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Synopsis of the Findings 

Bangladesh regularly faces different types of climatic hazards such as floods, cyclones, heat waves, 

cold waves, droughts, storms, hail storms, shoreline recession, tidal surges, salinity intrusion, 

riverbank erosion and relative sea-level rise. Rainfall variability is the key driver for climatic hazards in 

Bangladesh. Heavy rainfall causes floods, flash floods & landslides and the high rainfall variability 

causes drought in Bangladesh. Floods, cloudburst (sudden heavy rainfall), heat stress, rainfall 

variability and heavy rainfall induced water-logging are the common climatic hazards in urban areas 

of Bangladesh. The southern Bangladesh will be more exposed to both temperature & wind-driven 

climatic hazards while the north-western Bangladesh will be more exposed to rainfall driven climatic 

hazards. In Bangladesh, poverty-stricken people, floating populations, daily laborers and slum dwellers 

are highly exposed to multiple climatic hazards. Women are more vulnerable to climatic hazards than 

men in Bangladesh. 

 

The climate of Bangladesh is warming at 1.5 times faster rate than global average warming. The annual 

mean temperature in Bangladesh is expected to increase around 20C by 2050. The mean sea level 

rising trend in Bangladesh is around 4 times higher than the global trend. Bangladesh is exposed to 1 

cyclone, 145 severe local convective storms and at least 6 tornados per year. In every decade, 60% of 

the total area of Bangladesh is exposed to at least one extreme flood hazard. Bangladesh receives 

two-fifths of total storm surge impacts in the World. Bangladesh also receives the strongest 

thunderstorms and hailstorms in the World. Death tolls from tornados & hailstorm in Bangladesh are 

the highest in the World. The annual mortality rate from lightning in Bangladesh is 2.4 times higher 

than the World average. Rural populations are 9 times more exposed to lightning injury than urban 

populations in Bangladesh. Riverbank erosion in Bangladesh is related to the unpredicted monsoonal 

river flows due to the changes in the rainfall pattern, rainfall and deltaic topography. Almost one-tenth 

of the displaced people due to riverbank erosion migrates in urban areas and two-third people migrate 

permanently to nearby villages. Around 200,000 people per year are exposed to riverbank erosion in 

Bangladesh. About 20 of the 64 districts in the country are exposed to riverbank erosion. 

 

The frequency and intensity of heavy rainfall events in Bangladesh will be increased in the future due 

to global warming, which may increase flood, flashfloods and landslides. The increased flood 

frequency will reduce water quality & safe water access and increase water borne infectious diseases 

in Bangladesh. The frequency and intensity of drought is expected to increase in coming years due to 

the high variability of rainfall. The northern and north-west regions of Bangladesh will be exposed to 

drought in every 2 years and also to cold waves in every year during the winter season. Bangladesh 

will be receiving one severe cyclone hits in every 3 years. The cyclone high risk areas in Bangladesh 

will increase by 40% and expose more than 20 million people at risk of cyclone in the 2050. The 

increase in frequency and intensity of different climatic hazards such as riverbank erosion, coastal 

erosion, cyclone, sea-level rise, saltwater intrusion, storm surge and drought, will accelerate the rate 

of climate-induced human displacement & forced migration in Bangladesh. By the year 2050, nearly 

0.9 million people could be forced to migrate as a result of direct inundation from sea level rise. Every 

year nearly 4000 hectares of new land in coastal area could be exposed to salinity hazard. The 

population exposed to high salinity is expected to increase around 14 million in 2050. More research 

is required on multiple-hazard assessment, hazard intensity scales, drought, climate-induced 

displacement, groundwater salinity and rainfall variability in Bangladesh.   
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Introduction 

Climate is the average condition of the atmosphere at a particular area over a longer period. The 

average status of the climate variables such as temperature (degree of atmospheric hotness & 

coldness), wind (air flow over the Earth surface), humidity (moisture content of the atmosphere) and 

rainfall (amount of precipitation in liquid form falling over a specific area) are generally used to identify 

the average condition of the atmosphere. Any deviations in the average climate variables in a specific 

location may causes changes in the climate of that location. A changing climate may influence the 

frequency and magnitude of extreme weather events or climatic hazards (Coumou & Rahmstorf 2010; 

IPCC 2012).  The climate of Bangladesh is mainly influenced by hydrological cycles & processes of three 

large river basins; the Ganges basin in the northwest, the Brahmaputra basin in the northeast and the 

Meghna basin in the east. High temperatures, heavy rainfall and wide-ranging seasonal changes 

distinguish the climate of Bangladesh from other tropical regions. Monsoon (seasonal reversal in both 

the surface winds and associated precipitation) controls the climate of Bangladesh. Generally, 

monsoon season onsets early June and withdraws by the end of September. 

 

Climatic hazard can be defined as the probability of occurrence of any climate & weather extreme 

event that have potential to cause loss of life, injury, or other health impacts, as well as damage & loss 

to property, infrastructure, livelihoods, ecosystems (IPCC 2014). Climatic hazards are potentially risky 

atmospheric phenomena (Hobbs 1987) that includes both the slow onset events (e.g., drought) and 

the fast onset events (e.g., floods, lightening, heatwaves or landslides). In most cases, a climatic hazard 

event may create or influence other climatic hazards (Marzocchi et al., 2009). For example, storm 

surges are associated with tropical cyclone. Lightning occurs with all thunderstorms and severe 

thunderstorms spawn tornados. When climatic hazard intersects with the human environment, it 

turns into disasters. Climatic hazards can cause adverse impacts on vulnerable elements exposed to it 

(Balica 2012; Esnard et al., 2011). Knowledge about climate-related hazards and their interactions with 

the existing & future population and assets in a specific location helps to plan and implement climate 

adaptation & hazard mitigation measures (Oppenheimer et al., 2014). Climatic hazards are expected 

to increase in the future (Cai et. al., 2014). 

Climatic Hazards in Bangladesh 

Bangladesh is susceptible to climate change with respect to rising temperature, high rainfall variability 

and rain shortfalls (Rahman & Lateh 2015). The climate in Bangladesh is changing or behaving 

differently and becoming more unpredictable in recent years (Hoque & Haque 2016; Rahman 2013). 

The lengths of winter, summer and rainy seasons have increased (Chatterjee & Khadka 2011). 

Bangladesh ranks the 6th among the countries with population exposed to the multi-hazards (cyclone, 

drought, and flood) and ranks 2nd for flood hazard (Elizabeth et. al., 2014). Bangladesh regularly faces 

different types of climatic hazards such as floods, extreme temperatures, droughts, storm surges, 

tornados, thunderstorms, hail storms, shoreline recession, riverbank erosion tidal surges, landslides, 

salinity intrusion, coastal erosion and tropical cyclones (Alam & Dominey-Howes 2014a; Burkart & 

Kinney 2017; Cecil & Blankenship 2012; Sarwar & Islam 2013). Climatic hazards are expected to 

amplify existing risks and create new risks for the people and environment in Bangladesh (Kabir & 

Golder 2017; Hossain 2011). However, the list of official natural disasters in Bangladesh has yet to 

include tornados, salinity intrusion, landslides, heat-wave and cold waves.  
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The geographical location, geological setting, near flat topography or low relief of the floodplains, low 

river gradients, low-lying deltaic land, heavy monsoon rainfall, enormous sediments discharge from 

the Himalaya and rising temperatures both at land & sea exposes Bangladesh to multiple climatic 

hazards (Ali 1996; Kabir & Golder 2017; Chakravorti 2015; Karim & Mimura 2008; Green 2009). Due 

to geological setting, Bangladesh is also at risk of earthquakes, land subsidence and tsunamis (Alam & 

Dominey-Howes 2014b, 2016; Steckler et al., 2016). The next earthquake in Bangladesh may reach a 

magnitude of 8 to 9 on the Richter scale and may impact over 140 million people (Steckler et al., 2016). 

Although the overall tectonics of the Bangladesh and adjoining region is conducive for the frequent 

and recurring earthquakes, the review has not considered earthquake and tsunamis as climatic 

hazards rather as geologic hazards.  

 

 
source: Islam & Gnauck 2008 

Rainfall-driven Climatic Hazards in Bangladesh 

Rain is a liquid form of precipitation that falls from the clouds to the Earth surface as water droplets. 

Precipitation is water in liquid or solid form that falls to Earth's surface from clouds. The main forms 

of precipitation include rain, snow and hail. In tropical climates, precipitation generally occur in the 

form of rain and the amount of annual rainfall is largely determined by the strength of the monsoon 

(Immerzeel 2008; Trenberth 2011). The possibility of experiencing rainfall-driven water-related 

challenges (such as floods, droughts or ground water recharge) due to the changes in the monsoon 

strength & hydrological processes, can be referred as the rainfall driven climatic hazards.  

 

Rainfall is one of the important weather indicators of climate change. The rainfall is changing on both 

the global and the regional scales due to global warming (Dore 2005). Rainfall is a key driver for 

hydrological processes in Bangladesh (Chowdhury & Ward 2004; Jian et al., 2009). Rainfall 

uncertainties frequently lead to flood and drought hazards. The frequency and intensity of rainfall also 

leads to flashfloods and landslides. The late onset in the monsoon may shift the rainfall regime in the 

Bangladesh and may cause a prolonged dry season (Gain et al., 2011).  
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Heavy Rainfall in Bangladesh 

Rainfall in Bangladesh mostly occurs in monsoon, caused by weak tropical depressions in the Bay of 

Bengal (Rahman et al., 1997; Shahid 2010). Different studies show different percentage (%) of annual 

rainfall during the rainy season in Bangladesh, for example, approximately 72% (Ahasan et. al., 2010), 

more than 71% (Ayesha et al., 2016; Shahid 2010), more than 75% (Hossain et. al., 2014) or about 85% 

(Roy 2013) of the total rainfall.  For north-western region, around 64% of total rainfall have occurred 

in monsoon for the periods of 1981-2008 (Bhuyan et. al., 2018). The average annual rainfall in 

Bangladesh is around 2500 millimeter (mm) and the average pre-monsoon rainfall is 436 mm. The 

south-eastern part of Bangladesh receives the highest amount of rainfall, while the north-western part 

receives the lowest amount of rainfall (Alam et. al., 2018). The annual rainfall in Bangladesh has 

increased during the 1981–2007 period (Hossain et al., 2014). The annual average rainfall is increasing 

at a rate of 5.5 mm/year in Bangladesh and the maximum increase (16.5 mm/year) is observed in 

northern Bangladesh (Ayesha et al., 2016). The pre-monsoon rainfall is increasing at a rate of 2.47 

mm/year and the maximum increase is observed in northern Bangladesh by 7.44 mm/year (Shahid, 

2010). However, another study (Rahman & Lateh 2015) has identified that around 150 mm decrease 

of annual rainfall during the pre-monsoon seasons. Based on rainfall data from 1948 to 2008, one 

study has identified Jessore, Satkhira, Khulna, Narail and Bagerhat as rainfall stressed districts (Sarker 

& Ahmed, 2015). Another study based on annual rainfall data from 1981 to 2010, has identified 

Rajshahi, Faridpur, Dhaka, Sylhet, Kushtia and Barisal districts as rainfall stressed districts but not the 

Jessore district (Ayesha et al., 2016). Based on the literature review, the study considers that, of the 

total annual rainfall, only 2% occurs in the winter season; 71% in the monsoon or rainy season, 19 % 

in the summer or pre-monsoon season and 8% in the post-monsoon or autumn season. Besides, if the 

sea surface temperature of the Bay of Bengal increases during pre-monsoon months, it may increase 

pre-monsoon rainfall in Bangladesh. Intensity of heavy rainfall events in Bangladesh will be increased 

in the future due to global climate change (Shahid 2010; May 2004). The increased rainfall may change 

both the height and timing of flood. 

Rainfall Variability in Bangladesh 

Rainfall variability is one of the most significant characteristics of the climate of Bangladesh. Rainfall 

variability is the annual or seasonal fluctuations of rainfall occurrence above or below a long-term 

average value. The inter-annual rainfall is highly variable (16%–24% variation) across the entire 

country (Shahid & Khairulmaini 2003). The annual rainfall also varies significantly throughout the 

country with a range of 1270–5000 mm (Hossain et al., 2014). In Bangladesh, the average monthly 

rainfall decreased in February, April, May, August and November; increased in July, September & 

October and remained nearly unchanged in the January, March, June & December (Ayesha et al., 

2016). High rainfall variability together with low rainfall made the northern part of Bangladesh into a 

drought prone area, whereas low rainfall variability and high rainfall made the south-western coastal 

region into a humid area. Rainfall is a major influencing factor for crop production (Haque 2009). 

Rainfall in pre-monsoon is very important in northern and north-western parts of Bangladesh because 

it helps to increase crop productivity in the region (Shahid 2010). A deeper understanding of the spatial 

and temporal variability of rainfall patterns can support water management, agricultural development 

and disaster management and adaptation planning in Bangladesh (Rahman et al., 1997; Rafiuddin et 

al., 2010).  
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Floods in Bangladesh 

Flood is a common climatic hazard in all regions of Bangladesh. The monsoon rainfall drives the flows 

of the Ganges, Brahmaputra and Meghna rivers, consequently causes floods in Bangladesh during the 

monsoon season (June to September). Floods in Bangladesh are mainly driven by the Brahmaputra 

river, though the Ganges and Meghna rivers play secondary roles (Hofer & Messerli 2006; Mirza 2011). 

Heavy monsoon rainfall, low floodplain gradient, high astronomical tide and congested drainage 

channels causes severe floods in Bangladesh. Most of the low-lying coastal areas of Bangladesh are 

susceptible to flooding even under normal astronomical tide conditions (Jisan et al., 2018) and strong 

tidal effects sometimes travel 200 km upstream from the coast (Dasgupta et al., 2015). During the 

monsoon period, the high astronomical tide usually penetrates landward very frequently and overflow 

saline water surrounding the coastal region. On June 11th, 2007, more than one-third of Chittagong 

was flooded due to high tide. 

 

In 1988, flood inundated 60% of the country for 67 days, affected 45 million people, caused loss of 

more than 2300 human lives and damaged assets worth of US$12 billion (Liong et al., 2000; Hofer & 

Messerli 2006). Seasonal shallow flooding (up to 90 cm flood depth) affects around 64 % of the total 

coastal area of Bangladesh (Minar et al., 2013). Barisal, Chandpur, Gopalganj, Jhalokati, Narail, 

Pirojpur and Shariatpur districts are most vulnerable to flood hazard, where flood can affect more 

than 50% areas of the districts (Sarker & Ahmed 2015). During the summer or pre-monsoon season 

(March-May) flash flood occurs in the north-eastern part of Bangladesh due to heavy rainfall. Extreme 

rainfall is the main source of flash floods in the hilly areas. Flash floods occur mostly in the Kishoreganj, 

Netrokona, Sunamgonj, Sylhet, Moulvibazar, Chittagong, Bandarban, Khagrachhari and Rangamati 

districts. Flash floods sometimes occur in the Rajshahi, Dinajpur and Rangpur districts. 

 

Flooding is expected to increase in the future as a result of climate change (Bruwier et. al., 2015). The 

total flooded area in Bangladesh may increase by 6%, 10%, and 20% for a sea level rise of 15 cm, 27 

cm and 62 cm respectively (World Bank 2010). Flood risk area in Bangladesh would be 15.3% greater 

than the present risk area and depth of flooding would increase by as much as 22.7% within 20 km 

from the coastline, if a storm surge happens with 0.3 m sea-level rise (Karim & Mimura 2008).  

Landslide & Subsidence 

Landslide is one of the most common natural hazards in hilly environments (Chisty 2014). Climate 

induced landslides often occur in the areas composed of unconsolidated rocks or in areas where slope 

saturation occurs due to excessive rainfall. During the monsoon season, landslides occur frequently in 

the hilly regions of Bangladesh and causes deaths, loss of homes & damage of assets. During the last 

five decades, 12 landslides had occurred in the southeast hilly region of Bangladesh (Sarker & Rashid 

2013). On June 10th, 2007, very heavy rains (more than 425 mm rainfall in 24 hours) had resulted flash 

floods and mud slides in the deforested hills near Chittagong, which made at least 130 people dead 

(Ahasan et al., 2013). On 12 June 2017, heavy monsoon rain over 343 millimeters triggered a series of 

landslides and floods in three hilly districts (Rangamati, Chittagong and Bandarban) of Bangladesh and 

killed at least 152 people. Increase of severe monsoon wet months may accelerate the landslide 

events in the southeast hilly region of Bangladesh (Shahid 2010). Although the subsidence in 

Bangladesh is largely due to tectonic movements in the region (Brammer 2014), higher rates of 

subsidence are often found in urban areas due to groundwater abstraction (Brown & Nicholls 2015). 
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The average net subsidence rate in the coastal regions of Bangladesh is 5.6 mm/year. The highest 

subsidence rate (18 mm/year) was found in south-western Bangladesh (Higgins et al., 2014). 

Droughts in Bangladesh 

Drought occur in almost all climatic regions of Bangladesh due to the high rainfall variability (Alamgir 

et al., 2015; Mondol et al., 2016). Drought had occurred 29 times in Bangladesh during the 1950–2011 

period. Drought occurs in Bangladesh on an average of 2 to 2.5 years (Mondol et al., 2017; Hossain 

1990). Devastating droughts are projected to increase in frequency (Niang et al., 2014). Drought is 

more prominent in northern, north-western and south-western regions of Bangladesh (Mondol et al., 

2017). During the pre-monsoon period, drought frequently occur in northern and north-western parts 

of Bangladesh (Shahid& Behrawan 2008). In the eastern part of Bangladesh, drought mainly occurs 

during November to March and sometimes in April, September, and October (Keka et al., 2012). The 

Chittagong Hill tracts are drought prone and experience dryness for at least 7 months of the year and 

mostly from November to May (Abedin et al. 2012). Based on the literature review, it can be opined 

that Bangladesh is exposed to drought hazard in almost every 2 years. 

 

The ongoing desertification process in the north-western part of Bangladesh is increasing (Shahid & 

Behrawan 2008). The frequency and intensity of drought have been continuously increasing in recent 

years and affecting agricultural production in Bangladesh (Abedin et al., 2012). In severely drought 

prone areas, yield losses generally varies from 35 to 45 percent depending on rainfall, soil types and 

planting time of the crops but in moderate drought prone areas, yield losses fluctuate from 20 to 35 

percent (Karim 1996). Although droughts are natural occurrences, their impact can be mitigated and 

their adverse effects may be minimized by using advanced knowledge and technology (Das 2000). 

Wind-driven Climatic Hazards in Bangladesh 

Wind direction (direction from which wind blows) and wind speed (rate of air movement as kilometers 

per hour or meter per second) are the vital indicators of the atmospheric circulation. Cyclones, 

tornados, and thunderstorms are wind-driven climatic hazards (Gomes & Vickery 1978). Over 70% of 

the damage and deaths caused by the nature are due to the wind (Ulbrich et al., 2013).  

Cyclones, Tropical Storms and Storm surges in Bangladesh 

Cyclones are revolving tropical storms formed by low pressure systems. Low pressure system evolves 

due to the changes in sea surface temperature, wind speed, humidity and rainfall. With the increasing 

sea surface temperatures due to global warming, tropical cyclones are likely to become more intense 

and more wide-spread. Cyclone intensity and frequency impacts are highly region specific. Storm 

surge is the increase in water surface height above normal tide in coastal areas due to strong wind-

driven wave motion over a long stretch of open water. Pressure, direct wind, Earth’s rotation, waves 

and rainfall effects cause the sea water level rise under storm conditions. Storm surge is generally 

associated with tropical storms and cyclones.  

 

Geographically, Bangladesh is located in a cyclone-prone area. Every year, seven (07) cyclones and 

depressions crosses the coast of Bangladesh (Alam et.al., 2003). In the coastal areas of Bangladesh, 

one (01) cyclone hits in every year (Quader et. al., 2017) and at least one severe cyclone hits in every 

3 years (Ahammad et. al., 2013).  
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The Noakhali-Chittagong Coast is the most vulnerable area for the landfall of cyclones and receives 40 

% of the total cyclones in Bangladesh. The Chittagong-Cox Bazar Coast receives around 27% cyclones 

(Rahman 2001). In the 1960s, about 7% of the annual global tropical storms had occurred in the Bay 

of Bengal (Gray 1968). During the 1797-1991 period, Bangladesh had faced 59 severe cyclones, 32 of 

which were accompanied by storm surge (Chowdhury et.al., 1993). During the 1960-2007 period, 

around 18 severe cyclones had struck the coast of Bangladesh and caused around 718,000 deaths 

(Ubydul et. al., 2012). The deadliest tropical cyclone in Bangladesh was the 1970 Bhola Cyclone, which 

had a death toll of up to 300,000. At least 138,000 people were killed and as many as 10 million people 

were made homeless during the 1991 Cyclone. Although the number of casualties caused by recent 

major cyclones decreased since 1991, the probability of human loss due to future cyclones remains 

significant (Mallick et al., 2011). Deaths and destruction during the cyclones in Bangladesh are 

primarily attributed to storm surge waves (Chowdhury et.al., 1993). 

 

Climate change would increase the frequency of tropical cyclones with high wind speeds and heavier 

rainfall in Bangladesh (Khan et al., 2011). Since 1970, intensity and frequency of tropical cyclones have 

increased in Bangladesh due to climate change (Sivakumar & Stefanski 2011; Karim & Mimura 2008). 

If the cyclone high risk area increases, then the penetration of the cyclone will be more towards the 

inlands and expose more population at risk of cyclone in Bangladesh. Currently about 8.3 million 

people live in cyclone high risk areas and this will increase to 20.3 million by the 2050. (Tanner et. al., 

2007). Loss of lives & livelihoods, damage to agriculture, infrastructure, settlements and disruption of 

communication networks are the major impacts of cyclones in Bangladesh (Haque & Jahan 2016; Shaw 

2013; Sivakumar & Stefanski 2011). The cyclone high risk areas in Bangladesh will increase by 35% and 

40% in the 2020s and 2050s, respectively due to the increase in the storm surge height and wind 

velocity (CEGIS & DoE 2011). With a sea level rise of 62 cm, the cyclone-induced storm surges will 

inundate an additional 15 % of the coastal area of Bangladesh by the year 2050 (World Bank 2010). 
 

District-wise Exposure of Storm Surge Risk in the Coastal Zone 

 Area (%) with more  
than 1m Storm Surge 

Area (%) with less  
than 1m Storm Surge 

Total Area with  
Storm Surge (%) 

Bagerhat 57.52 10.11 67.63 

Barguna 84.82  84.82 

Barisal 60.74 10.43 71.17 

Bhola 57.31  57.31 

Chandpur 5.10 0.44 5.54 

Chittagong 34.58  34.58 

Cox's Bazar 32.78  32.78 

Feni 73.44  73.44 

Jhalokati 94.02 1.55 95.57 

Khulna 31.89 12.42 44.31 

Lakshmipur 58.15 6.97 65.12 

Noakhali 78.76 2.31 81.07 

Patuakhali 76.54  76.54 

Pirojpur 77.41 10.23 87.64 

Satkhira 29.52 2.83 32.35 

Shariatpur 25.87 0.59 26.46 

Source: adapted from Sarkar & Ahmed 2015 
 

According to the Bangladesh Meteorological Department, in the last 44 years, 269 depressions and 

storms formed during January 1974 to May 2018. Bangladesh is on the receiving end of about two-
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fifths of total storm surge impacts in the world (Dasgupta et.al., 2010). The low-lying coastal areas of 

Bangladesh is frequently flooded by storm surges associated with tropical cyclones (Jisan et al., 2018). 

Flooding in a large area highly depends on the timing of cyclone landfall and its coincidence with the 

high tide (Flather 1994). Storm surge amplifies as it approaches the coast due to high astronomical 

tide and the shallow continental shelf of the Bay of Bengal (Hussain et.al., 2017).  

 

 Rank of most vulnerable coastal districts due to Storm Surge Risk 

Ranks Ranks based on % of Total 
Storm Surge Risk Area 

Ranks based on Risk Area 
with >1m Storm Surge 

Ranks based Risk Area with 
<1m Storm Surge 

1.  Jhalokati Jhalokati Khulna 
2.  Pirojpur Barguna Barisal 
3.  Barguna Noakhali Pirojpur 
4.  Noakhali Pirojpur Bagerhat 
5.  Patuakhali Patuakhali Lakshmipur 
6.  Feni Feni Satkhira 
7.  Barisal Barisal Noakhali 
8.  Bagerhat Lakshmipur Jhalokati 
9.  Lakshmipur Bagerhat Shariatpur 
10.  Bhola Bhola Chandpur 
11.  Khulna Chittagong  
12.  Chittagong Cox's Bazar  
13.  Cox's Bazar Khulna  
14.  Satkhira Satkhira  
15.  Shariatpur Shariatpur  
16.  Chandpur Chandpur  

 

More than two-fifth (45%) of the coastal areas in Bangladesh is currently under threat from cyclonic 

storm surges of more than 1 meter high (Sarker & Ahmed 2015). In Bangladesh, 13 districts (Bagerhat, 

Barguna, Barisal, Bhola, Chittagong, Cox’s Bazar, Feni, Jhalokhati, Khulna, Lakshmipur, Noakhali, 

Patuakhali, and Pirojpur) are vulnerable to storm surge of more than 1 meter. Even, for a storm surge 

of less than 1 meter, Bagerhat, Barisal, Khulna, Lakshmipur and Pirojpur districts are at risk (Sarker & 

Ahmed 2015). 

Tornados in Bangladesh 

Tornado is a violent windstorm that form over land. A tornado is a high wind speed driven rotating 

funnel-shaped column of air that connects cloud with Earth surface. The intensity of wind speed and 

magnitude of atmospheric pressure difference between the tornado and its surroundings determines 

the level of tornado damages. Seasonal windstorms often become tornados. Bangladesh, due to 

geographical location, faces more than 6 tornados in a year (Shahadat & Jubayer 2016). Most of the 

devastating tornados in Bangladesh, generally happen at the afternoon and evening in April (Yamane 

et. al., 2010, 2013). About one-third tornados had occurred at night. One study (Ono 2001) has pointed 

out that during the 1967–1996 period, Bangladesh has experienced 191 tornados (on average 6.4 

tornados per year) and the death toll was 5,373 persons (on average 179 loss of human life per year). 

However, in 1998, Bangladesh had faced 15 tornados (Ahmad & Kabir 2001). In 1989 & 1996, tornados 

have affected more than 10 million people in Bangladesh (Ono 1997; Hossain & Karmakar 1998). Death 

tolls from tornados in Bangladesh are the highest in the world due to lack of storm warnings, poor 

communication, weak housing and lack of shelters from strong winds (Ono & Thomas 2011). About 

90% of the deaths by tornado occurred in April. On April 26, 1989, a single tornado in the Manikganj 

district killed over 1,000 people (WMO 2017) and on April 14, 2004, tornados have killed at least 111 

people in Mymensingh and Netrokona districts and on May 13, 1996, tornado killed at least 600 
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people in the Jamalpur and Tangail districts (Kunii et al., 1996; Paul 1998; Paul & Bhuiyan 2004). Apart 

from death, tornados also damage crops, livestock, buildings, impact mental health of the population 

and cause high fatalities, especially among the elderly (Choudhury et al., 2006; Paul 1998; Sugimoto 

et al., 2011). The high pressure of tornado wind easily torn up the house made of bamboo, simple 

wood and corrugated iron, aluminum or copper sheet. In 1996, tornados had destroyed 30,000 homes 

in the north-central Bangladesh (Paul & Bhuiyan 2004).  

Severe Local Windstorms in Bangladesh 

Seasonal windstorms (the strong convective straight-line winds) are common in Bangladesh during 

March-May. In Bangladesh, during 1990–2005 period, on average 145 severe local convective 

windstorm events occur per year (Yamane et al. 2010). The yearly death toll from severe local 

windstorms is about 80 people, injury is about 1000 and makes thousands of people homeless every 

year (Peterson & Dewan 2002). Severe local windstorms cause great losses to agriculture and damage 

to homes and infrastructure in Bangladesh. In urban slums and rural areas, even minor local 

windstorms can cause havoc because of the typically weak house construction. 

Thunderstorms and hailstorms in Bangladesh 

Bangladesh Meteorological Department classifies heavy thunderstorms accompanied by hailstorms as 

a major hazard for Bangladesh. Thunderstorms and hailstorms in Bangladesh are among the strongest 

in the world (Cecil & Blankenship 2012). Large hail is fairly common during severe local storms in 

Bangladesh (Frisby & Sansom 1967). Bangladesh is one of the top countries of the world, in terms of 

largest numbers of human deaths and injuries from hail (Ono et al., 2011). The heaviest hailstone (1.02 

kg) recorded worldwide weighed was found near Khulna district of Bangladesh on April 14, 1986 

(WMO 2017). In April 14, 1984, hailstones as heavy as 1 kg had killed 92 people in Gopalganj district 

of Bangladesh (Ismailov 2014). On March 19th, 2017, hailstorm occurred at Kurigram District around 

4:30pm and lasted for less than an hour but caused huge damages to crop fields, and buds of mango 

and litchi plants. On 25 February 2016, hailstorm with sever lightning caused the death of 10 people 

in Chittagong, Barisal and Dhaka districts of Bangladesh. On 30 March 2018, three people were killed 

after being hit by thunderbolt and hailstorm while 20 others were also injured around 5pm in Magura 

and Dinajpur districts. Hailstorm also damaged crops and houses in Lalmonirhat, Jhenaidah, 

Thakurgaon, Rajshahi and Meherpur on 30 March 2018.  

 

In Bangladesh, the severe thunderstorms (nor’westers or kalbaishakhi) strikes during the pre-

monsoon season. The thunderstorms during the pre-monsoon season depends on the supply of moist 

air from the Bay of Bengal. The thunderstorm begins in the north-eastern and eastern parts of the 

country by the first week of March; then moves westward, and becomes significant in the western 

part of the country in late May or early June. Thunderstorms are most common in the afternoon and 

overnight (Peterson & Dewan 2002). Thunderstorms causes fires and injuries (Okafor 2005). 

Thunderstorm is one of the key sources of pre-monsoon rainfall of Bangladesh (Hossain et al., 1987, 

Rafiuddin et al., 2010).  

Lightning in Bangladesh 

Lightning is one of the most dangerous natural hazards (Zhang et al., 2011). After the fatal lightning 

event in May 2016 that caused 81 deaths, the Bangladesh government declared lightning to the 

country’s list of official types of natural disasters. The maximum lightning incidents over the entire 
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Indian subcontinent occurs in the central part of Bangladesh with 40 lightning strikes per square 

kilometer during the pre-monsoon months (Ranalkar & Chaudhari 2009). Most parts of Bangladesh 

have a high lightning rate with 20-30 lightning strikes per km2 per year. Lightning strikes throughout 

the year, but the fatality rate peaks during the pre-monsoon months (Gomes et al., 2006, 2012; Holle, 

2008). A single lightning bolt killed 9 and injured 23 in a hut in north-eastern Bangladesh on February 

16, 2006 (Gomes et al.  2006). On average, 300 people die every year in Bangladesh due to lightning 

and around 43% of lightning injuries occurred between 12 noon & 6 pm (Biswas et al. 2016).  

 

The incidence of lightning fatalities in Bangladesh is higher than in high-income countries (Holle 2010). 

Worldwide, mortality from lightning is estimated at between 0.2 to 1.7 deaths per million people 

(Forster et al.2013) whereas, the annual mortality rate from lightning in Bangladesh is around 4 deaths 

per million people (Biswas et al. 2016). Rural populations are more vulnerable to lightning injury, with 

9 time’s higher risk, than urban populations (Biswas et al. 2016). People living in rural communities in 

Bangladesh have a number of misconceptions including religious myths and superstitions, as well as 

social stigma attached to lightning injuries (Sumangala & Kumar, 2015). 

Temperature-driven Climatic Hazards in Bangladesh 

Temperature is a key driver of cold spells, heat waves and glacial melt. Temperature also determines 

the physical state of water. Temperatures decrease with height. Most organisms cannot live in 

conditions in which the temperature remains below 0 °C or above 45 °C for any length of time. Surface 

air temperature is the temperature of the air at a height of around 2 meters (about 6.5 feet) above 

the surface. The surface air temperature differences between the flood plains in Bangladesh and the 

Tibetian Plateau controls the monsoon strength over Bangladesh (Li et al., 1996; Liu & Yanai 2001; 

Immerzeel 2008; Immerzeel & Bierkens 2010).  

 

The mean temperature of Bangladesh varies between 23oC to 30oC. The overall temperature has been 

increasing in Bangladesh and the rate of temperature rise will be higher in future than the present 

(Tanner et al., 2007; Rouf et. al., 2011). Since 1971, the climate of Bangladesh is warming (the rate of 

mean annual temperature rise is 0.20C per decade) at a much higher rate than the global (0.130C per 

decade) average warming (Rahman & Lateh 2015). During the past 32 years (1977-2008), the average 

annual temperature, maximum temperature and minimum temperature of Bangladesh has been 

increased by 0.16˚C/decade, 0.2˚C/decade and 0.12˚C/decade respectively (Mukherjee et al., 2010). 

Based on 100 years data, another study has shown that the maximum temperature of Bangladesh has 

increased at the rate of 0.3˚C to 0.4˚C per decade (Ayesha et al., 2016). The maximum temperature 

had increased dramatically during the 1981-2008 period (Bhuyan et. al., 2018). The rates of 

temperature rise over the southern part of country are higher than that of the north and north-

western parts of the country (Ayesha et al., 2016). In general, an increasing trend is found in both 

summer and winter temperatures (Islam & Neelim 2010). The change in annual mean temperature in 

Bangladesh might be around 10C by 2030 and 20C by 2050 (CEGIS & DoE 2011). 

Heat Waves in Bangladesh 

Climate change is expected to increase the frequency and intensity of heat waves in the future 

(Kirtman et al. 2013). At a given temperature, high humidity increases the level of heat stress on a 

person. Heat waves in Bangladesh are associated with rise of temperature, absence of normal pre-
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monsoonal rainfall and inconsistent winds. When the maximum temperature goes above 36°C, heat 

wave situation occurs over Bangladesh. The highest maximum temperature of Bangladesh varies 

between 36oC to 40oC during the summer season. Almost all heat waves occur during the hot pre-

monsoon or summer season, between April and June. According to the Bangladesh Meteorological 

Department, the heat wave is classified as, mild heat wave (maximum temperature lies between 36-

38°C), moderate heat wave (maximum temperature lies between 38-40°C), severe heat wave 

(maximum temperature greater than 40°C). A day with temperatures exceeding 32○C can increase 

local monthly mortality rates by more than 1 percent (Deschenes & Greenstone 2011).  

 

One study (Hannah et al., 2017) has identified 39 heat-wave days (13 separate heat waves) in 23 years, 

from 1989 to 2011 in Bangladesh. In future, as the mean temperature of Bangladesh will be more than 

31˚C (Bhuyan et. al., 2018), heat wave is expected to increase mortality. Mortality increases 

significantly among the elderly, children and men in Bangladesh during heat wave (Burkart et al., 

2014a, b). Heat waves in Bangladesh are detectable up to around 10 days in advance and sub-seasonal 

forecasts of heat-wave risk may be possible by monitoring below-normal soil-moisture conditions 

(Hannah et al., 2017).  

Cold Waves & Dense Fog in Bangladesh 

Cold waves in Bangladesh are associated with sharp fall of minimum temperature and consistent chilly 

winds blowing from the Himalayas during the winter season. Although winter has become warmer 

with a significant rise in the minimum temperature by 0.45˚C (Sarker & Ahmed 2015), temperature 

during the winter season falls down sharply in the north and north-western parts of Bangladesh. When 

the minimum temperature goes below 10°C, cold wave situation occurs over the country. Bangladesh 

Meteorological Department use different categories of cold wave such as, mild cold wave (when 

minimum temperature lies between 8-10°C), moderate cold wave (when minimum temperature lies 

6-8°C) and severe cold wave (when minimum temperature goes below than 6°C) respectively.  

 

The impact of cold wave is more difficult to measure than the impact of other events such as floods 

or cyclones. The northern and north-western regions of Bangladesh frequently suffer from the cold 

waves. During winter of 2013, a cold wave affected more than two million households in Bangladesh. 

The cold wave causes suffering to the homeless people living without shelter, poor people without 

adequate winter clothes, older people, children and infants. Cold waves create respiratory problems, 

especially for children and older persons. Cold wave affects breeding performance and growth of fish 

species which reduces fish production.  

 

Dense fog from midnight to morning is a common phenomenon in winter season of Bangladesh and 

disrupt transport systems. When the air and dew point temperatures are equal it is considered as 

foggy. The cold wave combined with dense fog has an adverse impact on the agriculture because 

dense fog damage seedbeds. Dense fog also causes fish mortality in the small water bodies due to 

depletion of dissolved oxygen.  

Sea-level Rise in Bangladesh 

The changes in the volume of sea water by melting of the Himalayan glaciers due to the increasing 

temperature is expected to rise the relative sea-level of the Bay of Bengal. Different studies have 

estimated different rates of relative sea-level rise in the Bangladesh context. The mean sea level of 
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Bangladesh is rising at the rate of 5.05-7.5 mm/year (CEGIS & DOE 2011) or 2.8-8.8 mm/year (Pethick 

& Orford 2013) or 10 mm/year (Ericson et al., 2006). However, all the studies show that the relative 

sea-level of Bay of Bengal has been rising at much higher rate than global mean sea level rise (CCC 

2016; Han et al., 2010; Unnikrishnan & Shankar 2007). The global mean sea-level had raised at an 

average rate of around 3-3.4 mm/year (CCC 2016).  

 

One study has shown that the sea level has been rising at the rate of 6 mm/year to 21 mm/year in the 

coastal zone of Bangladesh (CCC 2016). The sea level rising trend is higher in the Chittagong coastal 

plain (11-21 mm/year) than the Ganges tidal floodplain (7-8 mm/year) and the Meghna Estuarine 

flood plain (6-10 mm/year) areas. It is predicted that 10 cm, 25cm and 1.0 m rise in sea level by 2020, 

2050 and 2100 may affect 2%, 4% and 17.5% of total land mass of Bangladesh respectively (World 

Bank 2000). The coastal land has been subsiding at a rate of 4 mm/year (Sarwar & Islam 2013).  The 

mean sea level rise will intensify the storm surges (Ali 1999). 

Multiple processes driven Climatic Hazards 

Multiple process driven climatic hazards evolves through the interaction of multiple climate variables 

such as rainfall, wind and temperature. For example, temperature variability, rainfall fluctuations, 

wind play a big role in spreading salinity in the coastal areas. The combined interactions of wind-

generated waves, tidal waves and currents from rivers influence the coastal erosion. 

Riverbank Erosion in Bangladesh 

Climate change through rainfall variability, changes in the river flow, rising surface water temperature 

of the rivers and glacier melting causes riverbank erosion. The increasing surface water temperature 

of the rivers due to the global warming is expected to causes massive changes in river water quality 

(Jun et. al., 2010; Rehana & Mujumdar 2011). The flow in the rivers is also expected to change, if the 

pattern and intensity of precipitation or rainfall changes (Rahman et. al., 2016). Glaciers influence the 

flow characteristics of water in rivers (Bolch et. al., 2012; Immerzeel et. al., 2012). The fast melting of 

mountain glaciers due to the increasing atmospheric temperature also changes in the discharge 

regimes of rivers and may result in floods (Bliss et al. 2014; Lutz et al. 2014). Erratic rainfall patterns 

cause disturbances in the discharge pattern of the river. Frequent heavy rainfall increases soil erosion 

along the riverbanks (Ghosh & Mistri 2015). The slope & material composition of the river banks, sea 

level rise and tidal pressure influence river bank erosion (Brammer 2014; Emran   et al., 2017). The 

unpredicted monsoonal flows cause increased erosion along the Ganges-Brahmaputra-Meghna river 

basin (Gain et al. 2013; Haque et al. 2016).  

 

Riverbank erosion in Bangladesh is often related to the monsoon flooding and deltaic topography 

(Nishat & Mukherjee 2013; Elahi et al., 1991). Riverbank erosion is considered to be the most 

damaging hazard in Bangladesh, in terms of economic losses (Alam 2017; Penning-Rowsell et. al., 

2013). River bank erosion significantly influence agricultural practices in Bangladesh by causing 

topographic changes such as local landform, soil properties, drainage and surface conditions (Sadik et. 

al., 2018).  About 20 of the 64 districts in the country are prone to riverbank erosion (CEGIS 2012).  

 

The rural population in Bangladesh is highly vulnerable to river bank erosion (Tanjinul & Jannatual 

2015). Riverbank erosion permanently causes forced displacement or internal migration of people 
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residing near river banks (Mutton & Haque 2004; Shohel & Meherun 2017). Riverbank erosion 

displaces roughly 200,000 people per year (CEGIS 2012). Almost one-tenth of the riverbank erosion-

induced displaced people migrates in urban centre (Hossain, 1984) particularly in Dhaka city (Akhter 

1984). Due to riverbank erosion, two-third people migrate permanently one union to another nearby 

union to get support from their neighbors, relatives, friends (Shohel & Meherun 2017). A large number 

of households who had agriculture as their primary occupations became labor following dislocation 

by the riverbank erosion hazard (Haque 1987). Many displaced people not only lose their homes, 

means of livelihood and assets but also their previous identity (Das 2010). However, the victims of 

riverbank erosion in Bangladesh do not receive same response from the GO & NGOs as received by 

the victims of flood, tornado and cyclone (Shohel & Meherun 2017). Riverbank erosion displaced 

people do not get media coverage, the way cyclone or flood victims get. There is no temporary shelter, 

early warning system and early evacuation process for riverbank erosion victims. There is also no 

specific government policy or plan to rehabilitate the displaced people due to river erosion. 

Coastal Erosion in Bangladesh 

The coast of Bangladesh consists of 19 districts, covers 32% of the country and accommodates more 

nearly one-third of the total population in Bangladesh. Over a period of 20 years, the south-central 

coast has accreted at a rate of 7.0 km2/year and the southwest coast has been eroding at a rate of 1.9 

km2/year (Sarwar & Woodroffe 2013). Most of the small islands has been eroding at the rate of 20 to 

105 meter per year. Barisal, Bhola, Chandpur, Lakshmipur and Shariatpur districts are highly erosion 

prone areas (Sarker & Ahmed 2015). Studies have found that an average net land accretion 7 km2 per 

year (Allison 1998) to 19.6 km2 per year (Brammer 2014) in the Bangladesh part of the Sundarbans. 

However, other studies have pointed out that Bangladesh part of the Sundarbans has been eroding 

(Allison & Kepple 2001) at the rate of about 1 km2 per year (Sarwar & Woodroffe 2013) or 4.8 km2 per 

year (Rahman et al. 2011).  

Salinity Hazards in Bangladesh 

Salinity refers to the saline content of land and water in the coastal areas. The intensity and spread of 

salinity across the coastal belt in Bangladesh are closely linked with the sea level rise, temperature 

variability, rainfall fluctuations, tidal surge, storm surge and altered riverine flows from the Himalayas 

(Dasgupta et al., 2014; Rahman et al., 2000, Yu et al., 2010). The salinity level at the Bay of Bengal is 

comparatively high during the dry season and saline water intrudes towards inland through tidal 

effects from the major rivers (Dearing et. al., 2014). The higher temperatures and sea level rise have 

a significant effect on soil salinity, in particular in delta regions (Haider & Hossain 2013). As a 

consequence of tropical cyclones, salinity intrusion has been gradually extended towards the inland 

water and soil (Mahmuduzzaman et al. 2014).  

 

More than half (53 %) of the coastal areas of Bangladesh are already affected by salinity (Dasgupta et 

al. 2014). More than three-fifth area of Chittagong (62%), Jessore (61%), Narail (66%) and Satkhira 

(96%) districts are already affected by the salinity (Sarker & Ahmed 2015). Noakhali (43%), Bhola 

(40%), Khulna (28%), Bagerhat (23%) and Cox's Bazar (24%) districts are also having more than 20% 

area affected by the salinity. Jessore, Magura, Narail, Faridpur, Gopalgonj and Jhalokhati districts have 

been affected by new salinity intrusion over the period of 1973–1997 (Sarwar & Islam 2013). In 

Bangladesh, the salinity affected area has increased by 3.5% during 2000-2009 period (Ahsan, 2010). 
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Within a decade (from 2000 to 2009), saline water intrusion increased up to 15 km north of the coast 

and reached up to 160 km inland in the dry season due to low flow from upstream rivers (SRDI, 2010).  

 

Climate change poses a major soil salinization risk for coastal Bangladesh (Dasgupta et al. 2015). Salt 

accumulation in the root zone of soil affects plant growth and crop production in coastal soil (Baten 

et al., 2015; Yadav et al., 2009). Around 30% of the coastal cultivable land are already affected by 

salinity (Minar et al., 2013). About 35400 hectares of new land was affected by various degree of 

salinity in just 9 years (SRDI, 2010). This indicates that every year nearly 4000 hectares of land in 

coastal area could be exposed to salinity hazard. With the rise of present sea level, river-sea water 

gradient will decrease which would create retardation of discharge and cause saline water to 

penetrate inward.  

 

In Bangladesh, 50% water demand is met from ground water and 50% from surface water (WARPO, 

2004). Due to sea level rise, over extraction of groundwater, upstream diversion of surface water and 

shrimp farming, the coastal Bangladesh has been experiencing a relatively rapid increase in 

groundwater salinity, river salinity and soil salinity (Dasgupta et al. 2014). Between 1970 and 2010, 

river salinity has increased from 2 to 10 times (Hossain et al. 2015). Salinity, especially in dry season is 

increasing in groundwater of the coastal areas (Rezaul et al., 2013; Adhikary et al., 2012). The area 

exposed to high salinity (>5 ppt) salinity will increase around 24% by 2050 and the population exposed 

to high salinity (>5 ppt) will be around 14 million in 2050 (CEGIS & DOE, 2011; CEGIS 2006). The salinity 

concentration of coastal surface water in 2015 was 1.6 times higher than the 2003 (Baten et al., 2015). 

Rising sea levels will lead to increased salinity in both surface and ground water (Inman, 2009; 

Brammer 2014). 

The Urban Dimension of Climatic Hazards  

Floods and heavy rainfall induced water-logging are the common climatic hazards in urban areas under 

tropical monsoonal climate. Climate change will severely affect the urban areas of Bangladesh through 

flooding, unpredictable rainfall patterns, water congestion and heat wave (Swapan et. al., 2017). Due 

to the deficient drainage & sewage infrastructures, flash floods and cloudbursts are common in the 

urban areas of Bangladesh during high intensity rainfall (Jiang et. al., 2018). A number of studies 

suggest that climate change will lead to multifaceted environmental degradation and challenges for 

sustainable livelihood in urban areas of Bangladesh including the Dhaka city (Amin & Rahman 2014; 

Araos et. al., 2016; Banu et. al., 2014; Black et. al., 2013; Swapan et. al., 2017). An increased frequency 

of fog as a result of air pollutant emissions is common in urban areas (Mohan & Payra 2009). 

Floods and heavy rainfall induced water-logging 

The floods and heavy rainfall induced water-logging are prominent climatic hazards in the urban areas 

of Bangladesh. Dhaka being a low-lying city surrounded by rivers, wetlands and more than 50 water 

channels has historically been experiencing natural floods (Mowla & Islam 2013). The city had 

experienced destructive flooding events in 1987, 1988, 1998 and 2004 mainly in the monsoon period 

due to heavy downpour (Dewan et. al., 2007). The flood vulnerability of Dhaka has increased 

significantly (Dewan et al. 2007a). Dhaka city regularly faces extensive water-logging during the 

monsoon (May to October) due to fast but uncontrolled urbanization. The normal traffic movement 

in Dhaka city is hampered if the amount of rainfall is over 25 mm (Tawhid 2004). The flood protection 
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structures of Dhaka such dykes or embankments are now creating water-logging within the protected 

city area during the monsoons, as there are insufficient drainage and water pumping systems. Dhaka 

is also vulnerable to inundation by a small rise in sea level. 

Cloudburst  

Climate change has been observed as a major driver of cloudbursts in the Himalaya (Ives & Messerli 

1989). A cloudburst is a sudden but very high intensity rainfall for a very short time over a small region 

due to accumulation of clouds (Das et al. 2006; Renoj et al. 2012). Cloudburst triggers flashfloods and 

landslides. Cloudburst is common in the urban areas of Bangladesh. In September 2004, cloudburst 

(341-millimeter rainfall) caused severe urban flooding in Dhaka (Ahmed 2008). On 28 July, 2009, 

another cloudburst (290-millimeter rainfall) caused severe urban floods in Dhaka and killed 6 people. 

On 11 June 2007, cloudburst (around 408-millimeter rainfall) in Chittagong had resulted urban 

flooding and landslide that killed at least 124 people.  

Groundwater Depletion 

The groundwater level in the Dhaka city has been dropping at an average rate of 2 to 3 meters per 

year due to excessive extraction of groundwater in the past years (Akther et al., 2009; Haque et al., 

2013). It is estimated that potential groundwater recharge for Dhaka city is 1.05 meters per year while 

the groundwater depletion rate is 2.81 meter per year (Uddin et al., 2016). This indicates that despite 

sufficient amount of rainfall, Dhaka city experiences groundwater recharge deficit at the rate of 

around 1.8 meters per year due to the expansion of the covering areas in the city at the rate of around 

4% per year. The covering areas in Dhaka city have increased by 210% within the period 1960-2014 

(Uddin et. al., 2014). This study considers that the groundwater level in the Dhaka city is expected to 

be dropped by 2 meters per year. Rain does not recharge the groundwater in the Dhaka city the way 

it should, due to the reduction of water penetrable areas in the city. The increased groundwater 

extraction contributes to the continuing land subsidence varying between 1.1 mm/year and 43.8 

mm/year in the larger urban areas (Syvitski et al., 2009; Brown & Nicholls, 2015). Dhaka is exposed to 

land subsidence hazard due to excessive groundwater extraction. 

Urban Heat Wave (Urban Heat Island) 

The urban heat island will result in an average temperature rise of 1 to 3oC due to the change in spatial 

distribution of urban land surface and the decrease in urban green space. Although the World Health 

Organization (WHO) recommends 4.23 acres of greeneries per 1000 people, Bangladesh follows an 

insufficient quantity of greeneries (0.13 acres for 1000 people in Dhaka). Increasing urban 

development will increase the ‘urban heat island effect’ by adding more heat to the climate change-

induced temperature rise. In the last 100 years, the average temperature in Dhaka has increased by 

0.50 degrees Celsius, and in the next 50 years it is expected to increase by another 1.5–2 degrees 

Celsius (RAJUK 2015). The urban heat island effect can modify the formation and enhance the 

movement of the thunderstorms in urban areas and consequently can induce more lightning (Kar & 

Liou 2014; Bornstein & Lin, 2000).  

The Impact of Exposure to Climatic Hazards in Bangladesh 

Bangladesh will be among the most affected countries in South Asia by an expected 2°C rise in the 

world’s average temperatures in the next decades, with rising sea levels and more extreme heat 
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(World Bank 2013). According to the Bangladesh Disaster-related Statistics 2015, about 13 % 

population live-in disaster-prone areas of the country. In Bangladesh, 41% of the population who are 

living in the coastal zones are exposed to multiple climatic hazards (Gain et. al, 2017; Neumann et. al, 

2015). The exposure to climatic hazards will impact Bangladesh in different ways such as increasing 

poverty, reducing agricultural production, loss and damage of productive lands as well as reduction in 

economic activities (income & investment, production & consumption and employment etc.). 

Escalation of poverty and livelihood vulnerability 

Riverine households are the most susceptible to the impact of climate-driven hazards which increases 

food insecurity and reduces household’s ability to alleviate poverty (Alam et al. 2017a; Lein 2010). 

Riverine households are also likely to be affected by flooding, riverbank erosion and water-logging due 

to their proximity to the river (Alam et al. 2017a; Alam 2017). The weak house structures and scattered 

settlements along the river generates housing-related vulnerabilities (Alam & Collins 2010). 

 

Coastal communities are already facing saline water intrusion, a slow-onset climatic hazard. The 

coastal zone of Bangladesh provides shelter, sustenance and livelihood for approximately 46 million 

people (Bala & Hossain, 2010). Due to increasing soil and water salinity, people in the coastal regions 

have been suffering from a scarcity of safe water, problems on crop production & livestock rearing 

and freshwater fish culture (Ullah & Rahman, 2014; Basar, 2012). Poverty, settlement in low-lying 

coastal areas, inadequate cyclone shelters and overdependence on traditional livelihood are major 

sources of vulnerabilities to cyclone in Bangladesh (Mallick et al. 2017). Bangladesh is highly exposed 

to the severe local storms, which may increase poverty for families or entire villages. In the changing 

scenario of sea level rise, the increasing concentration of salinity would threat livelihood, income 

generation and food security in the coastal areas (Baten et al., 2015). In Bangladesh, over 11 million 

people exposed to potential storm surge impacts by 2050 (Karim & Mimura 2008).  

Extensive damage in the agricultural sector of Bangladesh 

Bangladesh has been continuously losing agricultural land due to population growth, rapid 

urbanization, industrialization and soil salinization (Islam et. al., 2015). The changing rainfall patterns 

can have significant impacts on the sowing and harvesting times of crops. The farming system is 

strongly dependent on the timely arrival of monsoon rain and its distribution (Ahasan et al., 2010; 

Mirza & Hossain 2004). In 2010, low rainfall (30% below average levels) during the monsoon and 

excessive rainfall in the post-monsoon had caused extensive damage in the agricultural sector. The 

depletion of soil organic matter due to soil and ground water degradation are increasing throughout 

Bangladesh, which might severely affect agriculture in Bangladesh (Ali et al. 1997, Hossain 2001; 

Rahman & Parkinson 2007). A significant crop yield reduction due to tidal inundation and salinity has 

already been noticed in the coastal region during the dry season (Baten et al., 2015; Clarke et al., 

2015). Salinity causes unfavorable environment and hydrological situation that restrict normal crop 

production throughout the year in the coastal areas of Bangladesh (Clarke et al., 2015; Rahman et al., 

2014; Zahangeer et al., 2017; Tanzinia, 2016). The coastal zone of Bangladesh used to contribute for 

the 20% of the total rice production in Bangladesh (Bala & Hossain 2010; Begum & Fleming 1997).  

Agricultural lands in the coast areas are highly vulnerable to tidal flooding and storm surges (Sarwar 

& Islam 2013). By 2100, around 86% of the terrestrial land area will be exposed to storm surges in 

coastal area (Halder 2011). Erratic rainfall, high temperature, increased intensity and frequency of 

drought, salinity, floods, cyclone, tidal surge are the key reasons for rice yield reduction (20-40% yield 
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loss) in coastal areas of Bangladesh (Hoque & Haque 2016). By 2050 rice production in Bangladesh 

could decline by 8% and wheat by 32% (1990 as base year) due to higher temperature and higher CO2 

concentration (IPCC 2001). Sea level rise is likely to put serious threat to coastal agriculture by land 

submersion and salinity intrusion (Rahman et al., 2013). The southern region of Bangladesh may lose 

40% of productive land if 65cm sea level rise happen by the 2080 (Rahman & Rahman 2015).  

Expansion of Salinity Intrusion in coastal areas of Bangladesh 

Salt water intrusion through tides, coastal flooding and upward movement of saline groundwater 

during the dry season causes water quality degradation and salinization of agricultural lands, 

freshwater ponds, canals and rivers in coastal areas of Bangladesh (Brammer 2014; Mahmuduzzaman 

et. al., 2014; Dearing et. al., 2014). The upstream diversion and reduction of fresh water flow in rivers 

(Gain and Giupponi, 2014), the expansion of shrimp farming (Johnson et al., 2016; Flaherty et al., 2000) 

and the increased practice of agricultural irrigation (Yu et al., 2010) also accelerates salinity intrusion 

in the coastal areas. Within 1973-2000 period, around 0.17 million hectares of new land in the coastal 

area of Bangladesh has been affected by various degrees of soil salinity (Petersen & Shireen 2010). 

 

Increased salinity from saltwater intrusion could be the greatest threat to livelihoods and public health 

through its impacts on agriculture, aquaculture, infrastructure, ecosystems, and the availability of 

fresh water for household and commercial use in the coastal areas of Bangladesh (Dasgupta et al. 

2015). In Bangladesh, about 20 million people living along the coast are already affected by varying 

degrees of salinity in drinking water (Khan et al., 2011). Surface water and groundwater are both 

connected to major rivers along the coastal belt through various estuaries and water inlets (Rahman 

& Bhattacharya 2006). Irrigated water demand is highly affected by salinity intrusion in surface water 

(Shahid, 2010a). The intrusion of saline water in different fresh water bodies has played a significant 

role in the disappearance of some fish species in the coastal region of Bangladesh (Brucet et al. 2012).  

 

Salinity intrusion in fresh water and soil is ongoing with an increasing trend in the coastal areas of 

Bangladesh (Khanom & Salehin 2012; Ullah & Rahman 2014). Soil and water salinity are projected to 

increase because of upstream water diversions, sea level rise and climate change (Ericson et al., 2006; 

Syvitski et al., 2005; Wong et al., 2014). Salinity intrusion in river water may cause economic loss in 

terms of crop yield reduction, hampering industrial production, increasing health hazard and reducing 

growth of the tree species. Water salinity causes an increase in soil salinity which will reduce 

agricultural productivity and food security (Basar 2012). Ponds in the coastal areas are exposed to 

saline water intrusion from rivers, soil runoff and shallow groundwater.  

Rise of the climate-induced human displacement & forced migration 

Climatic hazards significantly influence migration & displacements in Bangladesh (Gray & Mueller 

2012; Alam & Collins 2010). The future size of the coastal population in Bangladesh will greatly depend 

on climate-induced displacement & migration dynamics (Szabo et al. 2015). The increased frequency 

and intensity of climatic hazards are recognized as drivers of climate-induced human displacement 

and migration (Ahsan et. al., 2011).  

 

In future, sea-level rise will force millions of people to relocate permanently by destroying low-lying 

coastal areas (Morton et. al., 2008). The sea-level rise and its associated livelihood impacts are already 

influencing internal migration and displacements within the country (Ahsan et. al, 2014). Nearly 46% 
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people were temporarily displaced and 12% people were permanently displaced due to different 

climatic hazards in four climate hotspots of Bangladesh (CDMP II 2014). In 2010, nearly 0.6 million 

people were displaced by natural disasters in Bangladesh (NRC 2008). The Cyclone Aila on 25 May 

2009, had forced around 42,000 people to migrate from Koyra (Islam & Hasan 2016). 

 

Due to the victim of different climatic hazards such as sea-level rise, saltwater intrusion, storm surge 

and drought, displaced people from the coastal region of Bangladesh are expected to continue 

migration in urban areas (Mallick & Vogt 2014). The Ganges-Brahmaputra-Meghna (GBM) delta has 

been classified as extremely vulnerable based on the number of people potentially displaced by sea-

level rise (Ericson et al. 2006). By the year 2050, nearly 0.9 million people and by the year 2100, 2.1 

million people, could be forced to migrate as a result of direct inundation from sea level rise (Davis et. 

al., 2018). Mean sea level rise will induce displacements in between 33% to 53% districts of 

Bangladesh. Barisal, Chandpur, Munshigonj, Narayangonj, and Shariatpur districts will act as the 

source for 59% of all future climate-induced displaced people due to inundation by sea level rise (Davis 

et. al., 2018). Climate change-induced displaced people are deprived from their rights, dominated by 

the local people, threatened, victimized and often face identity crisis (Rahman 2016). 

Unmanageable Urban expansion in Bangladesh 

Bangladesh is in the midst of a transition from a rural-based to an urban-based society (Herrmann & 

Svarin 2009). Bangladesh has seen a steady decrease in its rural population from 95% in 1960 to 66% 

in 2015 (World Bank 2017). Globally, urban expansion is expected to increase 1.8%-2.4% by 2030 

(D’amour et. al., 2016) whereas the urban expansion in Bangladesh is ongoing at an annual growth 

rate of 4.4% (UN 2016; RAJUK 2015). Due to rapid urbanization driven by rural-urban migration, 

Bangladesh is expected to have more than 50% urban population by 2050 (UN 2012). Dhaka, the 

capital of Bangladesh, has emerged as the fastest-growing megacity in recent times (Hossain 2013) 

and currently ranked as the world’s 11th largest megacity (UN 2016). Urban area with over 10 million 

inhabitants is considered as megacity. Dhaka megacity is also one of most densely populated cities of 

the world having a density of nearly 12,000 persons per km2 and the density in the core region of the 

city is around 50,000 per km2 (Corner & Dewan 2014). The highest urban growth in Bangladesh has 

found in Dhaka (Dewan & Yamaguchi 2009). During the period 1989–2014, the urban area increased 

20% in Rangpur district (Hassan & Mahmud-ul-islam 2015). The urban area in Kushtia city increased 

57%, followed by Jessore city at 23% and Satkhira city at 10% in between 1989 and 2010 (Chaudhuri & 

Mishra 2016). 

 

In Bangladesh, both the public and the private sector agencies are developing new urban areas and 

satellite towns on landfill and such practice are encroaching wetlands and flood flow zones (Swapan 

2016; Hossain 2014).  The demand for vertical expansion in urban areas has increased very abruptly 

due to scarcity of land and increased demand of housing for urban migrants (Alam & Ahmad, 2011). 

Every year at least 0.1 million new housing units are required in Dhaka and high-rise residential 

development has gained popularity to fulfill the growing housing demand (Seraj & Islam 2013). Each 

day the residents of Dhaka generate around 4000 tons of solid waste with a generation rate of 0.34 

kg/person/day (RAJUK 2015). Dhaka has already been affected by the indirect impacts of climate 

change, most particularly from climate-induced displacement and migration. Every year around 

400,000 people move to Dhaka and live in slums (Rahman & Mallick 2008). About 63% of the total 

population growth in Dhaka is due to in-migration (RAJUK 2015). Due to continuing urban migration, 
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population in Dhaka is growing at the rate of about 3% per year and population may reach to around 

30 million by 2030 (UN-Habitat 2016).  

 

Many studies have identified that agricultural land throughout the Bangladesh, has been converted 

into urban land within the last three decades (Hasan et. al., 2013, 2017; Uddin et. al., 2014, Ahmed & 

Hussain 2012). In 1976, the total agriculture land in Bangladesh was 67.38% of the country (Hasan et. 

al., 2013) but it was 62.2% in 2014 (Reddy et. al., 2016). This envisage that annual conversion rate of 

agricultural land to urban land in Bangladesh is around 0.14%. Nevertheless, the annual conversion 

rate of agricultural land to urban land is not uniform within the country, rather it varies at the sub-

districts within a district (Akther et. al., 2014). The highest conversion rate (1.45%) was found in Dhaka 

division and the lowest conversion rate (0.08%) was in Barisal division (Hasan et. al., 2013). The 

agricultural land decreased 40% between 1960 and 2014 in Dhaka city (Uddin et. al., 2014). 

Loss & Damage of Water bodies, Forest and Biodiversity in Bangladesh 

Rivers cover 8% and waterbodies cover 7% of the total area of Bangladesh. In Bangladesh, the water 

bodies such as rivers, khals, lakes, beel, haor, char, ponds and wetlands play significant roles in the 

livelihoods of communities as well as maintenance of biodiversity (Majumder et. al., 2013). Beel refers 

to lowlands mainly lying in the floodplains and deltaic region, while haor refers to the low-lying vast 

depression areas that flood during the monsoon and dries out in winter (Alam et. al., 2012; Khondoker 

et. al., 2014). The haor areas are mostly located in the north-eastern part of the country.  In between 

1976 to 2010, the total areas of beel and haor have slightly increased from 1.66% to 1.72% (Hasan et. al., 

2013). In a span of 28 years (1980-2008), the agricultural lands have been reduced by approximately 

50%, while the wetlands have been increased by over 500% in the Ganges delta area (Islam et. al., 

2015). Overall, water bodies increased almost 30% from 1999–2012 in southern Bangladesh (Khan et. 

al., 2015). The continuous decline of agricultural land due to salinization and the conversion of 

agricultural land into shrimp farming are considered as key reasons for increase of wetlands and water 

bodies in the coastal areas of Bangladesh (Islam et. al., 2015). However, due to shifting of rice field to 

shrimp farming and saline water intrusion, the coastal wetlands and water bodies are already under 

threat (Islam 2016). 

 

In urban areas, water bodies and wetlands have been decreasing continuously. Water bodies and 

wetlands areas in Dhaka city have been decreasing at an alarming rate during the last five decades 

(Islam et. al., 2012; Uddin et. al., 2014; Amin et. al., 2013). In between 1967 and 2010, Dhaka city had 

lost 71% permanent wetlands, 52% lowlands and 33% water bodies (RAJUK 2015). It is predicted that 

11% of wetlands in Dhaka city will be converted to build-up areas between 2020 and 2050 (Islam & 

Ahmed 2011). The green spaces including trees and gardens decreased from 35.7% to 24.1% between 

1975 and 2005 in Dhaka city (Byomkesh et. al., 2011). In overall, forest area decreased 2.32% annually 

between 1976 to 2010 and 3.12% between 2000 and 2010 in Dhaka city (Hasan et. al., 2013). Gazipur 

district has lost 20.29% forest cover in between 1989 and 2009 (Yesmin et. al., 2014). The hill vegetation 

decreased from 18.89% to 15.93% between 1989 and 2014 in Chittagong (Hussain et. al., 2016). 

Bangladesh has lost 6.2% (9054 km2) net forest cover over the past 85 years (Reddy et. al., 2016). 

 

Any changes in temperature, rainfall pattern, sea-level, frequency of storms & cyclones, atmospheric 

CO2 concentration and ocean circulation pattern are likely to affect growth and spatial distribution 

mangrove forests (Gilman et al., 2008; Ghosh et. al., 2017). Although sea level rise affects the 
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distribution of mangroves in the long run, changes in temperature, rainfall and catchment runoff affect 

may reduce mangrove areas in the short term (Gilman et al., 2008). Increased salinity decreases 

primary productivity, growth, regeneration and seedling survival of the mangrove species (Ellison & 

Fiu 2010). The biodiversity of the Sundarbans is changing due to increased level of salinity (CEGIS 

2006). Approximately 62% of the Sundarbans forest is located in Bangladesh and the forest is highly 

exposed to sea level rise (Ghosh et. al., 2015). Rising temperature is expected to cause changes in 

mangrove species composition in the Sundarbans forest (Gilman et al., 2008).  

Amplification of Climate-Sensitive Diseases and Hypertension 

Climate change exposure affects human wellbeing and health in both direct and indirect ways (Leal-

Filho et. al., 2018). Direct impacts of climate change exposure on health originate from climatic 

hazards such as storms, droughts, heatwaves and floods (McMichael 2013; Watts et al., 2015). Health 

risks due to climatic hazards include gastrointestinal diseases, increase in vector-borne diseases, 

psychological effects and possibly death (Alderman et al., 2012; Lowe et al., 2013). The mortality can 

increase up to 50% in the first year after an extreme flood (Alderman et al., 2012). Droughts in 

Bangladesh lead to increased levels of gastrointestinal diseases and dysentery (Dey et al., 2012). The 

most vulnerable age for lightning injury is estimated to be between 10 and 29 years (Forster et al., 

2013). Climate change may increase climate-sensitive diseases such as dengue, cholera, malaria.  

 

Higher risk of hypertension due to saline water exposure or drinking water salinity has been found 

among pregnant women and young adults in coastal Bangladesh (Khan et al., 2014, Talukder et al., 

2017, Nahian, et al. 2018). People exposed to moderately saline (2000 mg/l) drinking water have 42% 

higher chance of being hypertensive than those who drink fresh water (<1000 mg/l). Both 

prehypertension and hypertension are higher for the 35 years & above age group. Mean salinity and 

associated hypertension prevalence are found higher for deep aquifer than the shallow aquifer 

(NIPORT et al., 2013). In Bangladesh, the age-adjusted hypertension death rate is 17.92 per 100,000 

of population, ranking Bangladesh 77th in the world (WHO, 2011). 

Challenges for addressing Climatic Hazards  

The literature review found that understanding the challenges for addressing climatic hazards has not 

received attention from the scholars and practitioners. Nevertheless, this review has tried to identify 

a few challenging areas that requires further research to address climatic hazards. 

Lack of Appropriate Climate Change Discourse and Problem Framing 

Discourse, framing, politics and expert perceptions of climate change plays a critical role in addressing 

climatic hazards. Discourse is an ensemble of ideas, concepts and categorizations through which 

meaning is given to phenomena and the creation of meaning shape human behavior (Hajer 1995; 

Foucault 1979). Discourse helps to understand the magnitude and interrelationships of problems. 

Problems is the outcome of a discursive struggle between conflicting interests. Framing describes how 

an issue is defined, problematized and interpreted (Johnston & Klandermans 2003). Problem framing 

as an integral part of policy discourse, try to define the available policy options by highlighting certain 

options while obscuring others for providing solutions (Bacchi 2012).  The uses and abuses of climate 

change discourse by powerful interests are common in Bangladesh (Siddiqi & Rai 2013). A climate 

change model that focuses on mainly the natural processes is not suitable for a complex region like 



 23 

Bangladesh (Gill & Malamud 2016). To mitigate the impact of natural hazards on mortality, the focus 

in Bangladesh has mostly been on cyclones, tornados and flooding (Paul 1998; Alam & Collins, 2010; 

Paul et al., 2010). The cyclone risk reduction approach in Bangladesh is more focused on saving lives 

(Haque et al. 2012). 

False Sense of Security within the Community 

Coastal embankments in Bangladesh were constructed to prevent damages from low-intensity storm 

surges as well as the high tides associated with cyclones (Khan 2008). However, the presence of coastal 

embankments has created a false sense of security within the community, which was reflected in non-

compliance behavior of the community with government cyclone evacuation orders during recent 

cyclones (Paul & Dutt 2010; Saha & James 2016). The people in the cyclone affected area often do not 

follow evacuation orders because of their lack of trust in the warning system, ignorance, limited 

capacity of cyclone shelters and no space for livestock in the cyclone shelters (Saha & James 2016). 

People who live on river Islands (chars) in Bangladesh often do not perceive flood as a major risk. 

Lack of Research to Understand, Assess and Mitigate Climatic Hazards 

A deeper understanding of the characteristics and distribution pattern of rainfall will support water 

management, agricultural development and disaster management planning in Bangladesh (Kabir & 

Golder 2017). Various studies have tried to examine rainfall variability or trend to make future 

projections. Nevertheless, most of these researches are either conducted over the whole country and 

generalizes overall feature not focusing on physiographic and environmental issues of specific region 

or over a specific season or not considered the impact perceived at local level (Kabir & Golder 2017).  

 

Majority of the research has focused on flood and losses from intensified storm surges (Dasgupta et 

al. 2015). Despite the recurrent and devastating nature of drought in different areas of Bangladesh, it 

has received far less attention compared to flood. Majority of the drought researches are mainly 

focused on agricultural drought. As the explicit and decisive causal linkages with migration are difficult 

to identify, very little research has been conducted to find out nature of population displacement 

linked with climate change (Siddiqui 2018). Although a multi-hazard map on larger scale (district-wise) 

can help to easily identify vulnerable districts, studies regarding multiple-hazard assessment are very 

limited in Bangladesh (Uttama et al., 2016). Understanding the physical and economic effects of 

salinity diffusion and planning for appropriate adaptation will be critical for long-term development 

and poverty alleviation in countries with vulnerable coastal regions (Brecht et al.  2012). In Bangladesh, 

however, very few studies were undertaken on groundwater salinity aspect. 

 

The combination of long-term delta dynamics, episodic extreme storm events and localized human 

intervention make it very difficult to forecast how particular sections of coast will respond to future 

climate change. The rate of relative sea-level rise is also likely to be locally variable, and a better 

understanding of this sea-level rise variability would help to depict trends in shoreline change along 

the delta front. Salinity intrusion in coastal Bangladesh has serious population health implications, 

which are yet to be clearly understood. 

Lack of Data, Information and Tools to Mitigate Climatic Hazards 

The zoning maps for some specific climatic hazards are available for Bangladesh, but historical 

database for different natural hazards is not well organized. Bangladesh lacks distinct hazard intensity 
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scales to identify the characteristics of particular natural hazards (Uttama et al., 2016). At present, 

weather forecasts for heat-wave risk are not issued in Bangladesh. Lightning deaths are not currently 

reported in the health system or in the police recording system. Although damage risk due to tornado 

depends on wind speed, data on district-wise wind speeds during different tornados occurred in 

Bangladesh are not available (Uttama et al., 2016). Besides, there is no tornado scale exists in 

Bangladesh. Given rising average temperatures, which are generally accompanied by even faster 

increases in the probability of heat extremes, developing early warning systems for extreme events 

like heat waves is a crucial component of a successful adaptation strategy for climate change (Hannah 

et al., 2017). Such a strategy should include interventions over different time scales and a mix of 

measures such as urban planning and improved infrastructure and health systems (Smith et al. 2014). 

Tidal data available for the Bangladesh coast is incomplete, erroneous and lacking adequate standards 

in collection, storage and dissemination. Furthermore, subsidence in the coastal zone is not truly 

understood. 

Lack of Understanding about the Gender Dimension of Climatic Hazards 

Women’s potentiality to mitigate climatic hazards have not explored yet. The effect of climatic hazards 

is not always same for both men and women, even if they are exposed to same hazard. Women are 

more vulnerable than men to natural hazards in Bangladesh (Ikeda 1995; Cannon 2002) due to the 

combined effect of both climate change and social factors (Biswas et al., 2016a). The climate change 

factor includes women’s exposure to climatic hazards or disasters such as cyclone, storm surge, tidal 

flood, river bank erosion, nor’easter etc. The social factor includes social arrangements and 

expectations related to status of gender, age, livelihood, availability of basic needs, social safety and 

existing social barriers to the full participation of women. The hypertension prevalence is higher 

among women (31.9%) than male (19.4%) for 35 years and older age group (NIPORT et al., 2013). 

However, hypertension prevalence high among the male population in urban areas (WHO 2011). 

Higher rates of hypertension were observed among the pregnant women in the coastal areas than the 

non-coastal areas (Khan et al., 2011, 2014). Worldwide, men are 5 (five) times more likely to be struck 

by lightning than women (Forster et al., 2013; Ritenour et al. 2008).  

Findings about the climatic hazards in Bangladesh  

Bangladesh regularly faces different types of climatic hazards such as floods, cyclones, heat waves, 

cold waves, droughts, storms, hail storms, shoreline recession, tidal surges, salinity intrusion, 

riverbank erosion and relative sea-level rise. The geographical location, geological setting, topography, 

river dynamics, rising temperature, wind pattern, rainfall variability and heavy monsoon rainfall 

exposes Bangladesh to diverse climatic hazards. Rainfall variability is the key driver for climatic hazards 

in Bangladesh. The rainfall in Bangladesh is becoming unpredictable in recent years due to the 

variability of the monsoon strength. Heavy rainfall causes floods, flash floods & landslides and the high 

rainfall variability causes drought in Bangladesh. The northern and north-west regions of Bangladesh 

are exposed to drought in every two (2) years. Bagerhat, Barisal, Dhaka, Faridpur, Khulna, Kushtia, 

Narail, Rajshahi, Sylhet and Satkhira districts are rainfall stressed districts. 

 

In every decade, 60% of the total area of Bangladesh is exposed to at least one extreme flood hazard 

(more than 90 cm flood depth). Nearly two-thirds (64%) coastal areas of Bangladesh is exposed to 

Seasonal shallow flooding (up to 90 cm flood depth). The 1998 flood could be used as a reference for 
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extreme flood hazard because it was the most extreme flood in the history of Bangladesh. Flash 

flooding in Bangladesh is more common in cities than in rural areas. More than half of the areas of 

Barisal, Chandpur, Gopalganj, Jhalokati, Narail, Pirojpur and Shariatpur districts are exposed to normal 

flood hazard.  

 

The coastal areas of Bangladesh are exposed to at least one severe cyclone hits in every three years 

and exposed to one cyclone hit per year. The South-East coast (Noakhali-Teknaf) receives two-thirds 

(67%) of the total cyclones in Bangladesh. The Noakhali-Chittagong Coast is the most vulnerable area 

for the landfall of cyclones. Bangladesh is exposed to 145 severe local convective storms and at least 

6 tornados per year. Bagerhat, Barguna, Barisal, Bhola, Chittagong, Cox’s Bazar, Feni, Jhalokhati, 

Khulna, Lakshmipur, Noakhali, Patuakhali and Pirojpur districts are exposed to more than 1-meter 

tropical cyclone induced storm surge. Bagerhat, Barisal, Khulna, Lakshmipur and Pirojpur districts are 

also exposed to less than 1-meter storm surge.  

 

Every year, 80 people die due to severe local convective storms and 179 people die due to tornados. 

Bangladesh receives two-fifths of total storm surge impacts in the world. Nearly one-fifth coastal 

people are exposed to potential storm surge impacts by 2050. Bangladesh receives the strongest 

thunderstorms and hailstorms in the world. Death tolls from tornados & hailstorm in Bangladesh are 

also the highest in the world. In most parts of Bangladesh, 20-30 lightning strikes per square kilometer 

is very common throughout the year. However, during the pre-monsoon 40 lightning strikes per 

square kilometer occurs in central Bangladesh. The annual mortality rate from lightning in Bangladesh 

(4 deaths per million people) is 2.4 times higher than the world average (1.7 deaths per million 

people). Rural populations are 9 times more exposed to lightning injury than urban populations in 

Bangladesh. In Bangladesh, every year 300 people die due to lightning. 

 

Coastal areas of Bangladesh are exposed to 6 mm to 21 mm sea level rise per year. The mean sea level 

rising trend along the coastal areas of Bangladesh is around 4 times higher than the global sea-level 

rising trend. The relative sea level rising trend is 2 times higher in the Chittagong coastal plain than 

other coastal areas of Bangladesh. The erosion along the coastline specially the small islands has been 

ongoing. The southwest coast has been eroding at a rate of 1.9 km2/year. The coastal land has been 

subsiding at a rate of 4 mm/year.  

 

Heat waves in Bangladesh are associated with rise of temperature, absence of normal pre-monsoonal 

rainfall and inconsistent winds. Cold waves in Bangladesh are associated with sharp fall of minimum 

temperature and consistent chilly winds blowing from the Himalayas in winter season. The northern 

and north-west regions of Bangladesh are exposed to cold waves in every year during the winter 

season. When the maximum temperature goes above 36°C, heat wave situation occurs over 

Bangladesh and cold wave situation occurs when the minimum temperature goes below than 10°C. A 

single cold wave can affect millions of households in Bangladesh. Bangladesh is exposed to 2 heat-

wave days per year in between April and June. 

 

Riverbank erosion in Bangladesh is related to the unpredicted monsoonal river flows due to the 

changes in the rainfall pattern, rainfall and deltaic topography. Heavy rainfall increases soil erosion 

along the riverbanks. Riverine households are the most susceptible to the impact of climate-driven 

hazards. Almost one-tenth of the displaced people due to riverbank erosion migrates in urban areas 
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and two-third people migrate permanently to nearby villages. Around 200,000 people per year are 

exposed to riverbank erosion in Bangladesh. About 20 of the 64 districts in the country are exposed 

to riverbank erosion. Barisal, Bhola, Chandpur, Lakshmipur and Shariatpur districts are highly exposed 

to riverbank erosion. 

 

Erratic rainfall, high temperature, increased intensity and frequency of drought, salinity, floods, 

cyclone, tidal surge are reducing rice yield by 20% to 40% in coastal areas of Bangladesh. More than 

half of the coastal areas and around one-third of the coastal cultivable land are already exposed to 

salinity. Every year nearly 4000 hectares of new land in coastal area could be exposed to salinity 

hazard. The salinity concentration of coastal surface water had increased by 1.6 times in between 

2003 to 2015. The intensity and spread of salinity across the coastal belt in Bangladesh are closely 

linked with the sea level rise, temperature variability, rainfall fluctuations, tidal surge, cyclones, storm 

surge and upstream water diversions or altered riverine flows from the Himalayas. The shrimp farming 

and the increased irrigation also influence salinity intrusion. During the dry season, saline water 

intrudes via tidal effects through the major rivers and causes water quality degradation. 

 

In Bangladesh, rural population has been decreasing at the rate of around 0.53% per year and if such 

trend continues, then more than half (52.5%) of the population in Bangladesh will live in urban areas 

by 2050. The urban area has been increasing in all the districts but at different rates since 1989. By 

2030, the annual growth rate of urban expansion in Bangladesh will be 2 times higher than the global 

urban expansion rate. Floods, cloudburst (sudden heavy rainfall), heat stress, rainfall variability and 

heavy rainfall induced water-logging are the common climatic hazards in urban areas of Bangladesh. 

The urban areas of Bangladesh face extensive water-logging during the monsoon and heatwaves 

during the summer. Cloudburst is causing severe flashfloods and loss of human life in Dhaka and 

Chittagong. Bangladesh is losing forest cover at the rate of 0.07% per year. The rate of forest cover 

loss is 33 to 45 times higher in urban areas than the rate of national forest cover loss. Every year 0.14% 

agriculture land is converted to urban land. The combined effect of the excessive extraction of 

groundwater and reduction of water penetrable areas, the urban areas are exposed to groundwater 

recharge deficit and continuous fall of the groundwater level at the rate of 1 to 2 meters per year. For 

example, despite sufficient amount of rainfall, groundwater recharge deficit of the Dhaka city is 

around 1.8 meters per year and the groundwater level is dropping at the rate of around 2 meters per 

year. The Dhaka city is exposed to water-logging by rainfall over 25 mm. 

 

The effect of climatic hazards is not always same for both men and women, even if they are exposed 

to same hazard. Women are more vulnerable to climatic hazards than men in Bangladesh. Women’s 

potentiality to mitigate climatic hazards have not explored yet. Women in coastal Bangladesh has 31% 

higher chance of being hypertensive than men due to their exposure to drinking water salinity. In 

Bangladesh, males were particularly 1.5 times more vulnerable to lightning injury than the females.  

 

Climate change will expose more people to the climate-sensitive diseases such as dengue, cholera, 

malaria. Climatic hazards such as storms, droughts, heatwaves and floods have direct impacts of 

people’s health and worsen existing health problems. Health risks due to climatic hazards include 

gastrointestinal diseases, increase in vector-borne diseases, psychological effects and possibly death. 

Higher risk of hypertension due to saline water exposure or drinking water salinity has been found 

among pregnant women and young adults in coastal Bangladesh. People exposed to moderately saline 
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(2000 mg/l) drinking water have 42% higher chance of being hypertensive than those who drink fresh 

water (<1000 mg/l). In Bangladesh, about 20 million people living along the coast are exposed to 

salinity in drinking water. 

 

The frequency and intensity of heavy rainfall events in Bangladesh will be increased in the future due 

to global warming, which may increase flood, flashfloods and landslides. The increase of heavy rainfall 

in the southeast hilly region of Bangladesh may accelerate the landslide events in that area. The 

increased flood frequency will reduce water quality & safe water access and increase water borne 

infectious diseases in Bangladesh. The frequency and intensity of drought is expected to increase in 

coming years due to the high variability of rainfall.  

 

Bangladesh is warming at a faster rate than average global warming. The maximum temperature of 

Bangladesh has been increasing at the rate of 0.3˚C to 0.4˚C per decade. The annual mean 

temperature in Bangladesh is expected to increase around 20C by 2050. The average temperature in 

urban areas is expected to increase at faster rate due to urban heat islands effect in the next 50 years, 

which can enhance the intensity and frequency of thunderstorms & lightning in urban areas of 

Bangladesh. The intensity and frequency of dense fog in urban areas will increase because of air 

pollutant emissions. In urban areas, water bodies and wetlands have been decreasing continuously. It 

is predicted that 11% of wetlands will be converted to build-up areas between 2020 and 2050 in the 

Dhaka city. 

 

Climate change would increase the frequency of tropical cyclones with high wind speeds and heavier 

rainfall in Bangladesh. The cyclone high risk areas in Bangladesh will increase by 40% and expose more 

than 20 million people at risk of cyclone in the 2050. The higher mean sea level will also intensify the 

storm surges in the coastal areas of Bangladesh. Two-fifth (40%) of the productive land in the southern 

region of Bangladesh is projected to be lost for a 65cm sea level rise by the 2080. Only 14.3% of the 

terrestrial land area will remain free from storm surges in coastal area by 2100. 

 

Salinity intrusion in surface water, groundwater and soil is expected to increase in the coastal areas of 

Bangladesh. The total saline affected area in Bangladesh has been increasing at the rate of 0.35% per 

year. The population exposed to high salinity is expected to increase around 14 million in 2050. Salinity 

intrusion are changing the biodiversity & productivity of the Sundarbans. Growth and spatial 

distribution of mangroves in the Sundarbans are likely to be affected by any changes in rainfall 

patterns. 

 

The increase in frequency and intensity of different climatic hazards such as riverbank erosion, coastal 

erosion, cyclone, sea-level rise, saltwater intrusion, storm surge and drought, will accelerate the rate 

of climate-induced human displacement & forced migration in Bangladesh. Barisal, Chandpur, 

Munshigonj, Narayangonj, and Shariatpur districts will act as the source for 59% of all future climate-

induced displaced people. By the year 2050, nearly 0.9 million people could be forced to migrate as a 

result of direct inundation from sea level rise. The victims of riverbank erosion in Bangladesh do not 

receive same response from the GO & NGOs as received by the victims of flood, tornado and cyclone. 

 

The uses and abuses of climate change discourse by powerful interests are common in Bangladesh. 

Majority of the research has focused on flood and losses from intensified storm surges. Drought in 
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different areas of Bangladesh has received less attention than flood. Very few studies were 

undertaken on groundwater salinity aspect. Very little research has been conducted to find the linkage 

between population displacement and climate change. Studies regarding multiple-hazard assessment 

are very limited in Bangladesh. Very few studies were undertaken on groundwater salinity aspect and 

rainfall variability at local level.  

 

The historical database for different natural hazards is not well organized. Bangladesh lacks distinct 

hazard intensity scales to identify the characteristics of particular climatic hazards. There is no tornado 

scale exists in Bangladesh. Data on district-wise wind speeds during different tornados occurred in 

Bangladesh are not available. At present, weather forecasts for heat-wave risk are not issued in 

Bangladesh. Lightning deaths are not currently reported in the health system or in the police recording 

system. Tidal data available for the Bangladesh coast is incomplete, erroneous and lacking adequate 

standards in collection, storage and dissemination.  

Conclusions 

Bangladesh recurrently faces multiple climatic hazards due to geographical location, geological 

setting, topography, river dynamics, rising temperature and heavy monsoon rainfall. In Bangladesh, 

poverty-stricken people, floating populations, daily laborers and slum dwellers are highly exposed to 

multiple climatic hazards. The cyclone, flood, drought and riverbank erosion are forcing people to 

migrate from one place to another. Abnormal flooding and rapid riverbank erosions are seriously 

disrupting human settlement in Bangladesh. The southern Bangladesh will be more exposed to both 

temperature & wind-driven climatic hazards while the north-western Bangladesh will be more 

exposed to rainfall driven climatic hazards. Climatic hazards due to both increased temperatures and 

rainfall variability, will reduce agricultural potential in Bangladesh. Climatic hazards driven human 

displacement & forced migration is already happening in Bangladesh and the rate of such migration is 

expected to increase in the future.  

 

Understanding the spatial and temporal variability of climatic hazards are crucial to manage both 

current and future climate risks in Bangladesh. Bangladesh need detailed assessments of climatic 

hazards in different physiographic regions to verify, supplement and update existing information and 

interpretations of climatic hazards. More research is required to understand cloudburst, flashfloods, 

drought, rainfall variability, heat stress, monsoon strength, groundwater salinity, climate-induced 

forced migration. Bangladesh should develop and update hazard specific intensity scales to identify 

and monitor climatic hazards. Bangladesh should also develop shoreline change planning and update 

existing coastal zone management strategies to adapt with the future sea-level rise. The public health 

capacity in Bangladesh need to be enhanced to reduce injuries, mortality and health related burden 

due to climatic hazards. Existing institutions for monitoring nation-wide climatic hazards need to be 

strengthened. 
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