19 21
Total households 3435 7929 7608
location along 
the Teesta River 

Upstream Midstream Downstream

Infrastructure 
measures*

Earthen and concrete em-
bankment, spurs were found 
during the field visit, some 
areas were exposed to river

Earthen and concrete embankment, 
embankment reconstruction was 
going on during the field survey, 
few areas are exposed to river due to 
bank erosion

Exposed to Teesta River, 
no protection embank-
ment was found in the 
field survey locations

* – based on personal observation.
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including, but not limited to, the characteristics 
of the flood, vulnerability and capacity, flood 
early warnings and evacuation, sheltering, and 
relevant issues that riverine people experienced 
during the 2017 flood.

The household-level questionnaire survey 
was administered in three unions, selecting one 
union from each district (Purbachhatnai from 
Nilphamari, Gajaghanta from Rangpur, and 
Belka from Gaibandha) (Fig. 1). These three un-
ions are located on the right bank of the Teesta 
River in Bangladesh and have flat topography 
(Table 2). The principal flooding mechanism is 
the overflow of the riverbank. This overflow of 
the riverbank is accompanied by the peaks of 
floods along with widespread transportation 
and deposition (Zwoliński 1992). Floods are re-
current in these three unions. The questionnaire 
used was pretested and it recorded households’ 

socio-economic information, flood characteris-
tics, vulnerability and capacity of household, 
perception, household response, and other rele-
vant information. An individual household was 
considered the primary sampling unit in this 
study. A complete list of all riverine households 
in the selected unions was not available. To select 
households from the riverine area, a systematic 
random sampling procedure was used. It was de-
cided that the number of households to be inter-
viewed from each union should be proportional 
to its size. The total number of households for 
these three unions was 18,972 (BBS 2013). A sam-
ple size of 377 was calculated using Cochran’s 
Formula (Cochran 1977). The calculated sample 
sizes for each union were: 68 for Purbachhatnai, 
158 for Gajaghanta and 151 for Belka. In each se-
lected household, the male or female head of the 
household or the elderly was interviewed.

Fig. 1. Map of the study area.
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Methods

The descriptive analysis was performed using 
Pearson’s χ2 test. A multivariate logistic regres-
sion model was used to determine the factors 
affecting a household’s decision to evacuate. 
Because evacuation decision is in binary form 
(yes or no), logistic regression is an appropriate 
statistical technique.

Selection of independent variables

To identify factors of influence on evacuation 
decisions, a total of nine independent variables 
were selected based on the theoretical under-
standing, literature review and availability of 
data (Table 3). It is noted that all components of 
SCT are not entirely applicable for Bangladesh 
(Paul 2012). Therefore, the analysis of this study 
can be seen as a partial application of SCT. 

Results and discussion

Characteristics of households

The average age of the household head was 
48.9 years at the time of the questionnaire survey. 
Table 4 shows that only 20 of the 377 households 
were headed by a female member. About 33.4% 
of the households reported a monthly income of 
<6000 BDT, whereas only about 23.9% earned 

>10,000 BDT. The data also show that 48% of 
all households were agricultural landless (Table 
4). Among the agricultural landholders, around 
66% (128 out of 195) households owned between 
0.21 acres and 1.00 acres. Agriculture was the 
primary occupation for 63.1% of all households, 
followed by wage labour (22.8%). Concerning 
the level of education, around two-thirds of the 
households had studied beyond the primary lev-
el (Table 4). These socioeconomic characteristics 
of the households clearly indicate that riverine 
people are poor and have a lower level of edu-
cation. These factors make riverine people more 
vulnerable to hydro-meteorological hazards, 
particularly floods, compared to people in other 
parts of the country. 

Early warning and evacuation behaviour

The results of the questionnaire survey re-
vealed that 82% of households received flood 
early warning in the 2017 flood. However, only 
40% of households were evacuated from their 
residence in a safe place including flood shel-
ter (4.8%), school building (4.8%), flood pro-
tection embankment (21.0%), and neighbour’s 
house (18.0%) (Fig. 2). The highest percentage of 
households from Gajaghanta (χ2 = 19.96, df = 2, 
p ≤ 0.010) were evacuated in a safe place. Around 
44% of households received a warning message 
from a local leader or through a megaphone an-
nouncement. Mass media also plays an important 

Table 3. Summary statistics of the selected variables (variables derived from questionnaire dataset, 2019).
Category name Variable Variable description Mean SD

Socio-demographic Age Age of household head (in years) 48.93 14.15
Education Highest education within the households (continuous) 7.31 3.90
Disabled/ill Household has at least one disabled/chronically ill mem-

ber(s): yes = 1, otherwise = 0
0.37 0.48

Income Monthly income of household >Tk. 10,001: yes = 1, other-
wise = 0

0.24 0.43

livestock Household has livestock: yes = 1, otherwise = 0 0.60 0.49
Affiliation Household is affiliated with NGOs: yes = 1, otherwise = 0 0.19 0.40

Hazard related 
factors

Flooding experience Maximum height of floodwater inside the house in 2017 
flood (in feet)

6.58 4.43

Distance House is located within 1000 m from the riverbank: 
yes = 1, otherwise = 0

0.85 0.36

Early warning 
message 

Warning Household received last flood (in 2017) disaster warning: 
yes = 1, otherwise = 0

0.82 0.39

Regional variables Purbachhatnai Household lived in Purbachhatnai: yes = 1, otherwise = 0 0.18 0.39
Belka Household lived in Belka: yes = 1, otherwise = 0 0.40 0.49

Note: 1 US Dollar equal 84.25 BDT (Source: Bangladesh Bank, April 2019); BDT – Bangladeshi Taka; NGOs – 
non-governmental organizations; SD – standard deviation.
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role and only 26% received warning information 
from television/radio/newspaper. Nearly 60% 
of the households received a warning message 
from their social connection (e.g. neighbours, rel-
atives, friends). Around 18% of households got 
warning information from the mosque. However, 
only three households received information from 
NGO officials.

Factors associated with evacuation

All the explanatory variables (Table 2) were 
included in the binary logistic regression model. 
Results of the binary logistic regression model 
of factors affecting evacuation behaviour to riv-
erine flood disasters are presented in Table 5. 
Multicollinearity among the explanatory varia-
bles was checked using correlation analysis. The 
model is statistically significant, likelihood ratio 
χ2 =  86.50, p ≤ 0.001. The Hosmer and Lemeshow 
χ2 test was non-significant for the model.

The study results showed that the age of the 
household head was negative and significant-
ly related to evacuation. This implies that older 
household head is less likely to evacuate. This 
could be explained by the mobility issues as the 
age of the household head for the majority of the 
households with only two family members were 
>45 years. In the context of a hurricane in the USA, 
Alawadi et al. (2020) and Adeola (2008) reported 
that older household heads were less likely to 
evacuate. This could mean that disaster managers 
should design the evacuation plan in such a way 
that will better accommodate the elderly.

The results also showed that the probability 
of evacuation decreases with the increased level 
of education. This implies that educated house-
holds are less likely to evacuate. A review of the 
field data reveals that the majority of educated 
households with an education level of >9 grade 
had an income of > 10,000 BDT/month, possess 
agricultural lands and mostly lives far away from 
the riverbank (>1 km) and modified their houses 
with strong materials to protect them from be-
ing flooded. This finding is different from other 
studies (Medina, Moraca 2016) that showed that 
educated households are more likely to evacuate. 
However, Lim et al. (2016) did not find any rela-
tion between education and evacuation.

Households with disabled/chronically ill 
members are more vulnerable to natural disasters 

Table 4. Selected socioeconomic and demographic 
characteristics of the surveyed households, n = 377, 

year 2019.

Socio-demographic profile Percent-
age [%]

Age of household head (in years) 
 <30 7.7
 30–50 45.9
 >50 46.4
Sex of household head
 Male 94.7
 Female 5.3
Highest education within household
 No formal education 9.0
 1–5 24.9
 6–10 52.3
 >10 13.8
Average income of the household
(in BDT per month)
 <6000 33.4
 6001–10,000 42.7
 >10,001 23.9
Occupation of household head
 Agriculture 63.1
 Wage labour 22.8
 Business 6.6
 Service 1.9
 Others 5.6
Construction material of the house
 Thatched house 6.4
 Corrugated iron (CoI) 76.9
 Thatches with CoI sheet 10.3
 Semi wall 6.4
Ownership of agricultural lands (in acres)
 Without agricultural land 48.0
 0.04–0.20 acres 7.4
 0.21–1 acres 34.0
 >1.01 acres 10.6
Ownership of land where the house is located
 Own land 68.3
 Relative land 22.7
 Government (Khas) land 2.5
 Rented land 6.4

Fig. 2. Evacuation centres (multiple responses 
considered) reported by the households (n = 377, year 

2019).
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than others (Islam et al. 2018). The findings of this 
study suggest that the likelihood of evacuation 
was higher among households with disabled/ill 
members. Studies reported that concerns about 
the well-being of vulnerable family members 
(e.g. chronically ill, disable) often lead to partial 
evacuation (Paul 2012). This finding necessitates 
the proper evacuation plan for the disabled and 
chronically ill members to evacuate in advance 
of a flood. These findings are consistent with 
Adeola (2008) that reported households with dis-
abled people were more likely to evacuate than 
households without disabled people.

Table 5 shows that the evacuation rate was 
lower among the households that earned > 10,000 
BDT/month. This result is in the line with previ-
ous findings that showed that wealthier house-
holds are less likely to evacuate (Medina, Moraca 
2016). This might be because higher-level income 
groups have adapted more strategies at their dis-
posal to mitigate risk against flood.

The result shows that the evacuation rate was 
lower among the households who owned live-
stock compared to households without having 
livestock, but this difference is not statistically 
significant. This may be because shelters are not 
equipped to keep livestock which demotivates 
households to evacuate. Therefore, instead of 
taking shelter in a safer place with their livestock, 
they prefer to stay at home with their livestock. 
Studies noted that cattle owners from the coastal 

region of Bangladesh are less likely to evacuate to 
cyclone shelters (Saha, James 2017).

Affiliation with NGOs did not appear as a sig-
nificant predictor of evacuation behaviour. This 
may be because NGOs are mainly supporting 
livelihood enhancement overlooking the long-
term resilience of riverine people. Besides, floods 
are recurrent in the study areas. Thus, the evac-
uation behaviour was not significantly different 
across affiliated NGO groups.

The height of floodwater inside the room was 
positively related to evacuation. This implies that 
riverine people still consider the ‘wait and see’ 
approach for evacuation. People refuse to evacu-
ate as long as the floodwater does not rise within 
their homestead. Another reason could be related 
to their experience with the previous flood (Ourn, 
Suntornvongsagul 2015), which leads them to act 
upon seeing the characteristics of the flood. In 
the case of risk management, it is thus essential 
to raise the awareness of people to act upon get-
ting the evacuation notices. Besides, the warning 
messages should be disseminated in an easily un-
derstandable way. This result is in the line with 
previous findings that showed that households 
who experienced deeper inundation were more 
likely to evacuate than those who experienced 
shallow flooding depth (Medina, Moraca 2016).

The location of the house from the riverbank 
did not influence evacuation behaviour. This is 
because, irrespective of their house location, a 
majority of the surveyed households faced inun-
dation of their houses in 2017 and thus no signif-
icant differences were observed. Some scholarly 
evidence showed that proximity to water posi-
tively influenced hurricane evacuation (Wilmot, 
Bing 2004).

Surprisingly, the results revealed a negative 
relationship between evacuation and warning 
messages. This may be because more than half of 
the households received warning messages <6 h, 
which discouraged households to evacuate in a 
safe place. This finding is consistent with earlier 
research findings of Shah et al. (2012). Results of 
the FGD, (Purbachhatnai) revealed that the ear-
ly warning system in the study area is very poor. 
In most cases, they received information about 
the increase or decrease of the water level of the 
Teesta River. But they do not know how much the 
water level might increase in the coming days. 
People usually use environmental cues (e.g. cloud 

Table 5. Logistic regression results for factors asso-
ciated with evacuation behaviour (1 = evacuated; 

0 = not evacuated, n = 377, year 2019).
Variables B SE Exp(B)

Age −0.034*** 0.009 0.967
Education −0.084* 0.033 0.919
Disabled/ill −0.774** 0.267 2.168
Income −0.753* 0.309 0.471
livestock −0.213 0.251 0.808
Affiliation −0.061 0.314 0.941
Flooding experience −0.074* 0.035 1.077
Distance −0.178 0.342 1.194
Warning −1.270*** 0.326 0.281
Purbachhatnai −1.400*** 0.363 0.247
Belka −1.548*** 0.345 0.213
Constant −3.050*** 0.772 21.119

Note: ***, **, * imply significance at 0.1%, 1%, and 5% 
levels, respectively; LR χ2 (11) = 86.497; Log likelihood: 
421.115; Nagelkerke R2: 277; SE – standard error.
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colour, wind direction, exceptional behaviour of 
animals, observing celestial bodies, and river 
watercolour) to guess river flood (Mondal 2012). 
However, people become helpless when there is 
an onrush of water from the upstream due to the 
opening of barrage gates (Mondal et al. 2020).

On the other hand, the probability of evacua-
tion was significantly higher in Gajaghanta than 
in the other two survey locations.

Conclusions

This study examined households’ evacuation 
behaviour to the 2017 flood disaster in the north-
ern region of Bangladesh. This study identified 
several factors that determine households’ evac-
uation behaviour to a river flood. These factors 
include the age of the household head (p < 0.001), 
received early warning messages (p < 0.001), disa-
ble/chronically ill member (p = 0.004), education 
(p = 0.011), income (p = 0.015), and the height of 
floodwater inside the room (p = 0.036). Also, the 
study identified regional variations in the evacu-
ation behaviour of the riverine people. To make 
riverine households more aware of the floods ir-
respective of age, education and income sources, 
the disaster managers must educate them about 
the benefits of taking shelter in a safe place be-
fore danger. This can be done by arranging a reg-
ular meeting with flood-affected households. The 
provision of livestock shade adjacent to the flood 
shelter will also increase the evacuation rate. The 
findings also showed that lack of information 
about the severity of flood (level of water rise of 
the river) inhibited riverine people to evacuate. It 
is, therefore, necessary to improve the flood ear-
ly warning system so that it incorporates behav-
ioural aspects of human responses to warnings.

The decision to evacuate or not is very com-
plex in Bangladesh, especially for the river flood. 
The findings of this study are based on the anal-
ysis of evacuation behaviour for a specific flood-
ing event in the riverine areas of Bangladesh. 
Evacuation behaviour is different from flood to 
flood and thus, the findings cannot be general-
ised for the whole riverine areas of Bangladesh or 
other parts of the world. Also, the use of a bina-
ry logistic regression model offers only two out-
comes (evacuated vs. not evacuated) and does not 
offer insights on whether all or partial members 

of the family were evacuated. Studies similar to 
this can be conducted in other riverine areas to 
validate the findings of this study.
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