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Abstract 
Bangladesh has experienced a number of severe natural disasters. Most re-
cently, tropical storms Aila, Sidr and Mohaseen have affected the Kuakata 
coastal belt. These natural disasters have had substantial negative impacts on 
natural resources. Development of coping strategies for the protection of 
natural resources across this belt is significantly important. The present re-
search is focused on the effects of tropical storms on crops, humans, fish, li-
vestock and infrastructure. There were 99 fatalities recorded during the Sidr 
and Aila natural disasters. These disasters impacted 910.94 ha (Sidr) and 
973.69 ha (Aila) of cropland. The total number of affected livestock and fishes 
such as, 18,200 fish ponds, 1209 cattle, 3324 goats, 6888 chickens, 1716 ducks, 
103 buffalo and 144 sheep. After tropical cyclones of Sidr, Aila, Heavy rains-
torms and Mohaseen 12,970, 17,703, 10,050 and 2500 households respectively 
reported some form of damage. Cattle, goat, chicken and buffalo were found 
more injured than other livestock due to the natural disasters of Sidr. Tem-
perature and wind speed were both found to be statistically significant (p ≤ 
0.05) with humidity. Climatic parameters trend has been increased signifi-
cantly since 1979. Regular monitoring of climatic variables, preparedness ac-
tivities, and coping strategies would be significantly important for this coastal 
communities. 
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Preparedness 

 

1. Introduction 

Bangladesh is located in a region prone to natural disasters [1]. On average, 
Bangladesh experiences a natural disaster yearly [2]. Natural disasters frequently 
occur across the coastal belt [3]. Communities in the coastal belt are particularly 
at risk [4]. This region covers approximately 47,201 square km, encompassing 19 
districts [5]. In the coastal region, cyclones, storm surges, riverbank erosion and 
landslides are recurrent natural disasters [6]. Among these, high intensity cyc-
lones occur either in early summer (March-April) or late in the rainy season 
(October-November) [7]. For many decades, about 508 recorded cyclones origi-
nated in the Bay of Bengal; 17 of these made landfall in Bangladesh [7]. One 
notable cyclone occurred on April 29th 1991, and killed approximately 140,000 
people [6] [8] [9]. Another such storm occurred in 1970, killed approximately 
300,000 people, 280,000 cattle, and destroyed or severely damaged 100,000 
fishing boats and 400,000 homes [2]. Over the last two centuries Bangladesh 
has been struck by at least 70 storms that resulted in severe damage. The im-
pact of these historic storms was significant, and thus made international 
headlines [10]. The most recent of these storms was Sidr in 2007 and Aila in 
2009. Sidr and Aila had the greatest impact on the coastal region of Bangladesh 
[10].  

It has been estimated that over the last 10 years Bangladesh has lost approx-
imately 3.02% of GDP due to natural disasters [11]. Additionally, Bangladesh 
has the highest natural disaster associated mortality rate in the world [12]. An-
nually 4% of rice production and 90% of households are affected by the 
pre-monsoon and post monsoon season [6]. There are many countries across 
the world where natural disasters impact crop production. For instance, [13] re-
port battening down the effects of hurricanes on crop production throughout 
the world. Similarly, a hurricane wind risk and loss assessment of Caribbean 
agriculture was conducted by [14]. In developing countries crop production is a 
vital indicator of national income and food security [15]. In Bangladesh food 
crop production is being severely impacted by various natural disasters [16]. As 
a result, national economic growth has been declined sharply [6]. In Bangla-
desh starvation, crop damage, livestock mortality and damage to fisheries are 
common during storm season [12]. These storms also contribute to skin and 
several water-borne diseases, including cholera and diarrhea [17]. These diseases 
are often fatal due to a lack of medical care, shelter, safe food, and potable water 
[12]. 

Many factors of climate change seem to be the principle drivers for the in-
crease in extreme natural events [18]. As a result, international attention is fo-
cusing on the relationship between extreme weather events and changing climate 

https://doi.org/10.4236/cweee.2018.74011


M. Z. Alam et al. 
 

 

DOI: 10.4236/cweee.2018.74011 163 Computational Water, Energy, and Environmental Engineering 

 

conditions [9] [12]. Coincident with the increase of natural disasters, emergency 
preparedness has decreased in developing countries [19]. This is paradoxical as 
studies indicate the increased impact natural disasters have had on natural re-
sources [20]. Tropical cyclones accompanied by heavy rainfall are primarily go-
verned by sea surface temperature [21]. Cyclones induce heavy precipitation and 
high winds, resulting in flooding and storm surges [22] [23] [24].  

The government of Bangladesh has been conducting research on the impacts 
of natural disasters in collaboration with develop countries. This research pri-
marily focuses on the effectiveness of disaster preparedness plans, the use of 
cyclone shelters, and early warning systems [10]. Research is also being carried 
out to determine how the effects of global warming can be mitigated through the 
implementation of various coping strategies [25]. Cyclone coping strategies are 
dependent upon the demographics and socio-economic conditions in cyc-
lone-prone coastal villages in Bangladesh [26]. In these areas people are accus-
tomed to adjusting their lifestyle and developing their own coping strategies 
[10]. Local impact prevention and mitigation strategies have been shown to sig-
nificantly minimize the vulnerability of people in coastal communities [26]. 
Early warning systems and government/non-government partnerships for disas-
ter relief and rebuilding efforts have been shown to be effective disaster man-
agement strategies for lessening the long-term impacts experienced by poor 
communities in disaster prone areas [26].  

Tropical storms cannot be prevented, but damage may be mitigated through 
effective management strategies [12]. The impact cyclones have on local popula-
tions can be lessened through the implementation of effective warning systems, 
the construction of cyclone shelters, and formulation of emergency evacuation 
and preparedness plans [8]. Integrated disaster risk management programs in-
corporate these strategies in a manner that includes; building awareness at 
school and community levels, facilitating the development of local disaster 
management and rescue plans, aiding in the formation of disaster risk reduction 
(DRR) groups, improving training to adequately asses’ vulnerabilities to natural 
resources, and increasing search and rescue capacities in a variety of disaster 
prone areas [12]. Many studies have projected the remarkable impact of tropical 
cyclones on agriculture throughout the world [13]. The Coastal belt is signifi-
cantly important for agriculture production due to its fertility and productivity, 
so this research provides a quantitative risk and loss assessment of agriculture, 
livestock, humans and other infrastructure across the Kuakata coastal belt in 
Bangladesh. For this reason, this research is significantly important for the pro-
tection of natural resources from the hit of natural disasters across the coastal 
belt in Bangladesh. Combining advanced management strategies for natural dis-
aster mitigation is a more pragmatic approach than current relief efforts [27]. 
We studied the impacts of natural disasters on crops, livestock, fisheries and 
humans. We also examined the correlation between climatic variables and pre-
paredness with coping strategies for the reduction of natural disasters at Kuakata 
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coastal region of Bangladesh. We found natural disasters negatively affected 
crops, households, fisheries and livestock due to the variation of climatic para-
meters in Bangladesh as well as throughout the world [13]. It hypothesizes con-
tinuous monitoring of climatic parameters, and natural disaster frequency on 
the coastal belt in Bangladesh will be useful for the protection of natural re-
sources. 

2. Materials and Methods  
2.1. Description of Study Areas 

The Kuakata coastal belt of Kalapara Upazila is in the south-western part of 
Bangladesh, and is susceptible to periodic cyclonic storms. It is located between 
21˚48' and 22˚05' north latitude and between 90˚05' and 90˚20' east longitude 
[28]. Kalapara Upazila is bounded by Amtali Upazila of the Barguna district to 
the north and west, the Bay of Bengal on the south, Rabnabad channel and Ga-
lachipa Upazila on the east [29]. The total area of Kalapara Upazila is 491 square 
kilometers and the population is 238,000 [30]. The study area is highlighted in 
Figure 1 and Table 1.  
 

 
Figure 1. Study area on a Bangladesh map. 
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Table 1. Description of study areas in the Kuakata coastal belt of Kalapara Upazila. 

Total area 
(km2) 

Total population 
(000) 

Number of 
Union 

Agricultural resources 
Cropping 

pattern 
Topography 

Source of  
irrigated water 

Major  
problems 

Total  
cyclone center 

491 238 12 

Rice, pulse crops, sesame, 
spices crops, potato’s, 

melon, sunflower, maize, 
wheat, betel leaves,  

livestock and fisheries 

25 Flat 
Rivers, Bay of 

Bengal and 
rainfall 

Natural disaster and  
Hazards-Cyclones 

and Salinity 
25 

2.2. Inception Meeting 

A 5-day inception meeting was held in Kalapara Upazila between the Depart-
ment of Agricultural Extension (DAE), Bangladesh Water Development Board 
(BWDB), Bangladesh Jute Research Institute (BJRI), Local Government Engi-
neering Development (LGED), and Natural Disasters Management office on 20th 
March, 2016. Attendees included volunteers from the Cyclone Preparedness 
Program (CPP), and government officials from Kalapara Upazila. Discussion 
topics included; type and severity of natural disasters and the effect on crops, li-
vestock, fisheries, schools, and religious institutions. During this meeting we 
collected data on the impacts of tropical cyclones to crops, fisheries, livestock, 
roads, households, and humans.  

2.3. Collection of Data Regarding Impacts of Natural Disasters on  
Environment  

Based upon discussions held at the inception meeting, we elected to examine the 
impacts of several historic natural disasters. These include Aila, Sidr and Moha-
seen, all of which struck the Kuakata Coastal belt. We noted the impacts of these 
natural disasters on humans, crops, fisheries, and livestock. These data were ga-
thered from the Upazila Disaster Management Bureau office, Department of 
Agricultural Extension, Department of Fisheries, and the Department of Lives-
tock. Information regarding the impacts of cyclonic natural disasters on house-
holds, roads, educational, and religious institutions was gathered from the Upa-
zila Disaster Management Bureau office.  

2.4. Information Regarding Existing Coping Strategies and  
Preparedness Program 

Information pertaining to existing coping strategies employed by the Banglade-
shi government, individuals, non-governmental organization (NGO), and edu-
cational institutions was acquired from the Upazila Disaster Management Bu-
reau office of Kalapara. We also collected information related to current prepa-
redness levels including, signaling, evacuation and relocation plans, search and 
rescue, first aid, and systems which are in place for providing relief to local 
communities during natural disasters (Figure 2 and Table 6).  

2.5. Data about Climatic Parameters 

We examined climate data for the last 36 years including; temperature, rainfall, 
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humidity, and wind speed. Data were collected from the Bangladesh Meteoro-
logical Department, Climate Division, Agargaon, Dhaka-1207. We noted average 
yearly status of rainfall, temperature, humidity and wind speed for Kuakata 
coastal regions (Figure 3).  

2.6. Statistical Analysis  

Pearson correlation coefficients were determined for relevant climate parameters 
using Statistical Package for the Social Sciences (SPSS). Significance levels for 
correlation between temperature, rainfall, humidity and wind speed were ana-
lyzed using R (3.2.2 version). Trend of climatic parameters changes since 1979 to 
2015 were analyses using R also. Effect of natural disasters on human and lives-
tock was analyzed using “Z” score.  

3. Results 
3.1. Effect of Natural Disasters 

The natural disasters, which struck the Kuakata coastal belt impacted human 
populations, crops, fisheries, livestock, households, roads, and educational and 
religious institutions.  

3.1.1. Human  
The Kuakata coastal belt of Patuakhali was struck by tropical storms Sidr, Aila, 
and Mohaseen, which originated in the Bay of Bengal in 2007, 2009, and 2013. In 
2010 the region was affected by numerous storms and heavy rainfall. Sidr re-
portedly killed 94 people, disabled 96, wounded 1678 and affected 3247 families. 
Tropical storm Aila killed 5 people, disabled 6, wounded 145 and affected 5750 
families. In 2010 storms and heavy rainfall affected 5907 families. About 500 
families were affected by tropical storm Mohaseen in 2013. Minimum number of 
people was death, wounded and paralyzed due to heavy rain and Mohaseen cyc-
lones. According to the analysis of “Z score” number of affected families was po-
sitively increased due to the tropical storms of Sidr, Aila, and Mohaseen rather 
than other impacts such as, death, handicapped and wounded (Table 2).  

3.1.2. Crops  
About 910.94, 973.69, 20 and 15 ha cropping areas were fully (100%) affected by 
the natural disasters of Sidr, Aila, heavy storms and Mohaseen cyclones. Simi-
larly, 161.94, 243.32, 1344.13 and 5674.09 ha area were partially (50%) affected 
by tropical storms Sidr, Aila, Mohaseen and heavy storms. In addition, 189.88, 
202.43, 2 and 5 ha of arable land was damaged to the salinization as a result of 
Sidr, Aila, heavy storms and Mohaseen (Table 3).  

3.1.3. Fisheries 
In the Kuakata Coastal Belt 18200 fish ponds were affected (100%) by each nat-
ural disaster of Sidr, Aila, and Mohaseen due to the intrusion of saline water. As 
a result of this, 1500 metric tons of fish were lost by these natural storms (Table 3).  
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Table 2. Effect of natural disasters on human across the Kuakata coastal belt. 

Types of impacts 

Natural disasters 

Sidr, 2007 
“Z” score 

values 
Aila, 
2009 

“Z” score 
values 

Mohaseen, 
2013 

“Z” score 
values 

Heavy storm and 
rain fall, 2010 

“Z” score 
values 

Death toll 94 −0.78 5 −0.52 1 −0.50 1 −0.50 

Paralyzed/handicapped people 96 −0.78 6 −0.52 3 −0.50 2 −0.50 

Wounded 1678 0.26 145 −0.47 2 −0.50 3 −0.50 

Affected families 3247 1.30 5750 1.50 500 1.50 5907 1.50 

 
Table 3. Impacts of tropical storms on crops and fisheries in the Kuakata coastal region 
of Kalapara Upazila. 

Natural  
Disaster 

Date 

Crops Fisheries 

Fully affected 
cropping 
areas (ha) 

Partially affected 
cropping areas 

(ha) 

Salinity 
affected 

areas (ha) 

Total fish 
pond 

Affected fish 
(Mt)/water 
bodies (ha) 

Sidr 
2007,  

November 
910.94 161.94 189.88 

18,200 
(450 ha) 

1500/450 

Aila 2009, May 973.69 243.32 202.43 
18,200 

(450 ha) 
1500/450 

Heavy storm 
and rainfall 

2010, October 20 5674.09 2 20 ha 15 ha 

Mohaseen 2013, May 15 1344.13 5 
18,200 

(450 ha) 
1500/450 

3.1.4. Livestock 
Total number of recorded livestock fatalities during Sidr, Aila and Mohaseen 
were; 1209 cattles, 3324 goats, 6888 chickens, 1716 ducks, 103 buffalo, and 144 
sheep. These storms further affected (injured) 52,205 cattle, 18,801 goats, 
409,002 chickens, 25,505 ducks, 20,607 buffalo and 3503 sheep. These storms 
destroyed approximately 321 tons of livestock feed. Records indicate that 12 
dairy farms and 62 poultry farms were severely damaged. According to the Z 
score, cattle, goat, chicken and buffalo were found more injured than other li-
vestock due to the tropical disasters of Sidr. The number of chicken was found 
positively injured due to the natural disasters of Aila also. On the other hand, 
Maximum number of goats, chicken and ducks were death rather than other li-
vestock during the natural disaster of Mohseen. Poultry farm were found dam-
aged because of the tropical disasters frequency (Table 4).  

3.1.5. Households, Roads, Educational and Religious Institutes 
The recorded number of households damaged by Sidr and Aila were 12,970 and 
17,703. An additional 10,050 and 2500 household were found damaged by 
storms with heavy rainfall and Mohaseen cyclones, respectively. During Sidr and 
Aila a number of educational institutions were also heavily damaged (195 and 
68). The number of affected religious institutions recorded during these storm  
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Table 4. Effect of natural disasters on livestock across the Kuakata coastal belt. 

Types of 
impacts 

Livestock’s 
(No.) 

Natural disasters 

Sidr, 2007 
“Z” score 

values 
Aila, 2009 

“Z” score 
values 

Mohaseen, 
2013 

“Z” score 
values 

Death Toll 

Cattle 1185 −0.55 22 −0.28 2 −0.49 

Goat 3285 −0.35 27 −0.28 12 0.17 

Chicken 5821 −0.12 1032 −0.27 35 1.67 

Ducks 1659 −0.50 2 −0.28 55 2.98 

Buffalo 101 −0.65 1 −0.28 1 −0.55 

Sheep 134 −0.65 8 −0.28 2 −0.49 

Injured 
livestock 

Cattle 40,000 3.06 12,200 −0.16 5 −0.29 

Goat 16,000 0.83 2800 −0.26 1 −0.55 

Chicken 9000 0.18 400,000 3.61 2 −0.49 

Sheep 3200 −0.36 300 −0.28 3 −0.42 

Duck 7500 0.04 18,000 −0.11 5 −0.29 

Buffalo 18,000 1.01 2600 −0.26 7 −0.16 

Livestock feed (ton) 300 −0.63 20 −0.28 1 −0.55 

Dairy farm (No.) 10 −0.66 1 −0.28 1 −0.55 

Poultry farm (No.) 37 −0.65 15 −0.28 10 0.03 

 
events was 886, 285 and 106. During this period 166 km of roadway were heavily 
damaged (Table 5).  

3.2. Existing Natural Disaster Preparedness Plans  

Existing preparedness plans include signaling, evacuation, search and rescue, 
emergency medical aid, and post-disaster activities. For signaling, signal num-
bers 1 - 3 indicate oral forecasting from person to person and raising signal flag 
one. Signal No. 4 - 7 indicates that the storm warning is announced with a me-
gaphone and signal flag two is raised. Signal No. 7 - 8 indicates warning an-
nouncements are made by Loud Speaker, Megaphone, and Siren, and signal flag 
3 is raised. The second criterion, evacuation, includes the transfer of women, 
children, the elderly and disabled into the cyclone shelters. Search and rescue 
groups were responsible for damage surveys, stretching, laddering, raft making, 
and ensuring safe waterways after a cyclone. Emergency medical aid is necessary 
to ensure that affected people receive adequate medical attention. Post disaster 
activities include disaster relief and aid distribution (Figure 2).  

3.3. Existing Coping Strategies for Natural Disasters  

In disaster prone areas current coping strategies are implemented by govern-
ment, educational institutions and NGO’s. These strategies include afforestation 
incentives and programs, construction of dams and sluice gates, and the  
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Figure 2. Flow chart of existing preparedness activities for natural disasters in the Kuakata coastal belt. 

 
Table 5. Impacts of tropical storms on households, roads, educational, and religious in-
stitutions in the Kuakata coastal region of Kalapara Upazila. 

Natural Disasters Year 
Households 

(No.) 
Educational  

institute (No.) 
Religious  

institute (No.) 
Roads (km) 

Sidr 2007, November 12,970 195 886 80 

Aila 2009, May 17,703 68 285 25 

Heavy storm and  
rainfall 

2010, October 10,050 5 106 21 

Mohaseen 2013, May 2500 3 1 40 

 
construction of cyclone shelters. In addition, increased public awareness of dis-
aster plans has been achieved through education and outreach which include 
implementation of first aid training programs, search and rescue training, and 
cultural demonstrations of natural disasters through drama, folk songs, public 
rallies, and school feeding (Table 6).  

3.4. Climatic Parameters  

We analyzed local climate data from the Kutakata coastal belt from 1979-2015. 
This data set included records for temperature, rainfall, humidity and wind 
speed. 

3.4.1. Temperature 
The highest recorded temperature was 27.1˚C in 1979. The lowest temperature 
was 25.5˚C, and was recorded in 1997 and 2013. Temperature variations were 
minimal between 1979 and 2015 (Figure 3). Temperature was negatively corre-
lated with rainfall and humidity. A positive correlation was found between tem-
perature and wind speed. Temperature was significantly (p ≤ 0.05) correlated  

Signaling:
 Signal No. 1-3: 

Person to person oral 
communication 
Signal flag 1 is 
raised. 

 Signal No. 4-7: 
Announcement by 
megaphone. Signal 
flag 2 is raised. 

 Signal No. 8-7: 
Announcement by 
loud speaker, 
megaphone, and 
siren. Signal flag 3 is 
raised.

Evacuation and 
Relocation:
Volunteers and 
government 
agencies evacuate 
and transfer 
vulnerable 
populations to 
cyclone shelters. 
This group includes 
the physically 
disabled, elderly, 
women and 
children.

Search and Rescue:
Operations are 
carried out by a 
group of volunteers 
who are trained for 
search and rescue 
operations by the 
Cyclone 
Preparedness 
Program (CPP). 
They are responsible 
for post catastrophe 
surveys, stretching, 
laddering, raft 
making, and river/sea 
safety. 

Medical and First 
Aid:
Post cyclonic storm 
event, volunteers 
with first aid and 
medical training will 
begin searching for 
injured people. Their 
main function is to 
serve the seriously 
injured, and address 
injuries that include; 
lacerations, broken 
bones, exhaustion, 
and drowning.

Relief:
Generally, post 
disaster 
activities 
include, 
distribution of 
relief supplies, 
rehabilitation of 
affected people, 
and health & 
sanitation 
management.

Existing preparedness
(5 group)
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Table 6. Existing coping strategies for tropical storms in the Kuakata coastal belt. 

Government Social Educational institute NGO’s 

 Afforestation activities; 
 Dam construction; 
 Building sluice gates; 
 Create public awareness; 

through film, video shows, 
and publicity campaign; 

 Erect and maintain cyclone 
shelters. 

 Motivation to increase 
social benefits for creating 
forested areas on  
homestead; 

 Increase the awareness 
among the community 
people regarding tools for 
preparation and reducing 
impacts of natural disasters. 

 Educate public children on the 
effects of natural disasters and 
existing coping strategies; 

 Arrange training sessions and 
seminars regarding the effect of 
natural disasters and benefits  
associated with preparedness  
activities. 

 Provide training for first aid, search and 
rescue, and leadership; 

 Develop public educational demonstrations 
using drama, folk songs and public rallies to 
communicate natural disaster  
preparedness; 

 School feeding for awareness build up; 
 Implement afforestation programs; 
 Design and construction of cyclone shelters. 

 
with humidity (Table 7). Since 1979, temperature trend has been found signifi-
cantly increased (0.01 < p ≤ 0.05) (Table 8). 

3.4.2. Rainfall 
The recorded rainfall ranged from 156 to 292.5 mm between 1979 and 2015. The 
highest recorded rainfall was in 1995 and 2001. Similar rainfall levels were rec-
orded in 2011, 2013 and 2015 (Figure 3). Rainfall was positively correlated with 
humidity and wind speed. There is no significant relationship between rainfall 
and other climatic parameter. Since 1979, rainfall trend has been increased sig-
nificantly (0.05 < p ≤ 0.1) (Table 7 and Table 8). 

3.4.3. Humidity 
The average humidity ranged from 74 to 88% for the 36-year period covered by 
our data set. The lowest humidity percentages were found in 1980 and the high-
est was in 1987 (Figure 3). Wind speed was negatively correlated with humidity. 
This relationship was statistically significant (p ≤ 0.05) (Table 7). Since 1979, 
humidity trend has been increased significantly (0.05 < p ≤ 0.1) (Table 8). 

3.4.4. Wind Speed  
The highest wind speed, 7.9 knots, was recorded in 1979. The lowest wind speed, 
3 knots, was recorded in 1987 (Figure 3). Wind speed was positively correlated 
with temperature and rainfall, and was negatively correlated with humidity. This 
relationship was statistically significant (p ≤ 0.05) (Table 7). Since 1979, wind 
speed trend has been found statistically insignificant different (0.05 < p ≤ 0.1) 
(Table 8). 

4. Discussion  
4.1. Natural Disasters in Coastal Belt of Bangladesh  

Over the last 100 years Bangladesh has experienced 53 major cyclones. The in-
tensity and frequency of cyclones is the greatest in the Kuakata coastal belt [7]. 
In recent years sustained population growth, in conjunction with the aggressive 
development of vulnerable coastal areas, has led to an increase in natural disaster 
related injuries and fatalities to humans, crops, livestock, fisheries and other in-
frastructure in Bangladesh as well as throughout the world [13] [14] [31] [32].  

https://doi.org/10.4236/cweee.2018.74011


M. Z. Alam et al. 
 

 

DOI: 10.4236/cweee.2018.74011 171 Computational Water, Energy, and Environmental Engineering 

 

 
Figure 3. Variation of yearly average temperature, rainfall, humidity and wind speed in the Kuakata coastal region in Bangladesh 
for last thirty-six years. 

 
Table 7. Correlation between climatic parameters in the coastal belt during the year of 
1979 to 2015. 

Climatic parameters Temperature (˚C) Rainfall (mm) Humidity (%) Wind speed (Knots) 

Temperature ˚C 1 
   

Rainfall (mm) −0.133058442 1 
  

Humidity (%) −0.409135861** 0.244974067 1 
 

Wind speed (Knots) 0.167155225 0.234482349 −0.329081057** 1 

**Indicate significantly correlated at 5% level of significance. 

 
Table 8. Coefficient trend of climatic parameters across the Kuakata coastal belt since 
1979 to 2015. 

Climatic Parameter Estimated trend Standard Error R-Square 

Temperature −12.085** 5.191 0.134 

Rainfall 0.081* 0.051 0.068 

Humidity 1.162* 0.703 0.072 

Wind Speed −1.138 1.347 0.02 

**Indicate significant difference at 5% (0.01 < p ≤ 0.05) level of significance, *indicate significant difference 
at 10% (0.05 < p ≤ 0.1) level of significance. 

 
The mortality rates have been linked to flash flooding and storm surges triggered 
by cyclones [33]. Natural disasters continue to have a negative effect on societies 
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for many years [34]. Primarily this effect includes persistent injuries, illness, 
damaged agriculture sector and other infrastructure (Tables 2-5). Natural dis-
asters represent a significant threat to developing countries [35]. Bangladesh’s 
geographical position along with prevailing climatic conditions, frequently result 
in devastating natural disasters [32].  

Like many developing countries Bangladesh is an agrarian society [36]. Crop 
productivity is higher in the coastal belts than other regions of Bangladesh [37]. 
The Kuakata coastal belt produces rice, lentils, sesame, spices, potatoes, water 
melon, sunflower, maize, wheat, and betel leaves. Over the last few decades, crop 
production has been negatively affected by several cyclonic natural disasters 
[37]. These disasters might further effect agricultural trading flows and manu-
facturing subsectors, including the textile and food processing industries [38]. 
We found that 1884.62 ha in crop production were damaged in the Kalapara 
coastal belt over this period (Table 3). Similar studies conducted on natural dis-
asters and their effects on agriculture, food security and natural resources in 
Philippines, concluded that natural disasters had a significant negative effect on 
food security [13] [39]. Over the last three decades, in developing countries nat-
ural disasters have led to an increase in damage to food crops thus putting them 
at an increased risk for food insecurity [38]. Comparable studies in the coastal 
belt of Bangladesh, rice, chili, vegetable and fruit yields declined 7.5%, 11.66%, 
10% and 9.16% respectively due to tropical storms [40].  

Fish and livestock are important food resources that have a direct benefit to 
human health [41]. These products can strengthen one’s immune system by 
providing a complete protein [40]. Unfortunately, these food sources are declin-
ing due to increased storm intensity in coastal region of Bangladesh. Fish in ri-
verine (70.83%) and pond (33.33%) ecosystems were affected by the salt-water 
intrusion events that accompanied Aila and Sidr. These storms also injured cat-
tle (18%), goats (14%), buffalos (21%), chickens (10.09%), ducks (8.82%) and 
pigeons (24%) [40]. The highest incidence of cattle (500) and poultry fatalities 
(25,000) was recorded in the coastal belt of the Patuakhali district. Dairy farms 
with several tons of dairy products were also damaged (Table 4). Damage to fi-
shery resources was particularly devastating with 1026 fish rearing ponds and 
8218.62 ha in shrimp production destroyed [42]. Similarly, we found that fish, 
cattle, goats, buffalos, sheep, chicken and ducks were severely affected in the 
Kuakata coastal belt of Bangladesh.  

Usually people in the Kuakata coastal regions live with a great deal of envi-
ronmental risk [43]. Because of this, these communities tend to adapt to natural 
disasters. Due to this adaption and the frequency with which storms occur, most 
people do not want to evacuate their homes when severe storms threaten. The 
reason most often cited is that they fear loss of property. This inflexible attitude 
often results in people experiencing the devastating effects of natural disasters 
[44]. When tropical cyclone Sidr struck the south west coast of Bangladesh with 
winds up to 240 kilometers per hour, the resulting widespread flooding caused 

https://doi.org/10.4236/cweee.2018.74011


M. Z. Alam et al. 
 

 

DOI: 10.4236/cweee.2018.74011 173 Computational Water, Energy, and Environmental Engineering 

 

damage to homes, roads and bridges, sanitation infrastructure, interrupted elec-
trical service and downed communications. Drinking water was contaminated 
and many sources were inundated with saline water from tidal surges [45]. Cyc-
lone Sidr impacted 8075 km of roads in 11 of the 30 affected districts. Of the 
8075 km, 1714 km were destroyed, and 6361 km were partially damaged. Most of 
the affected roads were on embankments and were destroyed by the high tidal 
surge [45].  

4.2. Climatic Variability and Natural Disasters 

Recently, climate change has come to the forefront as a leading environmental 
issue [46]. Climate change includes any significant shift in temperature, rainfall, 
humidity and wind speed [47]. For decades these climatic parameters have been 
changing throughout the world. Due to changing climatic parameters, natural 
disasters are increasing [46]. Developing countries in particular are facing in-
credible challenges to their social and economic existence. Coastal areas are par-
ticularly susceptible to the increased frequency and intensity of extreme weather 
events [48]. The coastal belt of Bangladesh is at extreme risk due to geographical 
position [49]. For the last two decades, the earth’s temperature has steadily been 
increasing in the world as well as in the coastal belt of Bangladesh [48]. Natural 
disasters such as drought, high intensity storms, and tropical cyclones with high 
wind speeds are extremely visible [50]. Temperature is connected with weath-
er-related natural disasters [51]. The current average global temperature is likely 
higher than at any point over the last 2000 years [20] [48]. Cyclones are weather 
events with strong winds that circulate around low-pressure areas. Tropical cyc-
lones typically form above warm seas, with water temperatures around 26.5˚C 
[20]. Temperatures and other climate parameters that were recorded at the Ku-
akata coastal belt prior to the storm events were similar (Figure 3). In fact, this 
climatic parameter has been increased across the Kuakata coastal belt since 
many decades (Table 8).  

Climate change is a principle driver of increasing the frequency and intensity 
of tropical cyclones [52]. The destructiveness of cyclones has increased over the 
last 30 years [53]. The number of cyclones has nearly doubled since 1970 [54]. 
The frequency of these natural disasters is influenced by anthropogenic changes 
[55]. Climate change is impacting environmental conditions due to changes in 
wind speed and rainfall patterns [55]. The coastal region of Bangladesh has ex-
perienced several natural disasters due to changing climate parameters [56]. 
Some of these climate variables are positively correlated. The correlation be-
tween humidity and temperature and wind speed is statistically significant 
(Table 7). Since many decades, trend of climatic parameters changes has been 
increased significantly across the Kuakata coastal belt in Bangladesh (Table 8). 
Climate change is likely to increase the frequency, intensity, duration, and spa-
tial distribution of a range of extreme weather events over the coming decades 
[20]. Collaborations between climate scientists, health researchers, policy-makers, 
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as well as the disaster community, are essential for jointly developing adaptation 
strategies [57]. Tropical cyclones with 5% - 10% increases in peak wind speeds, 
and 20% - 30% increases in precipitation, have been increasing for several dec-
ades [20]. Vulnerability of coastal regions to tropical cyclones is a concern, with 
these storms causing a large amount of damage in coastal regions [58]. Climate 
change should not be addressed in an isolated manner as it has significant con-
nectivity with natural disasters [59].  

Climate change is not only a topic discussed in the physical sciences, but also 
public policy circles [60]. Increased public attention and research on natural 
disasters has led to a number of possible relationships being found between cli-
mate change and disaster incidents [61]. Natural disasters included both atmos-
pheric and non-atmospheric-related phenomena [62]. Disparities exist between 
atmospheric and non-atmospheric-related natural disasters. For instance, Hur-
ricanes making landfall in US have resulted in damages totaling 42 billion USD 
[63]. In October 2005 Hurricane Katrina, which appears to have been the costli-
est hurricane ever, made landfall and the accompanying damages were estimated 
in excess of USD 100 billion [64]. Worldwide 2005 witnessed the highest num-
ber of severe hurricanes and high intensity storms [63].  

Temperature and relative humidity are strongly correlated. The level of 
cross-correlation between air temperature and relative humidity is similar in 
different climatic zones throughout the world [65]. Tropical storms are often 
due to the delayed arrival or early retreat of south-west monsoons associated 
with low precipitation. In addition, initiation and intensification of storms may 
also result from heat waves. Seasonal temperature variations, frequent heat 
waves during summer months, and inconsistent rainfall during the rainy (mon-
soon) season, often result in recurrent natural disasters. Rainfall and tempera-
ture have a direct influence on one another [66].  

Tropical cyclones occur frequently along coastal regions, which can result in 
severe disturbances to tropical rain forests and mangrove forest. These forest 
areas are negatively affected by extreme temperature variation. Because of this 
climate variability, fragmented rain forests which are common in the coastal re-
gion are particularly vulnerable to cyclone damage [67]. Shifts in local climatic 
parameters, has negatively affected natural resources, which in turn has resulted 
large economic losses to coastal belt regions worldwide. In the coastal belt of 
Bangladesh, tropical storms have been a leading contributor to overall declines 
in quality of life. It is highly devastating news that due to the changes of climatic 
parameters since many decades, coastal communities in Bangladesh might be 
faced severe natural disasters as well as Aila, Sidr and Mohaseen for in future.  

4.3. Mitigation of Natural Disasters  

Mitigating natural disasters includes both pre and post disaster activities.  

4.3.1. Pre Disaster Activities 
1) Early Warning Systems 
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Early warning systems (EWS) are a critical life-saving tool for storms, bush-
fires and cyclones [68]. An effective EWS includes four components: a) detec-
tion, monitoring and forecasting potential hazards; b) risk analysis; c) effective 
dissemination of storm warnings; and d) activation of emergency preparedness 
and response plans. These need to be coordinated across numerous agencies at 
both the national and community levels [69]. 

2) Afforestation 
In order to reduce storm-associated damages, it is necessary to develop sus-

tainable forestry systems along the coastal belts in Bangladesh [70]. Mangroves 
and non-mangrove coastal forests can play a vital role in reducing storm impacts 
by acting as a protective shelterbelt during extreme storm events [71]. Mangrove 
afforestation is a soft adaptation measure that has significantly contributed to 
reducing fatalities and property damage from tropical cyclones and storm surges 
in coastal areas [72]. Mangrove forests also serve to conserve and stabilize newly 
accreted land, contributing to the development of suitable environments for in-
creased biodiversity [73].  

3) Homestead and social forestation 
Cyclones are recurrent phenomena in the coastal belt of Bangladesh. To lessen 

the storm impacts to coastal communities, local Government and several non-
government institutions (Red Cross) have supplied tree saplings and seedlings 
for planting in homestead areas. This is an effective strategy for buffering coastal 
areas from high intensity storms. In coastal belts, forest systems play an impor-
tant role in reducing wind speeds.  

4) Education  
In Bangladesh coastal people are generally not conscious of the timing, fre-

quency and intensity of natural disasters, or associated hazards and existing 
protection systems [73]. Natural disasters have a profound effect on human 
health, crops, infrastructure, fish, livestock, households and natural resources. 
Education concerning these effects should be included in school curriculum to 
help facilitate awareness in communities regarding natural calamities. Ideally 
students will learn coping strategies for natural disasters. They in turn will 
communicate these lessons to their family members and the communities in 
which they live.  

5) Construction of Cyclone shelter 
Cyclone shelters are structures constructed of Reinforced Cement Concrete 

(RCC) using pillars, with the ground floor being kept open for the free flow of 
tidal surges [73]. The structural design is prepared in such a way as to withstand 
with heavy winds and squalls. When storm warnings for cyclones and tidal 
surges are announced these structures would be opened to provide safe shelter 
for local communities and livestock. The structures are vacated once the storm 
warnings are withdrawn. These structures should only be used as temporary 
cyclone shelters during emergencies and not be treated as shelters for displaced 
persons. 

6) Collaboration with cyclone research system 
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Collaborative research between meteorological centers, cyclone disaster man-
agement research institutes, and universities needs to focus on updating weather 
data and warning systems which serve coastal communities. The World Meteo-
rological Organization’s (WMO) aim is to make weather data available to tropi-
cal cyclone forecasters, and to archive data and other tools which are useful for 
monitoring and forecasting tropical cyclones [73]. Forecasters may access vari-
ous sources which provide conventional and specialized datasets/products in-
cluding numerical predictions and remote sensing observations as well as fore-
casting tools for tropical cyclone development, motion, intensification and wind 
distribution. This platform will continue to develop as new datasets and prod-
ucts become available, and will provide a means of sharing forecasting tech-
niques and best practices between cyclone forecast centers. 

4.3.2. Post Disasters Management 
1) Treatment with medicine 
Our recommendations are to re-establish and improve delivery of primary 

health care. To facilitate this, additional medical supplies and case management 
training will need to be provided to medical personnel. In order to identify dis-
aster impacts and health needs, public health responders need to be set up to 
conduct rapid disease risk assessments within the first week of a disaster. Prac-
tical, promptly applied control measures, appropriate case management and 
surveillance systems, are essential for minimizing infectious disease. Natural 
disasters and infectious disease outbreaks represent global challenges to Millen-
nium Development Goals [72]. It is an important for the general public, policy-
makers, and health officials to understand the concept that disaster does not 
transmit infectious diseases; that the primary cause of death in the aftermath of a 
disaster is non-infectious; that dead bodies (from disasters) are not a source of 
epidemic; and that infectious disease outbreaks result secondarily from exacer-
bation of disease risk factors [72]. Education on personal hygiene and proper 
hand washing procedures, as well as provision of an adequate quantity of safe 
water, sanitation facilities and appropriate shelter are important for the preven-
tion of infectious diseases during natural disasters. 2) Food supply 

Food deficits are a normal situation in disaster prone areas [72]. During dis-
asters, human and livestock foodstuffs, in addition to adequate supplies of pota-
ble water, should be immediately available to ensure human wellbeing. Food 
should be well balanced and free of contaminants. Government and NGO’s play 
a vital role in maintaining an uninterrupted food supply in disaster prone areas.  

3) Repairing roads and infrastructure 
Minimizing the impacts of floods and cyclones, and ameliorating future risks 

from similar storm events, is of vital importance. Priority areas should be identi-
fied through community engagement, consultation with local governments, the 
private sector, NGO’s, and other civil organizations [72]. This process needs to 
include capacity building and training to strengthen the government’s disaster 
preparedness by adopting cost-effective infrastructure design standards and im-
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proving early warning systems. Reconstruction of roads, highways and homes 
should begin as soon as possible following a natural disaster.  

4) Rehabilitation 
Cyclones such as Aila, Sidr and Nargis were devastating to the coastal belt re-

gion of Bangladesh. The majority of the infrastructure and dwellings were de-
stroyed during these storms. Residents lost homes, food supplies, and livestock 
due to the magnitude of these disasters. During this period, the government, 
along with other organizations, should have recorded the affected families and 
their houses. Replacement dwellings in disaster prone areas should be designed 
and constructed appropriately. Displaced people should be resettled in the new 
homes as quickly as possible.  

5) Supply of agriculture seeds, fish and livestock into the affected regions 
The economic cost of natural disasters, like cyclones, has been extremely high. 

Amongst these losses are agriculture crops, fish, and livestock. In this situation, 
government and non-government institutions need to come up with an umbrella 
strategy to supply seed, fish and livestock to affected people. Plant seedlings 
should be distributed and cultivated depending on the disasters longevity.  

6) Building awareness 
Natural disaster preparedness plans and coping strategies must include access 

to accurate forecasts for disaster prone areas. These strategies need to be disse-
minated to communities through the implementation of seminars and work-
shops. This will allow local people to learn about mitigation techniques and bet-
ter adapt to natural disasters. Local communities will in turn inform disaster 
management strategies through the disaster management bureau and volunteer 
groups.  

5. Conclusion 

Bangladesh has experienced numerous natural disasters over the last three dec-
ades. The effects of tropical cyclones on crops, humans, fish, livestock and 
households are particularly devastating in the coastal belt. There were many fa-
talities during tropical storms Sidr and Aila. During these disasters 910.94 and 
973.69 ha in crop production were damaged or destroyed. Total losses of cattle 
(1207), goats (3312), chickens (6853), ducks (1659), buffalo (101) and sheep (142) 
were noted. Regular monitoring of climatic parameters needs to be connected 
with natural disasters. We recommend early warning systems, afforestation 
projects, the construction and repair of more shelter sites, connectivity between 
natural scientists and policy makers, and dams and levees in coastal areas. Prop-
er management of the coastal belt is important for the economic development of 
Bangladesh. This research will be significantly helpful for the national develop-
ment across the coastal belt in Bangladesh as well as throughout the world.  
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