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Hailstorms in Northern Bangladesh:
Investigating Hazard Prioritization
by and Perceived Risks for Farmers

Md Lamiur Raihan, Corinthias P. M. Sianipar, Mrittika Basu,
Kenichiro Onitsuka, Tahmina Chumky, Md Nazirul Islam Sarker,
and Satoshi Hoshino

Abstract This study attempts to explore community-based prioritization and risk
analyses of natural hazards in Bangladesh. Case studies include two areas in the
Panchagarh sub-district, northern Bangladesh. Focus Group Discussions (FGDs)
were conducted with community members to conduct risk analyses for hazard prior-
itization and to assess their perceptions on the identification, shifting, and seasonal
variation of natural hazards. After that, semi-structured questionnaire surveys were
conducted with farmers living in the observed areas to triangulate findings of the
FGDs. Besides, climatological data and secondary damage data of natural hazards
to agriculture were analyzed. Next, the gathered data were analyzed by applying
the theory of risk analysis. At glance, GIS maps provided in this study showed
spatial distribution and temporal frequency of hailstorms throughout Bangladesh.
In terms of hazard prioritization, the results of analysis discovered hailstorm as the
most prioritized hazard surpassing droughts and flash floods. In fact, the perception
of farmers confirmed findings of the FGDs. Both historical data and the perspec-
tives of farmers as well as community revealed hailstorms as a significant hazard in
northern Bangladesh. It appeared that hailstorms have significantly decreased moti-
vation of farmers to continue farming, which would then affect their agricultural
production and eventually lead to an unsustainable agriculture. Looking at existing
literature, this study would be the first attempt to examine hailstorms as a major
threat. Rising vulnerabilities of the regions’ agricultural sector to hailstorms would
thus require urgent attentions from policymakers to manage the risks strategically
and sustainably.
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Introduction

Climate variability have been occurring throughout the world, challenging the ways
human lives alongside the nature. Among all nations, developing countries have been
acknowledged to experience severe impacts from the increasing trends in climate
variability (Kreft et al. 2013). Among others, extreme weather events (EWE) have
been recognized as a direct result of the climate change (IPCC 2012; Planton et al.
2008), in which their increasing frequency, intensity, and spatiotemporal extent have
beenposing severe threats to agricultural sector (IPCC2012;Cogato et al. 2019;Alam
et al. 2020). Practically, floods, heat waves, hailstorms, agricultural drought, thun-
derstorms, wildfires, and other EWE have been stated to present intense challenges
particularly for farmers and their rural communities in general (Cogato et al. 2019).
In fact, rapidly changing climatic conditions have often brought consequences in the
forms of recurrent natural disasters (Alam et al. 2018; Sarker et al. 2020a). Consid-
ering its severe impacts to human activities, EWE has consistently been posited as
the single primary cause of disasters where the extent of damage would often reach
beyond the level of imagination, making them as a global concern (UNISDR 2009).
Along with the persistent increases of global temperatures, numerous forms of EWE
have become critical for specific regions where they have not previously been of
great significance. Among known EWE, hailstorm has been known as a small-scale
weather event yet has huge potentials to deliver extensive damages to growing crops,
lives, and properties (Niall and Walsh 2005; Bal et al. 2014; Botzen et al. 2010). In
the literature, numerous research works have been conducted globally on the cause-
and-effects, adaptation strategies, and adaptive capacities of farming community in
conjunction with the damage levels of various natural hazards (Sarker et al. 2020).
However, a considerably few evidences are available for hailstorm-related issues
(Botzen et al. 2010; Raihan et al. 2020) due to inadequate understandings of its
potential effects on sustainable agriculture and risk reduction as well asmanagement.

Particularly, the vulnerability of developing countries to EWEhas been referred to
as the perpetrator of significant economic damages. In fact, those countries have been
suffering annual losses more than USD 35 billion from natural disasters, especially
EWE, over the past decade (Munich 2013). In the developing world, Bangladesh has
been recognized as being prone to natural disasters (Bushra et al. 2019), including
EWE. In the Global Index on Climate Risk, which is a list of the 170 most vulner-
able countries to climate change, Bangladesh is placed at the fifth position (Kreft
et al. 2013). Different types of rapid-onset disaster, including tropical cyclones,
flooding, storm surges, coastal erosions, droughts (Raihan et al. 2018), hailstorms,
and thunder/lightning storms, have been alternately occurring in the country. Due
to the high economic dependencies of Bangladesh on natural resources, particularly
rain-fed agriculture (Fao 2007), those disasters have been jeopardizing develop-
ment activities and causing significant losses of life and property (Dastagir 2015).
In fact, the occurrences of these hazards have been consistently increasing and
causing damages to varying degrees (Hossain and Deb 2011), depending on their
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locations in the country (Huq and Rabbani 2011). To some degrees, rural commu-
nities in Bangladesh have had proper community-level adaptive capacities, coping
mechanisms, and well-settled government policies against common disasters such as
cyclone, floods, droughts, etc. In particular, numerous studies have been conducted
in the coastal belt of Bangladesh, which is located in the southern part of the country
and known for its vulnerability to climate variability (Younus and Sharna 2014).
However, virtually no study has been attempting to investigate ongoing risks of
climate-induced EWE, including hailstorms, on crop production, livelihoods, and
agricultural sustainability in northern Bangladesh.

In Bangladesh, the Bangladesh Meteorological Department (BMD) has been
running 35 weather stations to record three-hour interval data on rainfall and thun-
derstorms both with and without hailstorms. Technically, hail pads have widely been
used as a measure for fallen hails in many parts of the world (Giaiotti et al. 2003).
However, there is no clear consensus on the diameter and kinetic energy of hail-
stones. Due to the unclear consensus to measure the severity and damage levels of
hailstorms, the Government of Bangladesh has not listed hailstorms as a prioritized
disaster in the National Disaster Plan (2016–2021). In fact, the planning document
only lists lightning as the most significant one among EWE in Bangladesh. Due to
numerous disasters that have been hitting the country every year, the Bangladesh
government has recently begun to highlight major disasters that have significant
impacts on country-wide regions and maintain potential threats in the future (Sarker
et al. 2020b). In other words, Bangladesh remains underexplored in terms of hail-
storms climatology, probability, damage level, manageability, and vulnerability to
the agricultural sector. There is also a significant lack of understandings on hazard
prioritization based on risk analysis of the natural hazards, including hailstorms, at
community level, which should hence be investigated for further considerations.

Due to the large number of thunderstorms and temperature variations, the occur-
rences of hailstorm in Bangladesh have shifted, resulting in an irregular pattern of
temporal trends (Saha and Quadir 2016a). Besides, the country has been experi-
encing various hazards in different seasons (Huq et al. 2017). Those hazards have
sometimes been interrupting each other in terms of severity and damage degrees,
making it increasingly difficult to establish the bases of risk priority and subsequent
mitigations (Islam and Managi 2018). In particular, northern Bangladesh has been
reported to be critically affected by droughts and flash floods almost every year.
As a consequence, the region has been experiencing severe impacts of the disas-
ters on its agricultural sector and other livelihood issues (Ahammed et al. 2018).
It is therefore critical to understand the comparative status of hailstorms among
frequently occurring natural hazards in the region. Based on a proposition that hail-
storm is an emerging hazard in the region, it would also be critical to understand how
hailstorms affect agricultural sustainability. In that context, this study aimed at exam-
ining the status of natural hazards in northern Bangladesh. Next, this study attempted
to analyze temporal and spatial distributions of hailstorms throughout Bangladesh.
Then, this study later attempted to analyze vulnerabilities and risks in collaboration
with local communities for the purposes of establishing strong bases for mitigation
and policymaking.
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Fig. 23.1 Location and elevation map of the study area (Raihan et al. 2020) Sources FGDs; base
digital elevation model (DEM) from Google Earth

Methodology

Study Area

Bangladesh is a small deltaic land in the South Asia region. It is the world’s eight-
most populous country, in which more than 31% of its population are living below
the poverty line (World Bank 2013). In northern part of Bangladesh, the Panchagarh
district1 (26°17’–26°29’ N 88°31’–88°46’ E) is situated on the riverbank of the
Karatoya River (Fig. 23.1). Due to its diversified weathers, cropping patterns, and
high cropping intensities (205%), the Panchagarh district has been considered as
a critical area for crop production in the country (Nirdeshika 2019). Population in
the district is largely dependent on agricultural sector. As a region in a disaster-
prone country, its strong reliance to agriculture implies enormous risks of natural
hazards to human activities every year (Panchagarh Upazila Nirdeshika 2019). This
study has been conducted in two unions2 (i.e., Haribhasa and Hafizabad), which are

1 A district (zila) is the sub-unit of a division inBangladesh, and acts as amiddle-level administrative
unit in Bangladesh.
2 A union council is the sub-unit of a rural upazila, and acts as the lowest administrative unit in
rural Bangladesh.
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located in Panchagarh upazila3 under the District of Panchagarh. Those two areas
weremanually chosen based on a series of consultations with related local authorities
(offices of agriculture and local governance) by considering the importance of crop
production and hazard profiles. In fact, different types of hazard have been occurring
in the two areas under observation. Figure 23.1 also represents land elevation map
of the areas.

Data Collection

FGD

The FGD is a rapid evaluation, semi-structured data collection approach in which
a selected set of participants meet to address issues and concerns based on a list of
main themes created by the researcher/facilitator (Kumar 1987). Four FGDs were
conducted in this study, in which each of them was held in Bhusipara, Jomidarpara,
Hafizabad, or Dhangipukuri village. There were 48 respondents (12 in each village)
from various community stakeholders were involved. Those respondents represented
male/female farmers, schoolteachers, local leaders, and several officials from the
offices of agricultural local governance. The FGDs were performed by utilizing an
FGD checklist and an in-depth participatory discussion. Focus groups were used to
collect data or information about the identification of various hazards in the study
areas, seasonal calendar of the hazards, hazard mapping and risk analysis.

Semi-Structured Questionnaire Survey

Primary data were collected from farmer households by using a structured interview,
while secondary datawere gathered fromgovernment reports and scientific articles.A
pre-test was done with 20 respondents for measuring reliability of the questionnaire.
There were 1925 farming households (population), by which the sample size for the
survey was 320 at 95% confidence level. Respondents were selected among those
listed by agriculture office of the upazila using a simple random sampling. A broad
range of variables related to farmers, their farms, and disaster-related perceptions,
were addressed in each interview. Those variables covered demographic information
of each respondent, farming-related data, and individual perception on any natural
hazards in the observed area. Perceptions of farmers regarding the frequency and
damage levels caused by different natural hazards that occurred in the last 10 years
were analyzed to prioritize the hazards and to triangulate results of FGDs.

3 An upazila (sub-districts) is the sub-unit of district, and acts as a low administrative unit in
Bangladesh. It is analogous to a borough/county in Western countries.
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Interviews with Key Informants

Several interviews with key informants were conducted for either confirming or
denying responses gathered through surveys and FGDs. Those key informants
included the officers from upazila-level agriculture office, livestock office, and
fisheries office, and lower-level agriculture office of concerned blocks in Panchagarh.

Data Analyses

Hazard Identification, Seasonal Variation, and Hazard Mapping

Natural hazards prevailing in the observed areas, including their seasonal variations,
were identified by FGD participants. Then, farmers and other FGD participants were
involved in further discussions to map occurrences of the identified hazards.

Empirical Approach (Theory of Risk Analysis) for Community Risk
Assessment of Hailstorm and Other Natural Hazards

The riskmatrix analysiswas done to assess the risks of different hazards. Participatory
Rural Appraisal (PRA) technique was followed to prepare the risk category. For risk
analysis, the data of probability and damage level of different hazards were collected
from the group discussions and validated with the upazila’s agriculture office. The
risk matrix analysis was the way of qualitative assessment of the risk (Yang and
Qiu 2005) (Sullivan-Wiley and Short Gianotti 2017). Sayers et al. (2002) referred
to risk as the occurrence probability of an event, which would be linked to potential
consequences. Besides, suggested risk as the product of an occurrence probability as
such, which would also include expected losses due to the vulnerability of an entity
against an event (Sayers et al. 2002). Meanwhile in the literature, risk perceptions
could be affected by two groups of potential factors. The first one included those
related to the nature of a risk, which include perceived occurrence probability, and
perceived damages of devastating impacts. So, risk is expressed as

R = p × L (23.1)

where
R = Risk
p = Probability of occurrence of an event or consequence
L = Loss or damage (value of consequence arising from an event).
However, the second group include factors related to cognition and psychology

of actors, which included their perceived ability to manage an incoming risk (van
Duinen et al. 2015; Sulewski and Kłoczko-Gajewska 2014).
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Farmers Perceived Risk of Hailstorm Compared to Other Natural
Hazards

Next, natural hazards were ranked according to their probability and severity levels.
Those levels were the consequences of the perceived risks of a natural hazard for
farmers. In the literature, the risk percentage (RP ) was used to rank the hazards
based on risks of respective hazards (Sullivan-Wiley and Short Gianotti 2017). First,
perceptions of farmers on the frequency and severity of different natural hazards
were analyzed to see the risk percentage of each hazard. The formula to accumulate
their perceptions is expressed as

ST =
N∑

i=1

SF (23.2)

where
ST = Total score
N = Number of respondents
SF = Scoring of perception for individual respondent (farmer).
The individual perception of each farmer (SF ) was rated in a 4-point scale (high

= 3; medium= 2; low= 1; not at all= 0). Because the sample size was 320 (N ), the
highest possible value of total score (Smax ) would hence be 960. An observed score
was divided by the expected score and multiplied by 100. Thus, the risk percentage
(RP ) was calculated as follows:

RP = ST
Smax

× 100 (23.3)

where
RP = Risk percentage
ST = Total score
Smax = Highest possible score.

Meteorological Data

Data for hailstorm frequencies and distributions were gathered from the Climate
Division, the Bangladesh Meteorological Department (BMD), by running 35 mete-
orological stations over the last 32 years (1987–2018). Daily hailstorm frequency
was referred to as the occurrence of hailstorms logged in a single day. Mean-
while, monthly hailstorm frequency was resulted by accumulating the daily data.
Then, annual hailstorm frequency was produced based on the time series of monthly
hailstorm frequencies logged by individual stations. After that, recorded logs from
35 weather stations in Bangladesh were translated into a map. To draw the map,
district boundary shape file was taken from the archives of the Bangladesh Water
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Resources Planning Organization (WARPO). On top of it, data on hailstorm frequen-
cies were encoded through GIS (Geographic Information System) analysis. Besides,
interpolations were conducted by applying an inverse distance weighting over the
station-wise data. Time series of hailstorms for the study area (averaged data from 3
closest weather stations, i.e., Rangpur, Dinajpur and Saidpur) were analyzed for their
trends by applying the least square technique (Saha and Quadir 2016b). After that,
Kolmogorov–Smirnov and Shapiro–Wilk tests were applied to calculate skewness
and kurtosis, and histogram and normal Q-Q frequency plots were observed. Then,
a normality test was performed to residuals of the linear model.

The data were analyzed by IBM SPSS Statistics package 25.0. Digital Elevation
Model (DEM) imageswere taken fromGoogleEarth. Then, the elevationmap, hazard
map, and land use map of the study areas, including field validations were conducted
along with community members. The maps were drawn in ArcGIS 10.7.1.

Result and Findings

Identification of Existing Hazards and Their Seasonal
Variation in the Study Area

Natural hazards prevailing in the observed areas were identified by FGD partici-
pants and secondary data from agriculture office of the upazila. The identification
resulted in a chart of seasonal variations of all hazards occurring in different years.
Figure 23.2 shows the occurrence time frame of each hazard. It appeared that flash
floods have been occurring in these areas almost every year or sometimes after 3–
5 years. However, each flood did not take a prolonged time because sandy soils could
absorb the floodingwater quickly. Besides, drought has been a common phenomenon
in these areas. Interestingly, they have been experiencing droughts in summer seasons
due to the scarcity of surface water in rivers. Sometimes, flash floods occurred just
after a monsoon season due to water flow from upstream in a neighboring country.

Furthermore, there were significant changes in the occurrences of various EWE,
including hailstorm and thunder/lightning storms. Previously, it was believed that
hailstorms primarily occurred in pre-monsoon season (March–May). Recently,
however, it has been occurring outside the assumed period. Hailstorms have been
appearing frequently in between November-February at least once. Undoubtedly,
the dry period of pre-monsoon season would still be the most vulnerable time when
strong hailstorms would expectedly cause severe losses to agricultural sector and
rural livelihood. On the other hand, different types of pest attacks usually occurred
in the dry period of pre-monsoon season due to high temperature and humidity,
which would then trigger rapid pest breeding cycles. Due to prolonged and uncon-
trolled used of the same pesticides, pests have gradually become resistance to those
pesticides, making pests a significant hazard in the study areas around the year.
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Fig. 23.2 Seasonal variation of environmental hazard in Panchagarh (2014–2019) Sources FGDs.
Note The threshold level of grey and white boxes is not concrete rather approximate time of
occurrence of the respective hazard

Natural Hazard Mapping of the Study Area

Mapping of natural hazards for the observed areas was prepared through FGDs.
Figure 23.3 shows distributions of different hazards in these areas. Looking at the
map, the Hafizabad union is physically side-by-side with the Karatoya river. Flash
floods have been occurring due to sudden water releases from the headwater after
rainy days. Sometimes it required prolonged rainy days, yet sometimes it merely
required a noticeably shorter time. Apparently, medium- high lands and lowlands
have seriously been affected. Besides, almost all high and medium–high lands have
been affected by droughts every year. In fact, hailstorms have been occurring every-
where and no crop land could avoid them. At times, river erosion occurs in monsoon
or post-monsoon periods. Then, insect pest has been quite common in the study
areas, by which almost all lands have been seriously affected.

Hazard Categorization, Risk Levels, and Existing
Mitigation/institutional Approaches

Descriptions of hazard risks were compiled based on secondary data and group
discussions. Present status of respective hazardswas assessedmainly based onFGDs,
literature review, and reviews on policy documents. Existing mitigation practices



452 M. L. Raihan et al.

Fig. 23.3 Hazard map of the study area. Sources FGDs; base digital elevation model (DEM) from
Google Earth

were enlisted for a better prediction for future responses. Table 23.1 shows the risk
profile, status, and existing mitigation measures for major natural hazards in the
observed areas.

While hailstorms might be recognized as an inevitable hazard across Bangladesh,
the ability of the government to address EWE, including hailstorms, is limited due
to resource and technical constraints. According to data by the Ministry of Disaster
Management and Relief (MoDRM) of Bangladesh, in fact, there is no current policy
that explicitly and directly address hailstorm-related issues, including compensation
programs for hailstorm-affected farmers.

Community Level Risk Assessment of Hailstorms and Other
Natural Hazards

Furthermore, natural hazards identified by farmers were assessed by applying a
matrix analysis to investigate the risks of respective hazards. Risks perceived by
FGD participants were validated with official data from the agricultural department
of their respective sub-district (upazila). Figure 23.4 provides the matrix analysis.
It was designed to compare impact (x-axis) and probability (y-axis) of an identified
natural hazard. The higher the impact and probability of a hazard, the higher the
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Table 23.1 Hazard categorization, risk level description, and existing mitigation approaches

Hazard Risk description Present status and existing
mitigations

Flash floods IF
flash floods occur similarly to
those in 1974, 1988, 1998,
2004, 2011, and 2017
THEN
± 50–55% of field crops and
vegetables may get damaged
and 3,000–5,000 houses maybe
inundated

Low monsoon rainfalls do not
produce regular floods. But due
to the geographical location and
upstream diversion of
headwater, flash floods occur
sometimes. Due to the
infrastructural development,
and soil properties of the study
area (sandy soil), water goes
down quickly. Government
supports the vulnerable people
in case of flood occurrence

Droughts IF
a drought occurs similarly to
those in 2015
THEN
± 45–50% of field crops may
get damaged

High temperature, and scarcity
of water have been causing
hydrological and agricultural
droughts every year. Farmers
can adopt a series of adaptation
strategies. Government supports
farming communities in case of
severe agricultural droughts

Hailstorms IF
hailstorms occur similarly to
those in 2011, 2014, 2015,
2017 and 2018
THEN
± 70–80% of field crops, fruits,
and vegetables may get
damaged

Significant growths of hailstorm
frequency, distribution, and
intensity. Government has no
explicit policy to compensate
farmers in case of catastrophic
hailstorms, hence reducing their
motivation to continue farming

Heavy rains IF
heavy rains occur similarly to
those in 2011 and 2012
THEN
± 20% of field crops may get
damaged

Heavy rains occur infrequently.
Government supports farmer
communities in case of
temporary clean-water
unavailability due to heavy rains

Cyclones and Nor’wester
winds

IF
a nor ‘wester wind occurs
similarly to those in 2012 and
2013
THEN
± 10–15% of field crops may
get damaged and straw-made
houses may get destroyed

Cyclone occurs rarely but
nor’wester winds have become
common in dry seasons.
Government supports farmer
communities in case of cyclone
occurrence

Thunder and lightning
storms

Occurs almost every year,
damaging ± 25–40% of crops.
Peoples live worrying of
lightning occurrences in dry
seasons

Increasing gradually.
Government is trying to
improve forecasting
technologies and minimize the
risks of human fatalities due to
lightning storms

(continued)
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Table 23.1 (continued)

Hazard Risk description Present status and existing
mitigations

Pest attacks Occurs every year, damaging
almost 10% of vegetables,
crops, and fruits. Pests are
gradually becoming resistant to
pesticides

Increasing temperature causes
more pest attacks. Government
sometimes supports farmer
communities by providing
seeds, fertilizers, and other
logistic aids

Sources FGDs and secondary data

Fig. 23.4 Risk matrix of all hazards in the study area

risk involved. Looking at Fig. 23.4, hailstorm was assessed as the riskiest hazard,
which was followed by thunderstorm. Besides, flash floods and hydrological as well
as agricultural droughts were also revealed as high-risk hazards. Next, high temper-
atures, pest attack, lightning storm, cyclone, and earthquake were assessed as having
medium risks. In fact, several FGD participants stated the occurrences of shorter
winter periods but with lower temperatures. In winter seasons, cold waves and thick
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fogs occurring in northern Bangladesh would be expected to far differ to the rest of
the country due to its closer proximity to the Himalayan mountains.

Prioritization of the Hazards Based on Perceived Risks
for Farmers

The hazards reported were prioritized by the respondents based on the perceptions of
the occurrence of different hazards and their level of severity. Looking at Fig. 23.4,
risk assessment at community level revealed that hailstorm has the highest proba-
bility and impact, making it the most important hazard in the observed areas. Mean-
while, Fig. 23.5 discovered that virtually all farmers (~99%) in these areas perceived
hailstorms as having the greatest risk increase in the last 10 years, and currently
having the highest perceived risks. Besides, drought came in the second position,
confirming findings from FGDs. It hence suggested that water shortage and rising
temperature have been significantly impacting crops production. Furthermore, flash
flood, which has been severely damaging field crops and everyday life in monsoon
seasons, was rated the thirdmost significant hazard in the study area, but its perceived
risks have decreased in the last 10 years. Next, pest attacks, which have been causing
moderate crop damages every year, have the least perceived risks despite having
resulted in severe economic losses. Then, perceived risks of thunder/lightning storms
have risen insignificantly. Without hails, in fact, thunderstorms deliver less impacts,
hence significantly do less harms to crops.

Fig. 23.5 Perceived risks of natural hazards
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Frequency and Distribution of Hailstorms in Bangladesh

In previous sections, our study has discovered hailstorms as being themost significant
(prioritized) hazard in terms of their damage and probability against vulnerability of
the observed areas. Thus, there would be a need to illustrate critical importance of
managing the perceived risks of hailstorms in northern Bangladesh. In that sense, a
temporal distribution of hailstorm occurrences in the study areas and spatial distri-
butions across Bangladesh would be useful as an information source for the author-
ities. Figure 23.6 presents a time series plot and linear regressions (pvalue < 0.05)
of annual hailstorm frequency in the study areas. Meanwhile, Fig. 23.7 illustrates
spatial distributions of hailstorm frequency throughout thewhole country. Looking at
the Fig. 23.6, there has been a long-term increase of hailstorm frequency (0.10/year)
for last 32 years. An interim decrease occurred in between 1998–2012 (0.32/year),
which was continued by a steep increase in between 2012–2018 (0.84/year).

Figure 23.6 shows an obvious grow of hailstorm occurrences in the study areas.
Meanwhile, Fig. 23.7 indicatesRangpur as themost affected area,which is in northern
Bangladesh. In other words, it is located in the larger region wherein this study was
conducted. In fact, Rangpur has been widely recognized as the most important crop
cultivation area in Bangladesh. On the other hand, Saidpur, wherein the two areas
being observed are located, has the highest occurrences of hailstorms (126 times).
To some extent, it would also indicate how hailstorms gain highest perceived risks
in the observed areas. Furthermore, other locations with significant occurrences of
hailstorms (e.g., Rangpur and Dinajpur) are also in northern Bangladesh. In other
words, the spatial map delivers a straightforward portrayal of hailstorm frequency
and distribution across the country in general. Interestingly, Fig. 23.7 reveals that
some minor parts of the Chattogram Division, which is in southeastern Bangladesh,
have been critically affected by hailstorms. Particularly, Hatia, which is an island
in the division and one of the country’s largest island, has been holding the second
position after the study areas in terms of hailstorms frequency.

Fig. 23.6 Hailstorm frequency in the study area (1987–2018)
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Fig. 23.7 Spatial map of hailstorm frequency in Bangladesh (1987–2018)
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Discussion

Asmentioned in the introduction, this study attempted to focus on two research objec-
tives, i.e., the prioritization status and climatological analysis of hailstorms. Looking
at the literature, numerous scholars have conducted various research works focusing
on current and known natural hazards and their impact assessment in Bangladesh.
In terms of the climatology and perceived risks of hailstorms, however, this research
revealed that hailstorms in northern Bangladesh have been consistently becoming
the riskiest hazard in the region.

In comparison to the literature, several studies have attempted to focus on the
climatology of thunderstorms and its effect in Bangladesh, while, in fact, there was
virtually no study that was specific conducted to produce a comprehensive analysis
on the intensity, frequency, and distribution of hailstorms in the country. Among
others, several studies were focused on the frequency and distribution of thunder-
storms in Bangladesh. As a direct comparison, for example, (Yamane et al. 2010)
have attempted to study the climatology of severely-damaging thunderstorms in
Bangladesh. Their study, however, did not cover issues related to hailstorms, while
our studydid.Meanwhile,Habib (2012) has discovered three types of natural hazards,
i.e., Type 1 (thunderstorms, hailstorms), Type 2 (floods, riverbank erosion, droughts),
and Type 3 (tsunamis, cyclones) (Habib and Ahmed 2012). For risk analysis at
community level, Hossain and Roy (2013) have examined hailstorms and put it at
the fifth rank in hazard prioritization (Hossain 2013), while our study revealed hail-
storms as the first-ranked hazard. The considerably rising occurrences of hailstorms
in northern Bangladesh, especially in areas under investigation, could be assumed to
take place due to the geographical positions of these areas adjacent to the Himalayan
mountains. It might therefore relate to the findings of Dale et al. (2001). Further-
more, other studies on thunderstorms have been conducted in India, Bangladesh,
etc. (Karmakar and Alam 2011). Basically, these studies attempted to link to the
climatology, formulation, structure, and instability of the troposphere in conjunction
with analyzing water vapor of the troposphere for thunderstorm forecasting. In other
words, no study in the literature has attempted to focus explicitly on hailstorms.
Their reasons might include the lack of or outdated data, and the perceived risk of
hailstorms as a minor hazard. In general, there have been long known obstacles to
understand hailstorms in Bangladesh. As a matter of facts, the country’s national
meteorology department (BMD) has been experiencing a lack of comprehensive
climatological data on hailstorms. Roughly speaking, data as such could be stated as
the most important source of information to understand hailstorms, making a clima-
tology study on the hazard in Bangladesh to fall far behind those in other countries.
As an effort to support further studies on hailstorm in Bangladesh, the spatial map of
hailstorm occurrences throughout the country was assessed in this study. Based on
the spatial assessment, this study successfully discovered the most critical regions
in Bangladesh based on hailstorm frequency and distribution. Besides, data gathered
from the survey revealed devastating occurrences of single hailstorm in the observed
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areas during pre-monsoon season, while repeated occurrences of hailstorms in a
single year have also been discovered to variably occur.

In terms of hazard prioritization and perceived risks of hailstorms, this study also
offered several advanced findings compared to existing literature. Islam et al. (2013),
for example, has attempted to conduct computational prioritization of natural hazards
in Matlab upazila of Bangladesh. They found floods as the most significant hazard
in the study area, while hailstorm was posited at the fourth place in the prioritiza-
tion (Islam et al. 2013). However, our study found hailstorms as the most prioritized
hazard particularly in the observed areas in northern Bangladesh. Besides, this study
found a consistent loss of motivation in farming among farmers. Their weakened
motivation was due to an increasing pattern of hailstorm occurrences in their areas,
which has been causing significant damages to their crops, vegetables, and fruit
orchards. In fact, it appeared that the lack of explicit compensation policy imposed
by the government after a catastrophic hailstormwas also added as a strong precedent
of the weakened motivation. A phenomenon as such would expectedly be a signifi-
cant threat to the sustainability of agriculture in northern Bangladesh. Furthermore,
Ahsan and Brandt (2015) conducted a study on perceived risks of climate change. In
their study, cyclone was stated as a strong contributor to significant crop production
losses, by which 75% of farmers claimed they would be forced to abandon farming if
cyclones occur regularly (Ahsan andBrandt 2015). In northernBangladesh, however,
our study found that virtually all farmers viewed hailstorms as posing the strongest
threat to their farming activities. As consequences, they might eventually lose their
inspiration to continue farming and choose non-farming activities as their mitigation
strategy. The finding as such in two areas under observation would hence be expected
to deliver an enormously persistent threat to their efforts in achieving a sustainable
agriculture. Technically speaking, our survey data on the perceived risk of hailstorms
by farmers suggested gradual increases of the intensity, hail size, and kinetic energy
of hailstorms, which then caused severe damages to the study areas. Primary data
on the perceived risk of hailstorm in country-wide areas, however, have not been
officially gathered by the authority, causing major difficulties for follow up research
works in the future. This study might hence claim to deliver first availability of the
data in the country.

Conclusion and Implications

Asoneof themost climate changevulnerable countries,Bangladesh is facing itsworst
challenge of increasing risks of extreme weather events. In northern Bangladesh,
consistent increases of temperatures year by year, prevalent flash floods, and various
forms of droughts have been stated to cause serious impacts to the region’s agricul-
tural sector in the past. Recent situations in the region, however, have been shifting.
Current gaps in hailstorms-related literature particularly for northern Bangladesh and
the whole country in general have made this study timely and incredibly important.
In recent years, the frequency and distribution of hailstorms have substantially been
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increasing in northern Bangladesh. Taking two areas in the region as case studies,
this study found the region as a hailstorm-prone area. In fact, the frequency and
distribution of hailstorms were found to grow alongside their damage level due to
larger sized hails stones in conjunction with a longer duration for each occurrence.
As an expected consequence, the rising strength and prevalence of hailstorm have
brought strong perceived risks of the hazard by farmers. Looking at the results of
both climatological analysis and questionnaire surveys, hailstorms has been found
to be the most significantly affecting hazard to the areas under investigation, making
local farmers to enormously be concerned. Considering their damage levels and
most importantly threats to the sustainability of agriculture in the observed areas,
hailstorms could therefore be stated as the riskiest hazard in northern Bangladesh.

To mitigate, manage, and eventually reduce risks of the hazard, immediate atten-
tions should be delivered through a strategicmanagement. Practically, technical assis-
tance should be provided to farmers in deciding appropriate crop varieties, suitable
cropping patterns, and proper management practices. Currently, there is a clear lack
of applicable policies that can comprehensively reduce the riskswhile also attempting
to cope with economic impacts of hailstorms through compensation programs for
farmers. In terms of replicability, the future studies can refer to the approach of this
study. Required information may include the data on objective risk factors such as
probability and damage level of hazards including the policy influences and mitiga-
tion measures for the particular natural hazard. However, the result may differ due
to the perception-based approach this study is using. If there are enough number of
cases, there is a strong possibility to do a comparative study (cross-region, cross coun-
tries, etc.). Also, there is another possibility to implement a similar approach in other
sectors for example, business and natural disaster risk reduction and management.
One apparent limitation of this study is on our strong focus on a particular hazard
and a specific region of Bangladesh, implying the outcome of this study to rather be
localized and disaster-specific than generalized for a country-wide understanding.
In further studies, therefore, policies should consider matched pairs of locations and
significance of each hazard.
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