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Abstract: This study intends to explore the extent of the use of information and communication
technology (ICT) in flash-flood-prone haor (wetland ecosystem) areas of north-eastern Bangladesh.
Addressing the situation of severe flash floods in 2017 at the community level, this study aims to
examine the constraints and challenges in using ICT for flash flood risk management. An empirical
study was conducted in two upazilas (administrative sub-districts) within the Sunamganj, the most
affected district. A total of 120 household heads were interviewed using a semi-structured question-
naire. Focused group discussions (FGD) and key informant interviews (KII) were also used. Results
reveal that people in these areas do not use computers or Internet. However, the use of mobile phones
is common for communication during disasters. Illiteracy, poor quality of life, poor social capital,
poor infrastructure, and poor communication with institutions are highlighted as the main constraints
and challenges in the effective application of ICT in flash flood management. The results showed
that the local community people of the study area receive early warning and hazards preparedness-
related information through mobile phones, television, radio, and Facebook. However, the results
also highlighted the constraints and challenges in applying ICT in DRR at the community level. By
addressing a remote region and a relatively less focused disaster (flash flood), this study contributes
to boosting the application of ICT in DRR, especially in remote, disadvantaged communities.

Keywords: ICT; impacts of flash flood; haor; north-eastern Bangladesh

1. Introduction

Information and communications technology (ICT) is emerging worldwide as an inte-
gral aspect of human lives. Scholars argue that ICT plays a critical role in all aspects of life,
ranging from personal communication between individuals and interaction within and be-
tween communities to global trade and commerce, knowledge sharing, and negotiation [1].
In addition, ICT is an accelerator of social and economic progress [2]. In today’s world, ICT
is gaining more importance for disaster risk reduction (DRR) [3]. Almost all developed
countries extensively use ICT and ICT-based applications to manage natural hazards, as
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ICT encompasses both traditional media (radio, television) as well as new emerging media
(cell broadcasting, the Internet, satellite radio, etc.). All these communication media play a
major role in minimizing the risks of a potential or impending disaster. Before disasters
strike, ICT is used as a channel for disseminating information about impending danger,
thus making it possible to take the necessary precautions to mitigate the impact of these
hazards. For example, television is used as the most common and popular platform for
early warning to minimize the negative impacts of different natural hazards in Bangladesh.
Hence, to achieve effective DRR, it is crucial that the application of ICT is consistent in risk
areas [4]. In terms of flooding events, ICT plays an increasing role in different stages of
flood risk management, including forecasting and prediction, early warning, mitigation,
response, and recovery, as well as rehabilitation [5]. These can be accomplished in flood risk
management using different types of ICT, such as remote sensing, geographic information
systems, satellite and space technology, wireless sensor networks, mobile technology, and
social media.

Due to the emerging and crucial role of ICT, the Bangladesh government has assigned
the highest priority to develop ICT and its various applications in all sectors of development
and management [4]. The government has placed a high level of emphasis on digital
technologies, with the state-sponsored digital initiative ‘Digital Bangladesh’ being used to
promote different ambitious ICT projects that aim for a poverty-free and more inclusive
society by 2021 [6]. In addition to socio-economic development, the government considered
the crucial role of ICT in disaster management and preparedness by mainstreaming disaster
preparedness and management in its National ICT Policy 2009 [7]. It is well known
internationally that Bangladesh is one of the most disaster-prone countries in the world [8].
Of the different types of disaster, floods and cyclones are the most common hazards faced in
Bangladesh. Although flooded rivers have a widespread impact, flash floods are emerging
as severe hazardous events in almost all countries [9], especially in the north-eastern
areas of Bangladesh. As Bangladesh is a low-lying country, the frequency, intensity, and
duration of floods have significantly increased in the last few decades, and it covers 13% of
Bangladesh [10]. As flash flood occurs very frequently in Bangladesh, an early forecasting
system can significantly mitigate the severity of flash floods [11,12]. Although there are
some conventional early warning systems to minimize the negative impact of monsoon
floods, there is no flash flood early warning system available in haor areas of Bangladesh.

The wetland region of north-eastern Bangladesh, known as the haor, is highly prone
to flash floods. In early 2017, nearly one million households were affected by a flash flood
that damaged rice crops valued at USD 450 million [13]. As reported in one study, flash
floods cause enormous damage to crop production and place the agricultural sector at
significant risk [14]. They also threaten the lives and livelihoods of the people. Local
people usually follow and use different approaches to obtain information related to flash
floods and associated issues, with this information utilized for preparedness, risk reduction,
and recovery. Among these approaches, the extent of ICT uses and its constraints and
challenges are not yet known. In different parts of the world, initiatives and research have
been undertaken related to the use, benefits, constraints, and challenges associated with
ICT use, especially in relation to disaster management [2,15]. In Bangladesh, academic
studies have identified the use and challenges of ICT in the education sector as well as the
overall challenges [6,16,17].

Sustainability is composed of ecological, economic, social, environmental, and political
aspects. Adoption of ICT by the local government can contribute to mitigating flash flood
risk in the haor areas of Bangladesh and leads to the development of a sustainable, resilient
community [18]. Previous research suggests that quality and management practices of
ICT can play a significant positive role in sustainability, including environmental, social,
and economic sustainability [19]. Thus, the adoption of ICT in flash flood management
will ensure social sustainability by implementing an early warning system; economic
sustainability by minimizing economic loss in agriculture, fisheries, and households; and
ecological sustainability by an information-based land use system (bottom layer fish sanc-
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tuary and upland rice cultivation). Combining all these approaches will finally lead to a
sustainable information society and a flash-flood-resilient community [20]. However, no
academic research has addressed the uses and challenges of ICT applications, specifically
in flash flood management in the haor region. The haor is a unique region of Bangladesh,
and flash floods are, to some extent, unique to that region.

Therefore, considering the haor region, flash floods, and ICT, this study attempts
to determine the ways in which ICT was used in recent flash flood management at the
community level. This study employs a quantitative approach to investigate how to
adopt ICT in flash flood risk management and how this adoption improves ecological
and social sustainability. The study also identifies the constraints and challenges faced by
ICT in successfully implementing flash flood management at various levels in the affected
area. With an empirical study in two sub-districts (upazilas), this study explores whether
significant differences occurred in ICT use and constraints in these two different areas. The
conceptual framework or layout of the present study is presented in Figure 1.

Literature review and collect
background information

|

aFieId survey and primary data collectioné

Approaches Actors
» Questionnaire survey » Local community people
» Key informant interview (KI) (both men and women)
> Focus group discussion (FGD) » Government and non-
» Workshop government organizations

Analysis of collected data and assess the
role of ICT in flash flood risk management

Figure 1. Conceptual framework or layout of the present study.

2. Materials and Methods

The north-eastern region of Bangladesh (Sunamganj district: the most flash-flood-affected
region) was selected as the study area in the present study. The study was conducted at the
community level in two upazilas within the Sunamganj district. The sampling unit was an
individual person representing a family. Without following a sound sampling technique due
to time and resource limitations, a total of 120 individuals (60 persons from each upazila) were
interviewed using a semi-structured questionnaire (Supplementary Materials).

Respondents were randomly selected with attempts made to cover all types of liveli-
hood groups. The questionnaire survey was conducted over about three weeks from
6—26 December 2017 (a few months after the flash flood). The main aspects addressed in
the questionnaire were the impact of the flash flood, types of ICT use, constraints in the use
of ICT, and expectations for enhancing ICT use for flash flood management. To validate the
data, focus group discussions (FGDs) (one in each upazila) and key informant interviews
(mainly with an agriculture officer, upazila officials, and local leaders) were conducted
(Table 1). Microsoft (MS) Excel and IBM’s SPSS Statistics were used for data processing and
analysis. Cross-tabulation, descriptive statistics, and chi-square tests were conducted at the
community level to explore any significant differences between the two upazilas in ICT use,
constraints, and expectations.
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Table 1. Data collection methodology used in this study.

Data Collection Approach

Collected Data/Variables

Respondents

Semi-structured questionnaire survey
at community level

Demographic and socio-economic information related
to gender, age, education, occupation, and type and
location of house

Flash flood impact-related information (impact on
livelihood, food security, agriculture, health, water
supply, and sanitation)

Use of ICT modes (television, telephone, mobile phone,
broadcast radio, Facebook, etc.)

Household head in each of the two upazilas
was the respondent

Focus group discussion (FGD) and
interviews with key informants

Constraints and challenges in ICT use
and/or applications

Held in each of the two upazilas: about
15-20 people attended the discussion. Key
informants, such as an agriculture officer,
upazila officials, and local leaders,

were interviewed

2.1.

Study Area and Studied Communities

2.1.1. Study Area

In Bangladesh, the north-eastern haor (wetland) region comprises six districts (Sylhet,
Moulauvibazar, Sunamganj, Habiganj, Netrokona, and Kishoreganj.). The Bangla term
haor means a wetland ecosystem that is topographically a bowl-shaped shallow area, also
known as ‘black swamp’ [21,22]. During the monsoon, due to receiving run-off water from
rivers and canals, the haor turns into a vast area of water, and the villages seem like islands.
However, after the monsoon, the area gradually becomes vast green land.

The haor region is prone to flash floods: the flash flood in 2017 was devastating. Ac-
cording to the Department of Agricultural Extension (DAE) [23], the Sunamgan; district was
the most affected among the above-mentioned six districts by the early flash flood in 2017.
Therefore, this study selected as its study area two upazilas (sub-districts), Bishwamvarpur
and Tahirpur, from the Sunamganj district (Figure 2).
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Figure 2. Study area showing Tahirpur and Bishwamvarpur upazilas in the Sunamganj district,
north-eastern Bangladesh.
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Flash floods occur in this area mainly due to heavy rainfall from the very steep uplands
in the Meghalaya Hills [24]. The Meghalaya Hills on the Indian side of the border are
among the world regions that receive the maximum annual rainfall (12,000 mm). According
to the Center for Environmental and Geographic Information Services (CEGIS) [25], the
mean annual rainfall in the Sunamganj district varies between 3600 mm and 7800 mm.
Many rivers flowing into Bangladesh have their source in the hills of Meghalaya in that
territory. Every monsoon, these rivers overflow riverbanks and embankments, causing
flooding and damage to crops and other property.

The study area covers 440.70 km? and supports a population of 0.26 million. The liter-
acy rate is 31.45%. Agriculture is the largest producing sector of the economy, employing
66.52% of the population. Aside from agriculture, other income-generating activities carried
out in this region include fishing, business, services, wage labor, stone collection, etc. [22].

2.1.2. Studied Communities

To vividly depict a community’s ICT utilization, it is necessary to understand the peo-
ple’s socio-economic characteristics, their location, ICT coverage, and their responses to the
flash flood occurring around them. The extent of a community’s risk from hazards depends
on the frequency and severity of hazards and their vulnerability to those hazards [26].
Table 2 shows the socio-economic characteristics of the people studied. As shown in the
table, most people are aged between 26 and 50, indicating that they are still young when it
comes to adopting ICT to minimize flash flood risk. In terms of education, the educational
level of most respondents varies from primary to secondary levels.

Table 2. Socio-economic characteristics of the respondents from the study area.

Sunamganj District

Socio-Economic Parameters Tahirpur Upazila Bishwamvarpur Upazila

% of Respondents % of Respondents

Gender
Male 70 85
Female 30 15
Age
Young (<25 years) 10 15
Middle-aged (26-50 years) 65 60
Old (>50 years) 25 25
Education level
Illiterate 10 20
Primary school 45 50
Secondary school 35 25
College 5 5
Graduate 5 0
Occupation
Agriculture 30 65
Services 30 5
Business 10 5
Day labor 5 20
Other (fisherman, rickshaw

25
puller, boatman)
Location of house
Bank of river 20 10
Bank of haor 65 30
Roadside 15 60
Type of house
Pacca 20 55
Semi-pacca 35 5
Katcha 45 40

Note: pacca—brick and concrete; semi-pacca—brick, mud, and tin sheet; katcha—bamboo, mud, and rice straw.
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The main source of livelihood in the study area is agriculture. However, in Tahirpur
upazila, services are also an important source of livelihood. In the case of housing, people
of Bishwamvarpur upazila live in better houses compared to those in Tahirpur upazila,
with the findings denoting that more than half the people in Bishwamvarpur live in a pacca
house. It was thought in this study that the socio-economic differences in the two studied
communities could influence their use of ICT and the constraints they face in ICT use.

3. Results
3.1. Impacts of 2017 Flash Flood

Excess rainfall in the upstream hilly areas and subsequent run-off, sedimentation in
the rivers, deforestation and hill degradation, improper drainage, unplanned road and
water management infrastructure, and the effect of climate variability are believed to be
the major triggers of flash floods in this region. Generally, flash floods occur in the haor
areas in the early monsoon (from the end of April through the month of May), with farmers
not having sufficient time to harvest their standing boro rice crop. The flash flood in 2017
triggered a situation of havoc for the people in the haor areas as the floodwaters came very
quickly. The rising water was reported to have overflowed and breached embankments,
inundating vast areas of crop lands.

In the Sunamganj district, although flash floods hit almost every year, the boro rice
crops of Matian Haor, Tanguar Haor, and Shanir Haor in Tahirpur upazila were drastically
affected by the flash flood (Figure 3). As shown in Table 3, most of the respondents in both
upazilas highlighted that agriculture was badly affected by the flash flood in 2017. When a
flash flood occurs in this area, the boro rice stands during that period in the field. However,
when a sudden flash flood occurs accompanied by an onrush of water, this completely
damages the boro rice crops. Apart from agriculture, more than 50% of Bishwamvarpur
upazila respondents mentioned that safe drinking water and sanitation systems were also
hampered by the flash flood. Pearson’s chi-square test was conducted for each parameter
to identify any variation of impact between the two sub-districts (upazilas). Results show
that livelihood, fisheries, safe drinking water, settlements, and infrastructure experienced
significantly different levels of impact in the two upazilas. Tahirpur upazila is relatively in
closer proximity to the foothills of Meghalaya, India. Water via heavy rainfall comes from
the very steep uplands in the Meghalaya Hills to Tahirpur upazila first, with this upazila
more affected by the flash flood than the Bishwamvarpur upazila. Reasons mentioned
by respondents for the variation of impacts between the two upazilas included locational
remoteness, poor condition of infrastructure, and poor institutional set-up.

Table 3. Impacts of flash floods in study area (% of respondents).

Tahirpur Bishwamvarpur Pearson’s Chi-Square:
Parameters s
Yes No Yes No Significance Level

Agriculture 90 10 95 5 0.298
Livelihood * 35 65 15 85 0.011
Fisheries * 15 85 0 100 0.002
Livestock 20 80 20 80 1.000
Food security 35 65 25 75 0.232
Safe drinking water * 20 80 50 50 0.001
Sanitation 40 60 55 45 0.100
Health 25 75 15 85 0.171
Education 15 85 5 95 0.068
Migration 45 55 50 50 0.583
Settlements * 10 90 0 100 0.012
Infrastructure * 35 65 5 95 0.000

Note: Parameters with * symbol denote parameters that significantly vary in the two upazilas. Significance levels
calculated by Pearson’s chi-square test are shown in the last column.
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Figure 3. Flash flood 2017: images showing impacts on the study area.

3.2. ICT Use and Constraints at Community Level: Lessons from 2017 Flash Flood

Table 4 reveals that in both upazilas, people used different types of ICT modes, with
television being the most common one. During the 2017 flash flood, most respondents were
dependent on television for information and warnings related to the flash flood. To combat
the flash flood, they received response- and recovery-related activities mainly via television
in both upazilas. Mobile phone was another main source of flood-related information
collection and dissemination. They received preparedness-related guidelines via mobile
phone. Some people also received early warnings and preparedness-related information
via radio, Facebook, and telephone.

Table 4. Types of ICT used in flash flood risk reduction (% of respondents).

ICT Modes Tahirpur Bishwamvarpur SigIIJl -i\fgi::::::llivel
Television * 90 75 0.053
Mobile phone * 60 30 0.002
Broadcast radio * 23 8 0.043
Facebook * 23 0 0.000
Telephone * 30 0 0.000

Note: ICT modes marked with * have significant variation in uses in the two studied upazilas.

The chi-square test results denote significant variation between the two upazilas in all
types of ICT mode use. As Tahirpur upazila is relatively more vulnerable to flash floods
compared to Bishwamvarpur upazila, the people of Tahirpur upazila were more dependent
on different modes of ICT in their preparedness for flash floods. Although ICT use and
applications have been recognized in every phase of disaster risk reduction (DRR) and
management, people in the study area are faced different constraints in using and applying
ICT applications in their flood risk reduction and management.

During the field survey, respondents were asked about their experiences of the differ-
ent constraints they faced during the 2017 flash flood. Respondents from both the studied
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upazilas listed the constraints they faced in applying or using ICT during the 2017 flash
flood, with this list shown in Table 5. The different constraints reported by respondents
were grouped into nine types. Among the listed constraints, illiteracy was found to be the
principal one. As shown in Table 5, illiteracy was the most pressing issue in the adoption
of ICT in both upazilas. In Tahirpur upazila, almost all respondents (90%) were found to
be illiterate, with this identified as the key constraint in utilizing ICT in flash flood risk
reduction. Furthermore, in addition to information literacy, most people in the studied
upazilas also lacked basic literacy.

Table 5. Community constraints in using ICT for flash flood risk reduction (% of respondents).

Types of Constraints Tahirpur Bishwamvarpur
Lack of quality of life * (0.019) 15 35
Mliteracy * (0.000) 90 40
Access and transportation 30 35
Located in remote area 55 43
Poor communication with institutions * (0.079) 30 15
Lack of training 15 10
Lack of willingness to adopt ICT 20 11
Poor awareness about flash flood response 40 30
Poor social capital * (0.053) 25 10

Note: Multiple responses are considered here. Constraints marked with * show significant variation between the
two upazilas. Values inside the first column bracket indicate the level of significance.

Bivariate analysis implied that the two studied upazilas (sub-districts) were signifi-
cantly different in reporting illiteracy as a constraint. While the overwhelming majority
(90%) of Tahirpur respondents claimed illiteracy as a constraint in ICT use in flash flood risk
reduction, in contrast, only about 40% of respondents from Bishwamvarpur highlighted
illiteracy as a constraint. Apart from illiteracy, lack of quality of life, remote location, poor
communication with institutions, and poor awareness about flash floods were highlighted
as the main constraints to using ICT in flash flood management and risk reduction.

3.3. Challenges in the Use of ICT in Flash Flood Management

This study conducted interviews with key informants and focus group discussions
on exploring the challenges in the use and application of ICT in the study area for flash
flood management and risk reduction. Among the different challenges, some were at the
individual or community level, while others were associated with the institutional level
and/or national development initiatives and actions. The current study identified the
following main challenges, as highlighted in Table 6.

Table 6. Challenges in using ICT for flash flood risk reduction (% of respondents).

Types of Challenges Tahirpur Bishwamvarpur
Unavailability of logistics to support ICT at individual
80 70
or household level
Unpredictable nature of flash floods 95 90
Lack of professionalism and skilled manpower 55 60
Failure of power supply 90 80
Poor Internet facility infrastructure and maintenance 55 40

4. Discussion

Based on the present study and previous reports, flash floods hit almost every year
in the study area [21] and cause a devastating situation for the livelihoods of thousands
of farmers [27]. A previous study also reported that the variety of information provided
by ICT is beneficial to all communities [28]. The use of ICT and its application to mitigate
the devastating effects of flash floods by early forecasting has also been reported in several
reports [2,7], but the present study highlighted that people in the study area are faced
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different constraints in using and applying ICT applications in their flood risk reduction
and management. It has already been reported that information literacy is important in
recognizing people’s information needs, locating and evaluating the quality of information,
storing and retrieving information, and making effective and ethical use of information [29].
One of the main constraints was identified as the remoteness of the study area. Prior
research recognized the difficulties in communicating disaster alerts to people using cellular
phones and radio broadcasts, as some locations have very poor radio and cellular phone
reception [30].

In 2004, one study identified different challenges in the use and application of ICT in
developing countries [31]. However, Bangladesh today still has not eliminated most of those
challenges, with the current study identifying that they continue to exist in Bangladesh.
Similar to our findings regarding the challenges of using ICT in flash flood management,
prior research has considered that the two main components of ICT are computers and the
Internet [32]. Due to this unpredictable nature, at times, it becomes difficult to predict the
exact time and extent of flooding, especially when using the limited ICT available at the
institutional level in Bangladesh, which has also been reported by Martins [33]. According
to key informants and focus group discussions with local communities, local-level sub-
district (upazila) officers were also not sufficiently skilled to apply different types of ICT for
flash flood risk prediction, forecasting, and management. However, as one goal of ‘Digital
Bangladesh’, the Bangladeshi government has proposed an assessment of ICT skills in
public service entrance exams [6]. Moreover, prior research has recommended that efficient
manpower and secure communications infrastructure is a precondition for successful ICT
applications and development [34].

Although it is difficult to diminish the extent of flash floods due to their sudden
nature and the geomorphological characteristics of the haor area, local authorities and
communities need to be well prepared to reduce risks and to manage flash floods efficiently.
Efficient risk management demands effective and efficient ICT use and applications. Zubairi
and Idwan [35] support the view that in any mass disaster situation, such as a building
collapse, earthquake, or flash flood, chaos and unmanageable situations may make it
difficult to save lives. Better and more modern ICT can minimize these problems. For this
to occur, however, constraints in ICT use and applications need to be eliminated.

Analysis of ICT use, constraints, and challenges in flash flood management reveals
that education, training, skill development, and awareness, as well as infrastructural devel-
opment, are needed to ensure ICT applications for effective DRR, thus demanding that a
coordinated approach is used in the institutional set-up (Figure 4). The current study has
identified illiteracy, poor quality of life, and poor social capital as some of the prime con-
straints that need to be prioritized in national ICT policy actions. Furthermore, other studies
have advocated not only developing infrastructure but also educating people before the
Internet becomes available and popular in targeted areas [28]. Scholars have also claimed
that ICT can facilitate inter-village communication and community participation, bringing
about positive outcomes for local communities at least at an early stage of diffusion.

Therefore, it can be expected that the constraints restricting ICT use and applications
could be eliminated by enhancing ICT services and products. Moreover, the impacts of
flash floods and ICT use and constraints in flash flood risk reduction are not the same in all
areas. Therefore, the characteristics of the location, the extent of flash flood impacts, the use
of ICT, and the nature of constraints and challenges in applying ICT need to be emphasized
in the efforts and policy actions of the ‘Digital Bangladesh by 2021 vision. Although the
government has considered ICT as an important component in policy action for digital
Bangladesh, the sectoral-based (ICT in DRR) implementation has not been started yet at the
local and community level. The government has allotted a significant amount of budget at
national level, and they are planning to work in close cooperation with the non-government
organizations and local community peoples to develop disaster resilient community in the
Haor areas of Bangladesh. We strongly believe that our findings on the role of ICT in flash
flood management will help the government and policy makers in the development of an
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ICT-based flash flood resilient community by providing early warning among the local
level community people.

Institutional set up, policy and
action planning for ICTs
application in DRR

=

Figure 4. Coordinated approaches required for ICT applications in disaster risk reduction (DRR).

Education, Training, Skill
Development, Awareness
and Motivation for ICTs use
and application in DRR

ICTs Infrastructural
Development for DRR

In conclusion, the present study highlighted that poor quality of life, poor social capital,
poor infrastructure, and poor communication with institutions are highlighted as the main
constraints and challenges in the effective application of ICT in flash flood management.
The findings from this study will contribute to the policy making for mitigating the flash
flood risk in the haor areas of Bangladesh. In comparison to previous research findings, this
study contributes new knowledge on ICT’s role in flash flood management in haor areas
of Bangladesh. However, the use of mobile phones is common for communication during
disasters. From the FGD and KII, it is evident that television, radio, and mobile phones can
be used as the best resource for early warning in flash flood management in Haor areas
of Bangladesh. Thus, ICT-based flash flood management should be implemented in Haor
areas of Bangladesh directly by the government and local administrations. The findings
can also be implemented in different regions across the globe for efficient flash flood risk
management by customizing based on local context. Further research should focus on the
performance evaluation for ICT-based flash flood risk management and the technological
development of locally customized and user-friendly early warning systems.
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