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Abstract: This study investigates the recent changes in natural hazard prioritizations in northern
Bangladesh and presents community-based risk analyses of the various natural hazards that present
threats to sustainable agriculture. The study area in northern Bangladesh included two union council
areas under the Panchagarh sub-district. Climatological data analysis, a detailed questionnaire
survey, and focus group discussions were conducted to assess farmers’ perceptions regarding the
shifting and identification of hazards, their seasonal variation, and hazard prioritizations. The SMUG
(seriousness, manageability, urgency, and growth) and FEMA (Federal Emergency Management
Agency) models were applied for hazard prioritization. Hailstorms were found to be the most
prioritized hazard over droughts and flash floods as perceived by the community. The farmers’
perceptions as evaluated through a questionnaire survey also support the findings of the SMUG
and FEMA models. This was the first attempt to analyze the potential of hailstorms as a significant
hazard in Bangladesh, and GIS maps showed their spatial distribution and temporal frequency across
Bangladesh. This newly identified hazard is significantly diminishing farmers’ motivation to continue
farming and has the potential to affect sustainable agriculture. The farmers’ perceptions, historical
data analysis, use of the two models, institutional approach, hazard risk assessment, and vulnerability
to the major sectors show that hailstorms should be considered as an important hazard in northern
Bangladesh, and policymakers should pay urgent attention to minimize the threat to sustainable
agriculture in northern Bangladesh.

Keywords: sustainable agriculture; hailstorm; hazard prioritization; climate change; extreme weather
events; Bangladesh; SMUG; FEMA

1. Introduction

Climate change and environmental degradation are two of the most urgent matters facing
humanity. Evidence from various studies suggests that climate-related events that are caused by
meteorological changes are increasing in frequency on a global scale [1]. Our global society perceives
great danger [2]. Extreme weather events such as hailstorms, thunderstorms, and lightning are on the
increase [3], with impacts that are increasingly visible and detrimental to human survival to varying
degrees [4]. Developing countries are vulnerable to extreme weather events arising from climatic
variability, and these events cause substantial economic damage. With rising global temperatures,
different types of natural hazards have become more significant in regions where previously they had
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not. Frequent natural disasters are also the result of rapidly changing climatic conditions [5]. Over the
past decade, developing countries have annually faced USD 35 billion in losses from natural disasters
and particularly extreme weather events [6]. However, extreme weather events are recognized to
be one of the prime causes of natural disasters where the devastation level is sometimes beyond
imagining [7].

Much research has been internationally conducted on climate change-induced extreme weather
events, their climatology, and the adaptive capacities of communities or regions. Most of this
research reveals the causes and effects, and the climatology of these extreme weather events.
There are several existing studies related to hailstorms and their occurrence with thunderstorms
and precipitation, yet most concern the impact of hailstorms and insurance loss. Web et al. (2001)
studied hailstorms climatology [8], and Sioutous et al. (2009) studied the impact of hailstorms on
agriculture, property, and infrastructure [4]. Hailstorms are small-scale phenomena in which rain in
the form of irregular ice balls are produced by convective clouds [8]. Yet despite their small-scale,
they are among the major weather threats that result in large economic losses to agriculture, property,
and infrastructure [4]. Climatological studies in China have included analyses of average patterns of
hail using spatial and temporal scales [9] and an investigation of hail insurance records and hailpad
data [10]. There is insufficient understanding regarding the future potential impacts of hailstorms on
sustainable agriculture and the ways to minimize losses from the storms.

Bangladesh is one of the most natural disaster-prone countries in the world [11]. Nearly every year,
it is affected by floods, tropical cyclones, storm surges, coastal erosion, thunderstorms, and droughts
that cause significant loss of life and property, and jeopardize development activities [12]. The frequency
of occurrence of these disasters are increasing because of the impact of climate change [13]. The degree
of natural disaster damage depends on country location [14]. Bangladesh is ranked fifth in the Global
Climate Risk Index in a ranking of 170 countries that are most vulnerable to climate change [15].
The least developed countries like Bangladesh are going through their most vital challenges associated
with climate change and variability owing to their robust economic reliance on natural resources and
rain-fed agriculture [16]. The intensification of climate change and the proliferation of extreme events
are resulting in major, detrimental impacts on Bangladesh’s agricultural sector outweighing impacts on
its other economic sectors [17]. Communities have developed coping mechanisms for more common
disasters such as floods, droughts, and cyclones, and there are well-established government policies
for support. There has been a lot of research in the coastal belt of southern Bangladesh, which is very
vulnerable to climate change [18], but only a few studies have been conducted in northern Bangladesh
to investigate the impact of climate change induced extreme weather events, such as hailstorms,
on crop production, livelihood, and sustainable agriculture. Whether hailstorms are accompanied
by thunderstorms or not, they can cause significant damage to agriculture and render the marginal
farmers of developing countries temporarily vulnerable to poverty [19]. The impacts of these events
also generate a period of food insecurity that sometimes continues throughout the year [20].

Hailpads are used in many parts of the world to measure hail fall on the ground [21], but as they
are not used in Bangladesh, there are no specific data on the diameter of hailstones and kinetic energy
of storms. The Bangladesh Meteorological Department (BMD) keeps data on three-hour intervals
of rainfall and thunderstorms with or without hailstorms from its 35 weather stations. Moreover,
the government’s National Disaster Plan (2016–2021) does not classify hailstorms as disasters; rather,
only lightning is considered as significant among all extreme weather events. Due to the several
disasters that hit the country every year, the government attempts to address disasters that have
impacts over larger areas and are potential threats [22]. The capacity to address extreme weather events
such as hailstorms is restricted because of technical and resource limitations. Based on the data from the
Bangladesh Ministry of Disaster Management and Relief (MoDRM), there are no policies that address
hailstorm issues such as compensation to farmers or victims [23]; in fact, hailstorms are recognized
as temporal hazards based on their severity and distribution over the country. Their climatology,
probability, threat, manageability, and severity impact the vulnerability of the sustainable agricultural
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sector, property, human health, and rural livelihoods, but these factors still remain unexplored. There is
a significant lack of research regarding the place of communities in identifying and prioritizing different
hazards. Hailstorms are generally regarded as usual hazards in Bangladesh, but their status and
prioritization levels should be analyzed for further consideration. Hailstorms occur every year in
Bangladesh, and the most destructive one occurred on April 14, 1986, killing at least 92 people in
Gopalganj [21], and damaging thousands of hectares of croplands.

Recently, farmers’ conceptions of hailstorm occurrence have changed due to the larger number of
thunderstorms, and the storms do not seem to follow any regular temporal pattern [24]. As there are
different hazards in different seasons [25], and these sometimes overlap each other with respect to
severity and damage levels, it is sometimes difficult to discern how to prioritize and mitigate them [26].
Northern Bangladesh is seriously affected by droughts and flash floods almost every year, and these
result in a series of impacts on agriculture and livelihood issues [27]. With hailstorms recognized as a
more serious hazard in the region, it is important to know how they rank among the other frequently
occurring hazards and how they affect sustainable agriculture. Numerous environmental disasters
could result in farmers who cannot cope financially and lose motivation for crop production. They may
quit agriculture if there is a high possibility of recurring hazards and compensation and incentives
from government authorities are not made available. Where there is a greater hazard probability, it is
more likely that farmers will quit farming, so it is important to look at the sustainability of agriculture.
The lack of data on hailstorms in Bangladesh means this study is timely and significant. This study
attempts to analyze both the current status of natural hazards with a focus on hailstorms, along with
the vulnerability and risks to the community in order to help to formulate mitigation measures and
improve policymaking. In addition, the study investigates the status of hailstorms in terms of their
spatial and temporal distribution around the country.

2. Methodology

2.1. Study Area

Bangladesh is a densely populated country of 159 million people distributed across a 147,570 square
kilometer area [28]. Panchagarh District, lying between 26◦17′ and 26◦29′ north latitudes and 88◦31′

and 88◦46′ east longitudes, is located on the banks of the Kartoya River in the northern part of
Bangladesh (Figure 1). The total population of Panchagarh is 1.21 million, with 51% males and 49%
females distributed across five ‘upazilas’, which are sub-districts (administrative regions) [29]. Upazilas
have a function analogous to that of a county or a borough of Western countries. Rural upazilas
are again divided into union council areas administratively (Union Parishads: UP), the smallest
administrative unit. UP’s are comprised of wards and villages. The overall literacy rate of the district
is 71%. It is a crucial region for crop production due to its diversified weather, cropping pattern,
and higher cropping intensity (205%) [30]. The people mostly depend on agriculture and face different
hazard risks year-round [30]. The study was conducted in two union council areas, Haribhasa and
Hafizabad in Panchagarh upazila under the Panchagarh district. These two unions were selected
based on the discussions with the local agricultural department and resource personnel considering
the importance of crop production and hazard profile. Four villages under those two unions were
randomly chosen as study units. Different types of hazards are common in the study area. According to
the official data of the agricultural department, it was revealed that the most devastating flash floods
occurred in 1974, 1988, 1998, 2005, and 2017, where 75–80% of all types of croplands were damaged,
and 3000–5000 homes were inundated. During these disasters, pure drinking water was scarce and
sanitation facilities were overwhelmed, resulting in some fatal outbreaks of disease. It is assumed that
if there are more flash floods, similar problems on the same scale of severity would reoccur. Every year,
severe droughts occur in the study area, that result in 30–40% of crop loss due to the scarcity of surface
water and irrigation facilities [31]. Almost every year, about 10–15% of crop damage occurs due to
heavy rain and temporal water-logged conditions. Hailstorms occur every year, and about 70–80% of
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crops are totally damaged, and 55–65% of homestead roofs are damaged. In 2018, several people were
seriously injured by the direct impact of hailstones [30]. Nor‘westers (local thunderstorms and heavy
rainfall) are common in the study area. Pest attacks are also a potential threat to agriculture and cause
5–10% of annual crop loss.
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2.2. Data Collection and Analysis

Both quantitative and qualitative data were collected through a structured questionnaire survey
and focus group discussions (FGD).

2.2.1. FGD

In order to prioritize the local hazards, FGDs were organized around a series of open-ended
questions, a checklist, and an in-depth participatory discussion pertaining to the research objectives
based on the SMUG (seriousness, manageability, urgency, and growth) and the FEMA (Federal
Emergency Management Agency) model parameters. A total of four FGDs were conducted in
Bhusipara, Jomidarpara, Hafizabad, and Dhangipukuri villages (Figure 1), where 48 respondents
(12 from each village) were selected from different stakeholder groups: Male and female farmers, school
teachers, disaster management officials, local leaders, and agricultural and local government officials.
Before conducting the FGDs, the first step was to review hazard reports and existing mitigation plans
for the area. Holding discussions with the local people and key informants who had significant
knowledge or experience of those hazards was vital for the accurate assessment of the risk [32].

Application of SMUG and FEMA Models Approach

Application of SMUG and FEMA models are reported to be suitable for prioritizing different
types of natural hazards for mitigation measures [33]. SMUG is a qualitative evaluation technique,
whereas FEMA is a quantitative evaluation technique. The SMUG model is not good for offering
solutions to hazards and instead acts as a methodological tool to offer an easy evaluation of specific
hazards and, most importantly, prioritizes them [34]. Several researchers have used the SMUG and
FEMA models for hazard prioritization, such as Malak et al. (2013) [33], and mitigation and emergency
management in different sectors [35]. Wang and Myung (2007) also implemented the SMUG and
FEMA models integration for disaster prioritization [36]. Crofts (2006) used the SMUG and FEMA
models for hazard prioritization and sought to find the strengths and weaknesses of the models [37].
Agrawal (2018) conducted research on disaster prioritization and management tools and methods
when implementing the SMUG and FEMA models.

The SMUG model has four indicators and was adopted by the Tasmania State Emergency
Service [38]. The characteristics of the SMUG model are given below (Table 1). The FEMA model
uses four criteria to evaluate and score hazards based on their history, vulnerability, maximum threat,
and probability [39]. The FEMA model can provide more satisfying evaluation than the SMUG model
if there are sufficient numerical data regarding the hazards, as it numerically evaluates each hazard
individually [40]. In the FEMA model, history refers to a specific type of emergency that has occurred
and where it is acquainted that there were enough hazardous conditions and vulnerabilities to cause
the event [41]. Vulnerability measures the number of people and the value of the property that may
be vulnerable based on specific factors [33]. In this research, communities’ vulnerability to farming
and crop production due to disasters were the main factors taken into consideration. The maximum
threat is basically the worst situation, which assumes the most serious event possible alongside the
greatest impact. It is revealed in terms of casualties of human life, property loss, and damage levels to
crops from a specified disaster [33], but in this study, the maximum threat is characterized as the threat
to sustainable agriculture as farmers are discouraged from continuing to farm. The characteristic of
maximum threat has been added in order to prioritize the hazards objectively based on the literature,
and hazard profiles and characteristics, as well as for government support in the study area. Probability
is characterized as the possibility of an event occurring and is expressed in phrases of chances per
year that an event of a particular intensity or even greater will occur. There are some links between
probability and history; however, given that some hazards are barring precedent, an analysis of
the historical record is necessary in order to discern which hazards have a higher probability of
occurring [40]. Table 1 shows the scoring system based on hazards and their vulnerability in the states
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of Panchagarh, Bangladesh. An overall score (low, medium, and high) is calculated for each category
shown. These categories are weighed in accordance to their responses simply by assigning low as
1 point, medium as 5 points, and high as 10 points, and weighing the totals by multiplying the history
rating by 2, vulnerability by 5, maximum threat by 10, and probability by 7 [42]. Therefore, adding the
sub-scores will produce an overall score for each hazard. The data used in the model was acquired
from key informants in the study area. The weighting for all four parameters was assigned by the
original author [43].

Table 1. Criteria-based characterization, scoring method, and rating of vulnerability to natural hazards
in the study area by the integration of the SMUG (seriousness, manageability, urgency, and growth)
and modified FEMA (Federal Emergency Management Agency) models.

SMUG High (Score 10) Medium (Score 5) Low (Score 1)

Seriousness
More than 30% of damage to
crop production and to
people and property

5–30% of damage to crop
production and to people
and property

Less than 5% of damage to crop
production and to people
and property

Manageability

Management capacity is
good in the mitigation,
readiness, response, and
recovery sectors

Management capacity is
good in at least two sectors

Management capacity is not
good in any of the sectors

Urgency Something should be done
immediately

Something should be
done soon

Urgency and action can
be deferred

Growth

The probability of an event
occurring and an increase in
the exposure of the
community at a high rate

The probability of an event
occurring and an increase in
the exposure of the
community at a medium rate

The probability of an event
occurring and an increase in the
exposure of the community at a
low rate

FEMA High Medium Low

History Once a year Once every 2–5 years Once every 10 years

Vulnerability
More than 30% of crop
production, people, and
property is vulnerable

5–30% of crop production,
people, and property is
vulnerable

Less than 5% of crop production,
people, and property is
vulnerable

Maximum
threat

More than 30% of farmers
will quit agriculture if the
hazard continues, and there
is no government
compensation or incentive

Around 5–30% of farmers
will quit agriculture if the
hazard continues, and there
is no government
compensation or incentive

Less than 5% of farmers will quit
agriculture if the hazard
continues, and there is no
government compensation
or incentive

Probability Once a year Once every two years Once every three years or more

Note: The evaluation criteria were modified in accordance to the hazard frequency and damage level in Bangladesh.

The FEMA model calculates a threshold of 100 points [40]. The hazards that score more than
100 points may receive higher priority in mitigation and emergency preparedness (see Table 1),
while those scoring less than 100 points should still be considered despite their lower priority [40].

Several researchers have used the SMUG and FEMA models; however, these models present
certain challenges, strengths, and limitations. For instance, sometimes a lack of sufficient quantitative
data when comparing hazards makes accurate assessment difficult [32]. An advantage of assessing
hazards in the FEMA model is that it allows a clear view of which hazards are rated at which level,
and it allows easy identification of which hazards take priority concerning mitigation [37]. The main
drawback of the FEMA model is that the results table is very basic and lacks hazard detail. Moreover,
the FEMA model is slightly harder to implement when prioritizing tasks that need to be carried out to
reduce hazards risk. The SMUG assessment, however, rectifies this as the basis of its methodology
is to record details. However, it is not as easy to comprehend, as its matrix contains a great deal of
information. Moreover, the FEMA assessment fails to properly address the assessment of the social
consequences of hazards, whereas SMUG successfully addresses these aspects [37].



Sustainability 2020, 12, 5011 7 of 18

2.2.2. Questionnaire Survey

Different hazards in the study area were identified by the farmers through a questionnaire survey
and group discussions. Out of a total of 1925 farming households (population) in the study area,
a sample size of 320 households were included in the survey, as calculated by a survey system calculator,
where the confidence level was 95% (https://surveysystem.com/sscalc.htm). The group discussions and
questionnaire survey were conducted in April–May 2019. The respondents were selected using simple
random sampling from the list supplied by the upazila’s agriculture office. The hazards were further
ranked based on their frequency, intensity, and severity level according to the farmers’ perceptions.
A Likert scale was used for scaling responses to questions concerning farmers’ perceptions. Different
hazards’ scores were calculated on a 4-point rating scale (high = 3, medium = 2, low = 1, and not
at all = 0) and the total number of farmers who responded in different categories were measured as
a percentage and shown as a graphical representation [44]. The questionnaire included two main
questions: Farmers’ perceptions regarding the different hazard risks (in terms of probability and
damage level) and the incentives or any other supports received from the agriculture department
and/or government and non-government organizations after each occurrence. Farmers were asked
whether they received any support and, if so, then what incentive, such as seed, fertilizer, other input
materials for farming, and monetary support or food items were received. The farmers’ perceptions
regarding risk of hailstorms, as well as all other hazards at present considering the past decade before
participation in the study were analyzed. The hazards were prioritized and triangulated with the
results found from the FGDs (SMUG and FEMA model results).

2.2.3. Meteorological Data

Over the last 32 years (1987–2018), data on hailstorm frequency and distributions have been
collected at the Climate Division at the Bangladesh Meteorological Department (BMD) from
35 meteorological stations. The locations of the weather stations are shown in Figure 2. Hailstorms
events are recorded in each station eight times a day at 3 h intervals, which is the World Meteorological
Organization (WMO) standard. The number of hailstorms recorded in one day is the daily hailstorm
frequency. The monthly frequency of hailstorms can be estimated from the daily data. The annual time
series of hailstorm frequency has been counted from the monthly time series data of hailstorms for the
individual stations. The 35 weather stations in Bangladesh were used as the 35 interpolation points in
the map that we prepared (Figure 2). Geographic information system (GIS) was applied to encode the
hailstorm data based on a district boundary shapefile collected from the Bangladesh Water Resources
Planning Organization (WARPO), and the interpolations were conducted based on the data from each
station. The time series plot shows the annual data overlaid with the 5-year moving average; the latter
efficiently smooths the time series by filtering the high frequency modes. The trend analysis of the time
series of hailstorms was performed using the least square technique [24]. The normality tests of the
residuals of the linear model were conducted calculating skewness and kurtosis, Kolmogorov–Smirnov
and Shapiro–Wilk tests, observation of histogram and normal Q-Q plot of frequency of hailstorms.

https://surveysystem.com/sscalc.htm
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3. Results

3.1. Hazard Prioritization by FGDs Using SMUG and FEMA Models

In this study, the most common hazards causing damage in Panchagarh and their potential
impacts were analyzed along with the application of the SMUG and FEMA models for prioritizations.
Table 2 describes the broad scenarios of hazardous conditions and their risk status. It also shows the
seriousness of hazards, the manageability of individuals and their communities, hazard mitigation
urgency, and hazards’ growth. According to Table 2, a low vulnerability is scored as 1 point, medium
vulnerability is 5 points, and a high vulnerability is 10 points, as determined by the SMUG model’s
analysis. According to the hazard analysis criteria presented, hailstorms have maximum points
when considering their high score for the seriousness of this hazard. The manageability was zero or
unknown; therefore, the score was low, and urgency and growth also received the maximum score,
thereby indicating that this hazard should be taken into immediate consideration. It was found from
discussions that the community has limited to almost no adaptive capacity regarding a hailstorm’s
impact. Because of the national policy, the local government’s agricultural department does not
compensate or provide any specific incentive to the farmers to cope with their losses. On the other
hand, the manageability for flash floods and droughts lies in their medium position. Hailstorms
received a high urgency score, indicating that necessary actions and strategies should immediately
be adopted and/or implemented to minimize the consequences or compensate the farmers via crop
insurance or providing any other incentives. This is because the farmers do not receive any incentives
after hailstorms similar to those that they receive in some degree following other hazards such as flash
flooding and drought. Based on the higher urgency of a hailstorm and the medium attention required
for drought with respect to their growth, both hailstorms and droughts were more often reported.
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Table 2. Hazard analysis and characterization by the SMUG model.

Hazard
Seriousness Manageability Urgency Growth

Description S Description S Description S Description S

Flash flood

If flooding like that in 1974, 1988,
1998, 2004, 2011, and 2017 takes

place, then 50–55% of crops may be
damaged and 3000–5000 houses

maybe inundated

M

Cultivation in high land
areas and properties can

be protected by
reconstructing houses,

roads, and infrastructure

M

Moderate
consequences should
be addressed during
the monsoon period

M
It is decreasing gradually

every year, but has a
significant impact

L

Drought
If a drought like that in 2015 takes
place, then about 45–50% of crops

may be damaged
M

Depends on irrigation
facility, surface water

availability, and
deep-water harvesting

capacity

M Extremely urgent in
the dry season M

If the cost of deep-water
irrigation increases, power

supply interrupts and surface
water will decrease in the

present trend beyond control

H

Hailstorm

If a hailstorm like that in 2011,
2014, 2015, 2017, and 2018 takes

place, then about 70–80% of crops
may be damaged

H

Unknown solution and
almost zero

manageability. Depends
on crop variety, cropping

season, and life cycle

L Very high H
Very high, almost every year,

and depends on global
climate change

H

Heavy rain
If heavy rain like that in 2011 and
2012 takes place, then 20% of crops

may be damaged
L

Preserving seeds in dry
places and early crop

harvesting
M Low L Not a big issue presently L

Cyclone and
nor ‘wester

If a nor‘wester like that in 2012 and
2013 takes place, then 10–15% of

crops may be damaged and straw
houses can be damaged

L Concrete houses and
good infrastructure M Not urgent L No high frequency or growth M

Thunderstorm
and lighting

Almost every year and causes
25–40% of crop damage M

Following lifesaving
procedures during

lighting strikes
M Moderately urgent L Global climate change and

grows gradually H

Pest attack
Every year, almost 10% of crops
are damaged due to pest attacks,

and pests are resistant to pesticides
M Use of pesticides M Not urgent M

Will become a big problem if
pesticide resistance is not
taken into consideration

M

Note: “S” refers to score for different parameters of the SMUG model for different hazards; ‘H’ for High, ‘M’ for Medium, and ‘L’ for Low.
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From Table 2, we find that the SMUG qualitative model describes each sector’s damage level
according to its hazards and suggests the urgent measures to be adopted. Table 3 expresses the total
scores from the SMUG analysis.

Table 4 shows that the FEMA model, where hailstorms received a high score (i.e., scored 10 for
each parameter and ranked as the number one hazard in the study area). As the FEMA model
threshold level is 100, prioritized hazards with a greater score than 100 should be carefully addressed.
With the exception of nor‘westers and heavy rain, all hazards in the study area should be taken
into consideration.

Table 3. Hazard prioritization by the SMUG model.

Hazard Seriousness Manageability Urgency Growth Total Score SMUG Rank

Flash flood M M M L 16 5

Drought M M M H 25 2

Hailstorm H L H H 31 1

Heavy rain L M L L 8 7

Cyclone and nor‘wester L M L M 12 6

Thunderstorm and
lightning M M L H 21 3

Pest attack M M M M 20 4

Note: ‘H’ for High, ‘M’ for Medium, and ‘L’ for Low.

Table 4. Hazard prioritization by the FEMA model.

Hazard History (2) Vulnerability
(5)

Maximum
Threat (10)

Probability
(7) Total Score FEMA Rank

Flash flood 5 5 5 5 170 3

Drought 10 10 5 10 190 2

Hailstorm 10 10 10 10 240 1

Heavy rain 5 5 5 1 92 6

Cyclone and nor‘wester 5 1 5 1 72 7

Thunderstorm and
lighting 10 5 5 5 130 5

Pest attack 10 5 5 10 165 4

Note: Number in parenthesis are the weight of each criterion.

Tables 3 and 4 show that both the SMUG and FEMA models produced nearly similar results for
the prioritization of hazards, and hailstorms are the number one hazard considering the parameters of
vulnerability and risks. Drought is the second most important hazard. Table 4 shows that hailstorm
history received a high score, indicating that it happened at least once in a year. Hailstorms have the
highest level of vulnerability, indicating that more than 30% of crops are vulnerable once a hailstorm
occurs, along with damage to property, and that the maximum threat is also highest, giving rise to
the threat to sustainable agriculture. Here, “threat to sustainable agriculture” indicates a situation in
which there is annual occurrence of hailstorms and farming communities do not receive compensation,
insurance pay-outs, or other incentives; this situation may cause farmers to lose motivation for crop
production, and they may move to non-farming sources of income. This would ultimately affect
sustainable agriculture and household food security. Another undoubtedly alarming and crucial
finding is that there could be effects on regional and national crop production. Drought has gained
particular attention where the history, vulnerability, and probability of occurrence received the highest
scores, however, the threat to agriculture and its sustainability were scored at the medium level.
The FEMA model provides more numerical results, and flash floods were the third most important
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hazard, whereas in the SMUG model, we prioritized flash floods as the fifth most important hazard
among seven. Thus, the findings from two models differed a bit.

3.2. Prioritization of the Hazards Based on Hazard Risks Perceived by Farmers Using a Questionnaire Survey

Perceptions of the identified hazards and their occurrence and severity were prioritized by the
farmer respondents when answering a questionnaire survey. As shown in Tables 3 and 4, hailstorms
are the most significant hazard in the study area, and Figure 3 shows that almost 99% farmers perceived
hailstorm as the most (score high) important hazard. In farmers’ perceptions, drought is the second
most important hazard followed by hailstorms. This corroborates the findings of the SMUG and
FEMA models that indicate water scarcity and temperature increases cause significant impacts on
crop production. Flash flooding during the monsoon season causes serious damage to field crops
and daily life and was ranked the third most significant hazard to the community, and yet its current
prioritization as a hazard has lowered over the past decade. Pest attacks have a significant position,
as these cause serious damage to crops every year, and thus they have gained priority because of their
severity in terms of economic loss.
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Figure 3. Prioritization of hazards identified by the farmers of Panchagarh (N = 320).

The prioritization of extreme weather events such as thunderstorms and lighting also increased,
indicating changes in prioritization. It was reported that thunderstorms with hail cause serious damage
to crops, but thunderstorms without hail do not have a huge impact.

Table 5 shows the percentage of farmers receiving different incentives after the natural hazards
including hailstorms occurrence in the study area. It was revealed that after a hailstorm, the farmers
did not receive any incentives, contrary to other hazards. Once a flash flood occurs, the farmers
mostly received daily necessary food items or monetary support as relief from government and other
non-governmental or community sources. The farmers have experienced drought every year and they
usually receive different varieties of crops seeds, fertilizers, and different input materials as incentives
from the agriculture department. They sometimes can use the community irrigation facilities more
cheaply when the drought is extreme. But even after the occurrence of an extreme hailstorm that causes
damage to the crops, the respondents reported that they did not receive any incentives or support.
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Table 5. Incentives received by the farmers after the natural hazard occurrences in the study area.

Hazards

Incentives (%)

Seeds Fertilizer
Other Input Materials such as

Pesticides, Irrigation and
Harvesting Facilities, etc.

Reliefs (Daily Necessary
Food Items or Monetary

Help Support)

Flash floods 0 0 0 86.25

Drought 66.25 38.13 87.5 0

Hailstorms 0 0 0 0

Heavy rain 0 0 0 20.63

Cyclone or
nor‘wester 0 0 0 50.63

Pest attack 0 0 38.44 0

3.3. Frequency and Distribution of Hailstorms in Bangladesh

Once we found the result that hailstorms are the most significant hazard position in terms of their
vulnerability, probability, and damage, we attempted to show the frequency and distribution of this
hazard across Bangladesh, particularly in northern Bangladesh. The time series plot of Bangladesh’s
annual frequency of hailstorms is distinguished by yearly variations (Figure 4). The broken line shows
the 5-year moving average. The straight line represents the smoothed time series, where high frequency
modes with a time lower than 5 years have been removed. The time series which is smoothed shows
low hailstorms frequency up to 2004, the year with a minimum number. From 2004 to 2012, growth
was steady. However, the frequency increased sharply after 2012, and growth has been continuous
since then. A decadal variation with a conjectural period of around 10 years from 2008 to 2018 is
explicit from the smoothed line. The trend analysis shows a significantly increasing trend (p value
0.000) of annual hailstorms frequency (1.80 per year).
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Figure 4. The time series of annual hailstorms frequency from 1987 to 2018. The broken line indicates
the 5- year moving average data, while the straight line indicates the trend. In the regression equation,
the x- variable is year. R2 is the coefficient of determination.

Figure 5 shows the increasing rate of hailstorms in Bangladesh and particularly shows that the
most affected area was the Rangpur division. Typically known as northern Bangladesh, this area is
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acknowledged as the most important crop cultivation area. The weather station with the highest
number of hailstorms has been recorded (126 times) is Saidpur. The study area included Saidpur, so this
may have affected the prioritization change to some extent. Weather stations Rangpur and Dinajpur are
also in northern Bangladesh. The map shows that the most significant region of Bangladesh in terms
of overall maximum exposure to hailstorms is Rangpur (Figure 2 shows the Bangladesh divisions and
location of weather stations). The overall picture of the frequency and distribution of hailstorms across
Bangladesh can be seen on the map, which shows that the second most important region is Chittagong.
Hatia weather station is on one of the biggest islands of Bangladesh, located in the Chittagong division,
and it holds the second most significant position with respect to hailstorms following the study area.Sustainability 2020, 12, x FOR PEER REVIEW 16 of 21 

 

 

 
Figure 5. Hailstorm frequency in Bangladesh. 

4. Discussion 

Figure 5. Hailstorm frequency in Bangladesh.



Sustainability 2020, 12, 5011 14 of 18

4. Discussion

This study was concerned with two important research objectives: Change in hazard prioritization
and the exploration of the most significant hazard’s climatological status. The study found that
hailstorms were the most significant hazard in the study area. This novel finding explains why farmers
are deeply concerned about hailstorms, as they cause serious annual damage to crops at least once
or twice a year. It was also reported that the frequency and distribution were increasing along with
higher levels of devastation due to more intense hailstorms, larger sized hailstones, and longer storms.
Climatology, frequency, and distribution were also shown, which answers the major research objective.
Many researchers have conducted different types of research regarding Bangladesh’s existing and
known natural hazards and analyses of their impacts. However, this study reveals the new knowledge
that hailstorms have become the riskiest hazard in northern Bangladesh. There is almost no research on
the frequency, intensity, and distribution of hailstorms specifically in Bangladesh, although there have
been a number of studies instead found on thunderstorm climatology and its impact. The changes
in the patterns of hailstorms, hailstone size, seasonal variation, important regions for hailstorms
in Bangladesh, risks, vulnerability related to hailstorms, and farmers’ perceptions of hailstorms
(in comparison to other potential hazards) have not been made clear from the previous researches.

There have been very few studies conducted on the frequency and distribution of hailstorm in
Bangladesh. However, Yamane et al. (2009) studied the climatology of severe convective storms
in Bangladesh, but did not specify hailstorms, which this study does [45]. Habib (2012) [46] found
hailstorms and thunderstorms as a type 1 hazard in Bangladesh in general, where floods, riverbank
erosion, and droughts were treated as type 2, and tsunamis and cyclones were considered as a type
3 [46]. Hossain and Roy (2013) explored hailstorms as the fifth ranked hazard in community level
risk analysis [47], but this study showing a different result where hailstorm became the first ranked.
Related to the findings of Dale et al. (2001) we can assume that the increasing number of hailstorms in
northern Bangladesh, more particularly in the study area, could be induced due to the geographical
location adjacent to the Himalaya mountains [48]. Botzen et al. (2009) conducted research on climate
change and hailstorm damage and opined that hailstorm frequency and damage could exacerbate
in the future if temperature increases further due to climate change [49]. Several studies have been
made on thunderstorms over India, Bangladesh, and other countries [50]. These studies are related
to climatology, formation, structure, troposphere instability, and water vapor of the troposphere in
association with the forecasting of thunderstorms, but almost no research has focused on hailstorms
specifically due to the lack of data, or possible perception of this hazard as minor. BMD suffers from a
lack of sophisticated data which are most important to understanding the climatology of hailstorms.
This study presents a spatial map of hailstorms and found the most significant region in Bangladesh
for occurrence and severity.

From the questionnaire survey, it was found that the occurrence of a single hailstorm in the
study area could be disastrous, and every year they occur twice, thrice, or more. The data from
the questionnaire showed that the farmers perceived that storm intensity, hailstone size, and kinetic
energy are also gradually increasing, and those factors are causing serious damage to the study area.
However, such data has not been officially recorded, which poses a major obstacle to further research.
The risk of hailstorm was revealed to be the most significant of all natural hazards. Moreover, the data
also showed that the farmers did not receive any incentive after hailstorms occurred regardless the
consequences for crop production.

Malak et al. (2013) also applied the SMUG and FEMA models in their research to prioritize
the hazards in Matlab, Bangladesh and found that flooding was the most important hazard in that
locality and that hailstorms took the fourth position in the FEMA model’s analysis [33]. Our study
characterizes one of the parameters of the FEMA model, i.e., maximum threat as a threat to sustainable
agriculture for the first time, exploring the relationship between hazards and the sustainability of
agriculture. Ahsan et al. (2014) conducted a research on climate change and risk perceptions and found
that the cyclone leads to substantive loss to the crop production, and 75% of farmers opined that if such



Sustainability 2020, 12, 5011 15 of 18

disasters occur regularly, they will be compelled to quit farming [51]. On the other hand, we found
that almost all farmers perceived hailstorms as a potential threat to sustainable agriculture, and they
might stop farming and choose non-farming income sources as mitigation strategies. This unique
finding leads us to conclude that hailstorms are a big threat to sustainable agriculture in the study area.
Accordingly, these models could be helpful in prioritizing hazards and assisting policymakers.

5. Conclusions

The frequency and distribution of hailstorms have gradually and significantly increased in
the study area. The most important region for hailstorms in Bangladesh is the northern region,
where different types of droughts are also having serious effects on agriculture. Flash floods were
previously very common; however, the present scenario is different. Due to the change in rainfall
patterns, good drainage facilities, and lower amounts of water in the adjacent river basin, flash floods
are no longer regarded as significant hazards. Other extreme weather events are also increasing
simultaneously with the changes in climate. Hailstorms have become the riskiest hazard in terms of
their probability, damage level, and threat to sustainable agriculture in the study area. The SMUG and
FEMA models finding clearly show that hailstorms emerged as the most significant hazard in the study
area. There are few explicit policies that address the issues of hailstorms and agricultural compensation.
Immediate attention should be paid to minimizing loss, and assistance should be given in the form
of incentives, financial support, and/or farm input materials. Crop insurance would also help to
compensate farmers. Assistance should also be given in choosing the most suitable plant varieties and
cultivation practices, and in early harvesting of field crops to minimize the risk of hailstorm damage in
the pre-monsoon season.

The major limitation of this study is its focus on a specific area of Bangladesh, so the result is
localized rather than generalized. Therefore, future studies could consider the location and importance
of hazards. We recommend conducting a deep climatological study of hailstorms to discover the
reasons behind their higher frequency in the study area, as well as their vulnerability in a broader
area, using a larger number of respondents. There is a limited field in the SMUG model that considers
the damage level of a hazard, but it does not take the frequency into consideration. But integrated
use of the SMUG and FEMA models overcome this limitation and provide satisfactory analyses for
prioritization of hazards. In the changing global climate, the most vulnerable countries could adopt
these models to prioritize the hazards and take action accordingly.
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