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Present and Future Climate Risk Across Bangladesh 
Integrated findings on hazards, exposure, and poverty-driven vulnerability 

 

Executive Summary 
 
Overview  

Bangladesh is among the countries most affected by extreme weather events globally. The long-term 

Climate Risk Index (Eckstein, Künzel, and Schäfer 2021) ranks Bangladesh as the seventh most at-

risk country over the 2000-2019 period. No other country is more vulnerable to flooding, with 

heatwaves, droughts, tropical cyclones, and more locally, landslides, posing compounding climate-

related threats (ADB 2021). Average annual losses from disasters are estimated to be about US$3 

billion, close to 2 percent of Bangladesh’s gross domestic product. While these mainly affect the 

agricultural sector, with wide-ranging effects on the rural economy, natural hazards increasingly impact 

the country’s rapidly expanding urban areas, where the service sector is predominant (WBG 2021a). 

Even under optimistic global climate scenarios, Bangladesh faces a strong increase in the frequency 

and severity of extreme weather events and long-term climatic changes throughout the twenty-first 

century, compounded by intensified environmental degradation and urbanization. A detailed study of 

Bangladesh’s current and future climate risks is therefore of paramount importance to devise tailored 

policies and targeted investments. 

Natural hazards do not occur uniformly across space, nor is their impact equally distributed. The 

frequency and intensity of hazards, and the vulnerability of exposed communities and assets to these 

hazards will determine how severely a specific location is struck. Poorer households might be 

disproportionally affected by extreme events because they tend to reside in more disadvantaged and 

hazard-prone areas, have less mobility and poorer access to critical services and early warning systems, 

and their assets are less well-insured against extreme climate events (Dasgupta 2015; WBG 2021a). 

Geography, environmental processes, and socioeconomic conditions thus play out hand in hand and 

need to be studied in great spatial detail when drawing up the risk profile of the country. At-risk areas, 

communities, and assets need to be identified, investments focused, and policymaking tailored to 

benefit these priority groups, with the aim of enhancing equity and protecting the most vulnerable. 

This report assesses and quantifies the impact of climate hazards and exposure on poverty. 

Considering the increasing impacts of climate change in Bangladesh, especially on poorer 

communities, we explored whether poverty trends over time show a consistent, diverging pattern for 

hazard-affected and exposed spatial units. We found that while vast swaths of Bangladesh have seen 

a steep decrease in poverty rates over the 2010-2016 period, there has been a reverse trend for a 

significant number of clustered upazilas (at times referred to as thanas). Indeed, in eastern and 

southwestern Chattogram, southern Barisal, northeastern Dhaka, southern Rangpur, and northern 

Rajshahi Divisions, poverty rates have increased by up to two-fifths in the six-year period between 

poverty assessments. We also found that areas whose populations and built-up assets are heavily 

exposed to three or four co-occurring natural hazards showed no substantial decline in poverty rates 

between 2010 and 2016, whereas those with lower co-occurring exposure showed a mild or even stark 

decline in poverty rates over the same period. While causation cannot be confirmed, this pattern 

https://germanwatch.org/sites/default/files/Global%20Climate%20Risk%20Index%202021_1.pdf
https://www.adb.org/publications/bangladesh-climate-disaster-risk-atlas-volume-1
https://climateknowledgeportal.worldbank.org/sites/default/files/country-profiles/15502-WB_Bangladesh%20Country%20Profile-WEB.pdf
https://blogs.worldbank.org/developmenttalk/left-unattended-53-million-bangladesh-s-poor-will-be-vulnerable-effects-climate-change-2050
https://climateknowledgeportal.worldbank.org/sites/default/files/country-profiles/15502-WB_Bangladesh%20Country%20Profile-WEB.pdf
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suggests that climate change-related natural hazards could pose a barrier to lowering poverty rates in 

hazard-affected and exposed spatial units. This could hinder general poverty reduction efforts in the 

country, which thus far have shown great success compared to most countries in the developing world, 

hampering the achievement of development outcomes, and lowering the resilience of communities. 

Increasing resilience to natural hazards should therefore be a top priority in eastern and southwestern 

Chattogram, southern Barisal, northeastern Dhaka, southern Rangpur, and Rajshahi Divisions, where 

both poverty and natural hazards pose a double burden and show a worsening trend over time. 

The following subsections summarize the report’s key findings in three important areas: (1) small-

scale spatial disparities in present-day natural hazard exposure and impact, (2) climate risks and 

changes in poverty over time, and (3) changing risks in the face of climate change. 

1. Small-scale spatial disparities in present-day natural hazard exposure and impact 

Current and future climate risk is conceptualized in this work as a function of (a) the spatial 

occurrence, frequency, and intensity of natural hazards; (b) the exposure of population groups, built-

up assets, and agricultural land to these hazards; and (c) their vulnerability—their propensity or 

predisposition to be adversely affected when exposed. Using deterministic and probabilistic modeling 

as appropriate, first, the present-day disparities in exposure to and the impact of natural hazards for 

Bangladesh are calculated down to the upazila level (third-level administrative units). Two key aspects 

of impact are captured in this work. Structural impact entails the expected risk of mortality and injury 

for exposed populations and the damage to infrastructure and cropland where impact functions are 

available, or their expected exposure to these hazards where specific functions are unavailable. 

Socioeconomic impact captures the deep spatial disparities in poverty, welfare, and development outcomes 

through overlaying exposure maps with the latest (2016) HIES-based poverty headcount rates.  

All major natural hazards have been included, resulting in disaster risk profiles for riverine and coastal 

floods, heat stress, droughts, landslides, and tropical cyclones. Moreover, while not a climate hazard 

in and of itself, we also looked at air pollution. This is a critical environmental concern for Bangladesh, 

and indeed across large parts of South Asia. The spatial combination of these exposure and hazard 

data is performed at the grid level, at a resolution matching that of the selected exposure layers. In our 

analysis, this was set to a common 90-meter grid.  

The resulting exposure and impact picture was first obtained for individual hazards: 

1. Combining the impact of 10-, 100-, and 1,000-year floods on population mortality shows that 

the population at risk of death from riverine flooding is largest along the banks of the Ganges 

and Brahmaputra rivers in the southeastern upazilas of Rajshahi Division. Bera, Santhia, 

Sujanagar, and Shahjadpur Upazilas stand out, with over 2,700 citizens exposed to mortality 

from riverine floods on an annual basis. Saghata Upazila in Rangpur Division and Keraniganj 

Upazila just south of Dhaka show a similarly high expected annual impact (EAI) from riverine 

floods on population mortality. Population mortality from coastal flooding is particularly 

concerning along Bangladesh’s western coast in Khulna Division. In Shyamnagar and Assasuni 

Upazilas alone, over 4,000 citizens face the risk of mortality from storm surges. Both the EAI 

of riverine and coastal floods in terms of damage to built-up assets and exposure of agricultural 



 

11 
Country Climate and Development Report: Bangladesh Background Note 

 

land to a combination of water depths of 10-, 100-, and 1,000-year floods show highly similar 

patterns. 

 

Incorporating socioeconomic vulnerability through the overlay of the 2016 poverty headcount 

rates captures the vast disparities in deprivation between flood-affected upazilas. Poverty rates 

of flood-exposed communities in Rangpur, Mymensingh, and Chattogram Divisions are 

considerably higher than for those in Rajshahi Division, and these populations are therefore 

considered to be particularly vulnerable to the impacts of riverine flooding. The higher poverty 

level in these divisions might push citizens with less mobility and poorer insurance and 

adaptative or preventative measures against high water to reside in hazard-prone areas. This is 

particularly important since agricultural land is also most extensively exposed to severe 

flooding in these areas, and rural livelihoods dependent on agriculture are therefore set to be 

adversely affected. For coastal flooding, a concerning, compounding effect of high expected 

annual coastal flooding impact and intermediate and high rates of poverty are seen across 

upazilas in southern Khulna and Barisal, with the coastal west of Chattogram Division also 

affected. 

 

2. Heatwaves and heat stress are rampant across the entirety of Bangladesh’s territory, with wet 

bulb globe temperatures of approximately 35°C commonplace during heat stress episodes with 

a return period of 20 years. The Chittagong Hill Tracts fare comparatively better, yet with 

temperatures of over 30°C, indicating “sweltering heat,” heat stress still poses a severe threat 

to health. Given the widespread nature of these extreme events, the highest annual exposure 

to heat stress is found in and around urban centers. Dhaka and Sylhet stand out clearly, with 

millions of Bangladeshis facing extreme heat each year. 

 

Overlaid with socioeconomic vulnerability, the more densely populated upazilas of northern 

Rangpur, Rajshahi, and Mymensingh Divisions, as well as of the very northeast of Dhaka 

Division and southwestern Chattogram Division stand out, with high rates of poverty 

coinciding with a large population exposure to heatwaves annually. The communities in these 

areas are therefore the most at risk of negative health consequences brought about by extreme 

heat stress. 

 

3. Especially in the northwest of Bangladesh, vast expanses of cropland are exposed to regular 

drought, occurring about once every four to five years. Zilas (second-level administrative units) 

in the northwestern regions of the country stand out. During the first cropping season, the 

most frequent and intense droughts are found in the northwestern zilas of Rangpur (Dinajpur) 

and Rajshahi (Naogaon, Chapai Nababganj, Natore) Divisions, as well as Narail Zila in Khulna 

Division, and Bhola Zila in Barisal Division. Over 30 percent of cropland in these areas 

experience drought stress at least once every four years. Crop failures as a result of drought 

could have severe impacts on food security. During the second cropping season, drought is 

much less of a concern. 
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Studying the relationship between drought patterns and 2016 poverty figures, concerns arise 

once again around upazilas in Bangladesh’s northwest. Upazilas in Rangpur, Rajshahi, and 

Mymensingh Divisions are some of the worst-affected areas, with northern Khulna and 

southwestern Chattogram Divisions also standing out negatively. In these geographic areas, 

poor communities that rely on agriculture for their livelihoods are particularly at risk of 

reduced crop harvests because of drought, possibly triggering price spikes and food insecurity. 

 

4. In the very southeast of the Chittagong Hill Tracts, rainfall-triggered landslide intensity is high. 

While less densely populated than the floodplains of Bangladesh’s main rivers, there are still a 

considerable number of people and built-up areas exposed to landslides. In Sadar and Ramu 

Upazilas of Cox’s Bazar, over 100,000 residents live in landslide-prone areas. 

 

Relating this to the 2016 poverty headcount rates, the eastern upazilas of Chattogram Division 

are among the poorest in Bangladesh. The extremely high exposure of people and assets to 

intense landslide hazard thus makes these areas particularly at risk of the negative 

consequences of rainfall-triggered landslides. 

 

5. Because of its flat topography, high wind speeds that accompany tropical cyclones are able to 

penetrate deep into the inland areas of Bangladesh, although the largest EAI of damage to 

built-up assets is found in and around major urban centers closer to the coastline. Dhaka and 

western Chattogram Division stand out. 

 

The overlay of the expected annual damage of tropical cyclones to built-up assets with poverty 

rates suggests that the highest relative co-occurrence of exposure and poverty is found spread 

along Bangladesh’s coastline, but also as far inland as Rajshahi Division and upazilas in 

northern Dhaka Division. In absolute terms, however, the impact is rather limited. 

 

6. Fine particulate matter (PM2.5) concentrations exceed the World Health Organization norm of 

37.5 µg/m3 maximum for a 24-hour mean on average every single year for which data are 

available across the whole of Bangladesh. This all-encompassing hazard predicts severe public 

health consequences, especially in densely populated urban areas. In cities, Dhaka in particular, 

millions of citizens are at increased mortality risk because of air pollution. 

 

A similar pattern to what was seen for heat stress risk emerges for air pollution risk when 2016 

poverty rates are overlaid with PM2.5 concentrations. Again, the more densely populated 

upazilas of northern Rangpur, Rajshahi, and Mymensingh Divisions, as well as of the very 

northeast of Dhaka Division and southwestern Chattogram Division show a possibly 

devastating combination of high poverty rates and the highest expected annual population 

impact on mortality because of pollution.  

 

In sum, two aggregations of upazilas in Bangladesh face particularly challenging environmental 

conditions. Firstly, the western upazilas of Mymensingh and the eastern upazilas of Rangpur face a 
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combined high annual impact of riverine flooding with a high exposure to heat stress, agricultural 

drought, and air pollution. The high rates of poverty in these areas call for the explicit attention of 

policymakers and development partners in ensuring that the lives and livelihoods of these population 

groups are protected in the face of climate-related disasters through adaptative and preventative 

measures. A similar level of attention should be given to Chattogram Division, which should be 

disaggregated into southeastern and southwestern sections, as different dynamics are at play. Whereas 

the highly deprived southeast faces considerable landslide risk, the southwest is confronted with co-

occurring issues of coastal floods, heat, drought, tropical cyclones, and air pollution, which require 

specific and tailored preventative and adaptative interventions and capacities. 

2. Climate risks and changes in poverty over time 

While the hotspots of concern identified through present-day natural hazard, exposure, and impact 

modeling show the areas and communities at highest risk today, it is important to explore whether 

poverty trends over time show a consistent, diverging pattern for more, or less, hazard-affected, and 

exposed spatial units. To that end, the change in poverty headcount rates between 2010 and 2016 was 

compared with the number of included hazards—riverine floods, coastal floods, heat stress, drought, 

tropical cyclones, landslides, and air pollution—for which each upazila falls into the highest decile of 

relative population or built-up asset exposure. 

A worrisome observation emerges: in the areas that have seen the starkest increase in poverty 

headcount rates between 2010 and 2016, natural hazards tend to have the highest, co-occurring 

impacts. Upazilas in eastern and southwestern Chattogram, southern Barisal, and across Rangpur and 

Rajshahi Divisions fall into the highest exposure decile for three or even four natural hazards, with a 

similar intensity and co-occurrence of exposure also seen in southern Khulna and central Dhaka 

Divisions. This raises particular concern about the reduced ability of these impoverished communities 

to prevent or adapt to the impacts of climate change.  

Upazilas whose population and built-up assets are heavily exposed to three or four co-occurring 

natural hazards showed no substantial decline in poverty rates between 2010 and 2016, whereas those 

with lower co-occurring exposure (none, one, or two hazards) showed a mild or even stark decline in 

poverty rates over this period. While causation cannot be confirmed, this pattern suggests that climate 

change-related natural hazards could pose a barrier to lowering poverty rates in hazard-affected and 

exposed spatial units. This could hinder general poverty reduction efforts in the country, which thus 

far have shown great success compared to most countries in the developing world, hampering the 

achievement of development outcomes, and lowering the resilience of communities. In addition, the 

findings might also point to an out-migration of wealthier households, with poorer, more vulnerable 

households remaining behind in hazard-affected areas. Increasing resilience to natural hazards should 

therefore be a top priority in eastern and southwestern Chattogram, southern Barisal, Rangpur, and 

Rajshahi Divisions, where both poverty and natural hazards pose a double burden and show a 

worsening trend over time. 

3. Changing risks in the face of climate change 

Having established the present-day risks posed by the exposure of people, built-up assets, and 

agricultural land to a wide variety of natural hazards, a forward-looking perspective needs to be 

adopted to explore how climate risks are set to develop across space in the decades ahead. The 
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screening and assessment of future impacts of natural hazards due to climate change typically involves 

the comparison of baseline conditions (observed or simulated) against future scenarios of climate 

variability. These baseline conditions are determined by computing the long-term average of a climate 

variable, setting a baseline historical value for a climate variable defined as the norm. Projections of 

this climate variable in the future will show anomalies, or deviations, of this variable relative to the 

historical baseline. 

To set this baseline and model projected anomalies for the future, we obtained data from climate 

models released under the Intergovernmental Panel on Climate Change Sixth Assessment Report (AR) 

framework (IPCC 2021a), supported by coordinated climate modeling efforts referred to as Coupled 

Model Intercomparison Projects (CMIP). The 2021 sixth AR features new CMIP6 models, which 

substantially expand the number of participating groups (49), climate models (100), and future 

scenarios examined (8) compared to previous ARs. We drew on CMIP6 data for our future modeling, 

and took into account three climate change scenarios, which are called Shared Socioeconomic 

Pathways (SSPs). These pathways cover the range of possible future scenarios of anthropogenic 

drivers of climate change by accounting for various future greenhouse gas emission trajectories, as 

well as a specific focus on carbon dioxide (CO2) concentration trajectories (IPCC 2021b). First, we 

included SSP1, a scenario with low greenhouse gas emissions and CO2 emissions declining to net zero 

after 2050, followed by net negative CO2 emissions. Next, we looked at SSP2, with intermediate 

greenhouse gas emissions and CO2 emissions remaining near current levels until the middle of the 

century before dropping off. As a final scenario, we incorporated SSP5, a very high greenhouse gas 

emission scenario with CO2 emissions that roughly double from current levels by 2050. As a time 

horizon, the period 2041-2060 was selected. 

With a gridded resolution of about 100 kilometers, we were able to aggregate the modeled information 

at the level of Bangladesh’s divisions and pinpoint which divisions are likely to face an increase or 

reduction in the frequency and intensity of a specific natural hazard under specific SSP scenarios. 

Underlying these projections are several key climate variables connected to changing patterns of 

precipitation and temperature. Looking at the number of consecutive wet days, days with rainfall over 

10 millimeters, precipitation volume on extremely wet days, maximum five-day precipitation, and sea 

level rise allowed for the forecasting of likely changes in the risk of floods and rainfall-induced 

landslides across Bangladesh. We used the Wet Bulb Globe Temperature heat index to predict spatial 

changes in heat stress for the three climate scenarios. Finally, the number of consecutive dry days and 

the Standardized Precipitation-Evapotranspiration Index (SPEI) allowed for the assessment of 

projected changes in drought patterns for the country. No projections for air pollution or tropical 

cyclones can be made. 

The hazard-specific results can be summarized as follows: 

1. Studying the climate projections for the five precipitation-related variables, a complex spatial 

pattern emerges. While patterns of cumulative rainfall over five days or consecutive wet days 

are likely to remain static or see a slight increase in standardized anomalies in the 2041-2060 

period compared to the 1995-2014 baseline period, the number of days with rainfall over 10 

millimeters and the amount of precipitation during extremely wet days show a strong upward 

trend. While the forecasts for days with rainfall over 10 millimeters are consistent across the 

three SSPs, projected anomalies in precipitation during extremely wet days are starker for the 

https://www.ipcc.ch/assessment-report/ar6/
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM_final.pdf
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higher-emission future scenarios, in particular SSP5. While no structural changes in overall 

precipitation patterns and conditions of wetness are thus expected for Bangladesh, the rainfall 

volumes during extremely wet days and the frequency with which such days occur are set to 

substantially increase. This is particularly the case in the northern divisions, which already face 

the most severe precipitation events, though increases are projected across the country 

throughout the 2041-2060 period. In the case of higher greenhouse gas emission scenarios, 

these increases will be exacerbated. Along the coastline, the starkly growing anomalies of sea 

level rise raise tremendous concerns, in particular for Khulna Division, which will see the 

greatest increase in standardized sea level rise anomalies by mid-century—of over 40 

centimeters—in any climate change scenario. The projected increase in extreme rainfall events, 

particularly in the northern divisions, in combination with strong sea level rise, is alarming, 

particularly as this can go hand in hand with more frequent and severe coastal and riverine 

flooding and rainfall-induced landslides. Thus, adaptative measures to prevent an increase in 

mortality and damage to built-up and agricultural assets will need to be taken, with particular 

attention to the north of the country and along the coastal floodplains. 

 

2. For drought, the SPEI shows little change in standardized anomalies under any of the SSPs 

compared to the baseline. This suggests that little change is expected in agricultural drought 

patterns during the 2041-2060 period compared to the 1995-2014 baseline period. The climate 

projections therefore do not foresee a significant worsening—or improvement—of this spatial 

pattern of agricultural drought in the decades ahead. However, under all three SSPs, and in 

particular under the high-emission SSP, the number of annual consecutive dry days is 

forecasted to increase mildly, as the standardized anomalies would increase above the historical 

baseline. However, this increase is limited, and uniform across Bangladesh. Areas with a 

historical pattern of a large number of consecutive dry days each year, mainly the western 

divisions, are thus set for a further increase in short-term dry episodes mid-century, particularly 

in the event of sharply rising greenhouse gas emissions. Elsewhere, standardized anomalies 

rise as well, yet this increase is comparatively smaller, suggesting the historical patterns are 

unlikely to shift significantly. This limited shift in projected drought patterns suggests that 

current agricultural drought concerns—closely related to food pricing and security—will 

remain valid in the decades ahead. 

 

3. Under all three SSPs, and relatively uniformly across Bangladesh, the standardized anomalies 

of heat are forecasted to increase relative to the 1990-2010 baseline period used for this 

indicator. This increase is considerably stronger under the higher-emission future scenarios, 

and particularly significant in historically cooler divisions such as Chattogram. The projected 

rise in temperatures is concerning, as it indicates increased heat stress across Bangladesh by 

the 2041-2060 period, potentially putting even more lives at risk. The fact that this increase is 

fairly homogenous across the entirety of the country’s territory raises particular questions on 

adaptation and prevention for urban environments, where heat has historically been a cause 

of significant climate risk. 

 

Combining this diverse set of climate change variables, and cutting across SSPs, a worrisome picture 

emerges for Bangladesh, in particular in relation to heat stress, riverine and coastal flooding, and 



 

16 
Country Climate and Development Report: Bangladesh Background Note 

 

landslides for the period 2041-2060. Current heat stress patterns are set to increase in severity, and 

while overall precipitation patterns are unlikely to considerably alter, extreme rainfall events are likely 

to increase in magnitude. The fact that we are only two decades away from these scenarios 

materializing calls for prompt and decisive adaptation, while mitigation of greenhouse gas emissions 

stands out as equally important, since the adverse effects of climate change will deepen under worse 

emission conditions. 
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1. Introduction  
 

Bangladesh is among the countries most affected by extreme weather events globally. The long-term 

Climate Risk Index ranks Bangladesh as the seventh most at-risk country over the 2000-2019 period, 

with 185 extreme events recorded and 0.38 fatalities per 100,000 inhabitants (Eckstein, Künzel, and 

Schäfer 2021). Calculating precise numbers of affected people and economic and welfare impacts 

remains challenging, yet average annual losses to disasters are estimated to be about US$3 billion, close 

to 2 percent of Bangladesh’s gross domestic product (GDP). While these mainly affect the agricultural 

sector, with wide-ranging effects on the rural economy, natural hazards increasingly impact the 

country’s rapidly expanding urban areas, where the service sector is predominant (WBG 2021a).  

Projections of global temperature and precipitation indicate that, even under optimistic global climate 

scenarios, Bangladesh faces a strong increase in the frequency and severity of extreme weather events 

and long-term climatic changes throughout the twenty-first century, compounded by intensified 

environmental degradation and urbanization. Future climate models, based on greenhouse gas 

concentration trajectories called Shared Socioeconomic Pathways or SSPs, forecast that without 

adaptative measures and under a business-as-usual scenario, over 7 million Bangladeshis will 

experience annual flooding in coastal areas (WBG 2021a). No other country is more vulnerable to 

flooding, with heatwaves, droughts, tropical cyclones, and more locally, landslides, posing 

compounding climate-related threats (ADB 2021). A detailed study of Bangladesh’s current and future 

climate risks is therefore of paramount importance to devise tailored policies and targeted investments. 

 

2. Spatial disparities in hazards and poverty rates, and their link to climate 

vulnerability 
 

Natural hazards do not occur uniformly across space, nor is their impact equally distributed. The 

frequency and intensity of hazards, and the vulnerability of exposed communities and assets to these 

hazards will determine how severely a specific location is struck. Poorer households might be 

disproportionally affected by extreme events because they tend to reside in more disadvantaged and 

hazard-prone areas, have less mobility and poorer access to critical services and early warning systems, 

and their assets are less well-insured against extreme climate events (Dasgupta 2015; WBG 2021a). 

Geography, environmental processes, and socioeconomic conditions thus play out hand in hand and 

need to be studied in great spatial detail when drawing up the risk profile of the country. At-risk areas, 

communities, and assets need to be identified, investments focused, and policymaking tailored to 

benefit these priority groups, with the aim of enhancing equity and protecting the most vulnerable. 

While poverty rates have dropped dramatically in recent decades—from 48.9 percent at the start of 

the century to 24.3 percent in 2016 according to national poverty lines (WBG 2022a)—deep spatial 

disparities in poverty, welfare, and development outcomes remain. Large gaps can be seen across the 

urban-rural divide in all divisions (first-level administrative units), and across zilas and upazilas within 

divisions (second- and third-level administrative units). Map 2.1 shows the 2010 poverty rates at the 

upazila level, with division boundaries highlighted. Across upazilas in the north (Rangpur and 

https://germanwatch.org/sites/default/files/Global%20Climate%20Risk%20Index%202021_1.pdf
https://germanwatch.org/sites/default/files/Global%20Climate%20Risk%20Index%202021_1.pdf
https://climateknowledgeportal.worldbank.org/sites/default/files/country-profiles/15502-WB_Bangladesh%20Country%20Profile-WEB.pdf
https://climateknowledgeportal.worldbank.org/sites/default/files/country-profiles/15502-WB_Bangladesh%20Country%20Profile-WEB.pdf
https://www.adb.org/publications/bangladesh-climate-disaster-risk-atlas-volume-1
https://blogs.worldbank.org/developmenttalk/left-unattended-53-million-bangladesh-s-poor-will-be-vulnerable-effects-climate-change-2050
https://climateknowledgeportal.worldbank.org/sites/default/files/country-profiles/15502-WB_Bangladesh%20Country%20Profile-WEB.pdf
https://data.worldbank.org/indicator/SI.POV.NAHC?end=2016&locations=BD&start=2000&view=chart
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Mymensingh Divisions), southwest (Khulna, northern Barisal, and southern Dhaka Divisions) and 

farthest southeast (Chattogram Division), up to two-thirds of the population lived in poverty. 

Northern Chattogram, central Dhaka, Sylhet, and Rajshahi Divisions performed better, comparatively.  

Map 2.2 shows the 2016 poverty rates (the most recent available) at the upazila level. Also shown on 

the map again are the eight divisions. The data are drawn from the 2016-2017 Household Income and 

Expenditure Survey (HIES) carried out by the Bangladesh Bureau of Statistics (BBS) and matched 

with population data from the 2011 census (BBS 2011) for the 544 upazilas in the country at the time 

of the census. The indicator shown on the map is the poverty headcount rate in percent, using upper 

poverty lines. The poverty map for 2016 shows that monetary deprivation continues to differ greatly 

across space and is clustered at a highly granular level in specific divisions. Looking at the highest 

quintile of poverty, the most deprived communities are still found to reside in the northwest of the 

country, in particular across Rangpur and Mymensingh Divisions, as well as western Rajshahi Division 

and northeastern Dhaka Division. Similarly high poverty rates are observed in Bangladesh’ eastern 

Chattogram Division, especially in the Chittagong Hill Tracts along its eastern border. In these areas, 

more than two out of five Bangladeshis are poor compared to the country’s upper poverty line. Dhaka 

and Sylhet Divisions, and northwestern Chattogram Division perform comparatively better, with the 

majority of upazilas having a poverty rate below 20 percent.  

These strong disparities, and the observation that poverty rates differ greatly within divisions, 

emphasize the importance of zooming in to granular administrative units, where investment decisions 

are made and local policy should be targeted, and where the heterogeneity of socioeconomic 

conditions might make communities more, or less, vulnerable in the face of climate change. Especially 

in those upazilas with poverty rates over 40 percent, communities might be considerably less resilient 

because of a lower capacity to take preventative or adaptative measures, reduced chances to migrate 

away from at-risk areas, and a lower likelihood of being insured for natural disasters affecting their 

lives, assets, and livelihoods. 

In light of the increasing impacts of climate change, especially on poorer communities, it is important 

to explore whether poverty trends over time show a consistent, diverging pattern for more or less 

hazard-affected and exposed spatial units. Map 2.3 lays the foundation for this analysis by plotting the 

change in poverty headcount rates between 2010 and 2016. While vast swaths of Bangladesh have 

seen a steep decrease in poverty rates over the 2010-2016 period, there has been a reverse trend for a 

significant number of clustered upazilas. Indeed, in eastern and southwestern Chattogram, southern 

Barisal, northeastern Dhaka, southern Rangpur, and northern Rajshahi Divisions, poverty rates have 

increased by up to two-fifths in the six-year period between poverty assessments. 
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Map 2.1: Poverty Rates at the Upazila Level, 2010 

 
Source: Map developed by the World Bank for this report based on data from BBS 2011. 

Map 2.2: Poverty Rates at the Upazila Level, 2016 

 

Source: Map developed by the World Bank for this report based on data from the 2016 HIES 

(BBS 2016-2017). 
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Map 2.3: Change in Poverty Rates between 2010 and 2016 in Bangladesh’s Upazilas 

 

Source: Map developed by the World Bank for this report based on data from BBS 2011 and 

the 2016 HIES (BBS 2016-2017). 

3. Defining present-day disaster risk: definitions, data, and methodology 
 

The Intergovernmental Panel on Climate Change (IPCC) defines a hazard as the potential occurrence 

of a natural or human-induced physical event or trend that may cause loss of life, injury, or other 

health impacts, as well as damage and loss to property, infrastructure, livelihoods, service provision, 

ecosystems, and environmental resources (IPCC 2019). Exposure describes the location of people and 

assets in an environment where they may be threatened by these natural hazards. People and assets 

may be exposed, but not adversely impacted if they are not vulnerable. Vulnerability summarizes the 

propensity or predisposition to be adversely affected when exposed, measured by characteristics that 

favor the negative impact of a hazard if exposed to it. Disaster risk is then the probability of a negative 

impact in the future caused by a hazard. Together, hazard (H), exposure (E), and vulnerability (V) 

drive disaster risk (R) (IPCC 2012): 

R=f(H, E, V) 
 

Having defined these core concepts, a modeling approach for each of the included hazards needs to 

be selected. For baseline hazard modeling, there are two options. Modeling is either: 

https://apps.ipcc.ch/glossary/
https://www.ipcc.ch/site/assets/uploads/2018/03/SREX-Chap2_FINAL-1.pdf
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a. Deterministic, in the form of an individual spatial layer measuring the mean or maximum 

intensity of a hazard. 

b. Probabilistic, in the form of several spatial layers representing the maximum hazard level for 

a specific occurrence frequency, measured as a return period (RP). 

The spatial combination of exposure and hazard data is performed at the grid level, at a resolution 

matching that of the selected exposure layers. In our analysis, this is set to a common 90-meter grid.  

The impact model translates the physical intensity unit of the hazard into a damage factor (0 to 1), 

which is then multiplied by the exposure layer. Impact models can be quantitative or qualitative. When 

multiple probabilistic scenarios of a hazard are available, the impact for each scenario (RPi) is summed 

up for the smallest administrative unit level. In this case, the expected annual impact (EAI) is calculated 

by multiplying the impact with the frequency (1/RP) of each event, and then summing up to one 

value. This is illustrated in Figure 3.1 below. The exceedance frequency curve shown in this figure is 

built by the interpolation of these points, highlighting the relationship between the RP of each hazard 

and the estimated impact. The area below the curve represents the total annual damage. 

Figure 3.1: Computation of Expected Annual Impact of Natural Hazards in Geospatial Analytics 

 
Source: World Bank, adapted from Colorado Water Conservation Board (2020). 

In this geospatial section, we focus on disaster risk posed by riverine and coastal floods, heat stress, 

droughts, landslides, and tropical cyclones in Bangladesh. Moreover, while not a climate hazard, in 

and of itself, we also look at air pollution. This is a critical environmental concern for Bangladesh, and 

indeed across large parts of South Asia. It can also compound the impact of many climate hazards, 

including droughts and heatwaves, and exacerbate many aspects of vulnerability through its impact on 

health, educational attainment, and labor productivity. Geophysical hazards (earthquakes, tsunamis, 

volcanoes, and dry landslides) are not a standard consideration in this work but could be included with 

relatively little additional effort. 

To assess and quantify the impact of these hazards, whether extreme events or long-term climatic 

changes, we look at three types of exposure: (1) population, (2) built-up assets, and (3) agricultural 
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land. Where available, an impact function is added to the exposure variables to demonstrate the EAI 

on population health in terms of morbidity and mortality, or the potential damage to built-up assets 

and agricultural land. An overview of the key hazards for Bangladesh that are included in the analysis, 

the relevant exposure categories by hazard, and whether an impact function or exposure metric is used 

is shown in Table 3.1 below, along with the main data sources.  

Table 3.1: Hazard, Exposure, and Impact – Upazila-Level Analysis  

Hazards 

Exposure Categories  

Population  
(Health - mortality)

  

Built-up assets  
(Physical damage)  

Agricultural land  
(Physical damage)  

Flood  
Fathom 90m Flood Model 

Impact function   Impact function  
Exposure 

classification  

Landslide 
World Bank-ARUP Landslide Index at 1km 

Exposure 
classification  

Exposure classification
  

 

Heat stress 
World Bank-GFDRR Wet Bulb Globe 

Temperatures at 10km 

Exposure 
classification  

     

Drought 
FAO Agricultural Stress Index at 1km 

      
Exposure 

classification  

Tropical cyclone 
NOAA Wind Speeds at 30km 

 Impact function 
 

Air pollution 
Van Donkelaar et al. Surface PM2.5 

Concentrations at 1.1km 
Impact function 

  

Source: Fathom 2022; World Bank-ARUP 2022; World Bank-GFDRR 2017; FAO 2022; NOAA 2018; and Van Donkelaar 
et al. 2021. 

4. Conceptualizing hazards and the current setting in Bangladesh 
 

a. Floods and storm surges 

Located downstream of the Ganges, Brahmaputra, and Meghna river basins with particularly intense 

and voluminous rainfall during the June to September monsoon season, and facing storm surges of 

several meters high and tropical cyclones along the coastline, Bangladesh is particularly vulnerable to 

flooding (WMO 2018). The flat topography and extreme—and worsening—climate variability add to 

this burden. Each year, on average, more than a fifth of the country’s surface floods, extending over 

three million hectares. During the extreme flooding events of 1988 and 1998, this reached up to 70 

percent of Bangladesh’s territory (Tufts University 2016). Average annual extreme weather event-

related losses amounted to 1.8 percent of GDP over the 1990-2008 period, with peaks of up to 5 

percent in the 1998 flood year (IMF 2019). 

Historical extreme events have shown how flooding induced by monsoon rains can cause widespread 

devastation. During the 2020 monsoon season starting in June, over a quarter of the country was 

flooded, ruining the livelihoods of millions and killing at least 100 over the space of two months 

(NASA 2020). The most vulnerable groups are particularly at risk. In the period between the end of 

https://www.fathom.global/
https://www.arup.com/projects/global-landslide-hazard-map
https://www.geonode-gfdrrlab.org/layers/hazard:intensity_returnperiod20y
https://www.fao.org/giews/earthobservation/asis/index_1.jsp?lang=en
https://www.ncei.noaa.gov/access/metadata/landing-page/bin/iso?id=gov.noaa.ncdc:C00834
https://sites.wustl.edu/acag/datasets/surface-pm2-5/#V5.GL.02
https://sites.wustl.edu/acag/datasets/surface-pm2-5/#V5.GL.02
https://sites.wustl.edu/acag/datasets/surface-pm2-5/#V5.GL.02
https://public.wmo.int/en/resources/bulletin/flood-forecasting-and-warning-bangladesh
https://sites.tufts.edu/gis/files/2016/01/Sarkar_Aditya_DHP207_2016.pdf
https://www.elibrary.imf.org/view/journals/002/2019/300/article-A001-en.xml
https://earthobservatory.nasa.gov/images/147057/intense-flooding-in-bangladesh
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July and early September 2021, Cox’s Bazar experienced over 1,300 millimeters of rain, with over 200 

millimeters falling in just the 48 hours of 27-28 August. Five hundred and forty-two monsoon-related 

incidents were subsequently reported in the refugee settlements, affecting nearly 12,000 shelters 

(UNOCHA 2021).  

Along the coast, storm surges become concerning during tropical cyclone events. For instance, in 

1970, Cyclone Bhola caused a storm surge of nine meters, which swept away houses, crops, and 

hundreds of thousands of livestock (ADB 2021). With 60 percent of the population living less than 

five meters above sea level, the threat is tremendous. Beyond people and their built-up assets, 

agricultural land is also considerably at risk. The 2017 floods affected eight million people and caused 

severe damage to crops, resulting in spiraling food prices and severe trade disruptions, costing some 

0.3 percent of GDP (IMF 2019). Climate change is set to increase the frequency and intensity of these 

events. Extreme river flows, now occurring once every century, are likely to be repeated at least every 

25 years (WBG 2021a). Up to 900,000 people could be forced to migrate out of coastal areas because 

of permanent inundation by mid-century in the Ganges Delta, where the sea level could increase by 

up to 10 millimeters per year under a negative climate change scenario (WBG 2021a). 

To study the spatial patterning of this flood hazard across Bangladesh, riverine and coastal flood 

hazard probabilities are depicted by the Fathom Global 2.0 dataset, at a 90-meter spatial resolution. 

The dataset covers 10 RPs, depicting how often flooding of a certain inundation depth occurs. The 

risk and the associated damage to infrastructure, crops, and livestock, as well as mortality and 

morbidity, vary substantially with variations in land use and settlement patterns. The three exposure 

categories studied for flood hazard—population, built-up assets, and agricultural land—address the 

three key sources of impact: the people, the economy, and the environment.  

The impact of floods will also differ by water depth. While little damage and mortality are expected at 

low water depths, damage can increase substantially as flood depth rises. This impact has been 

approximated by impact functions for population and built-up area, respectively. This yields an EAI, 

which is aggregated at the upazila level for floods with RPs of 10, 100, and 1,000 years. Simple impact 

functions for agriculture are not easily suited to assess agricultural impact, so a measure of exposure 

of cropland is included in these analytics instead. 

b. Heatwaves 

Historically, the average temperature in Bangladesh has been about 26°C, with temperatures ranging 

between 15°C and 34°C throughout the year—though dangerous (over 40°C) and extremely 

dangerous (over 54°C) days have been commonplace over the last half century (WBG 2021b; 

Mahmud, Raza, and Hossain 2021). Nonetheless, Bangladesh has been growing and continues to grow 

hotter—a 0.5°C increase in mean temperature was recorded between 1976 and 2019—with 

temperatures also becoming more erratic. Summers have become longer and warmer, with 

temperatures for March to October rising by up to 1.3°C compared to the start of the last century. 

The median number of days per year during which Bangladesh experiences a heat index of greater 

than 35°C is about 70 days, reflecting a highly frequent, heat-stressed environment (WBG 2021a). 

Warmer winters also mean Bangladesh is losing some of its distinct seasonality (Mahmud, Raza, and 

https://reliefweb.int/disaster/fl-2021-000097-bgd
https://www.adb.org/publications/bangladesh-climate-disaster-risk-atlas-volume-1
https://www.elibrary.imf.org/view/journals/002/2019/300/article-A001-en.xml
https://climateknowledgeportal.worldbank.org/sites/default/files/country-profiles/15502-WB_Bangladesh%20Country%20Profile-WEB.pdf
https://climateknowledgeportal.worldbank.org/sites/default/files/country-profiles/15502-WB_Bangladesh%20Country%20Profile-WEB.pdf
https://climateknowledgeportal.worldbank.org/country/bangladesh/climate-data-historical#:~:text=Bangladesh's%20historical%20climate%20has%20experienced,February)%20is%20colder%20and%20drier.
https://openknowledge.worldbank.org/handle/10986/36534
https://climateknowledgeportal.worldbank.org/sites/default/files/country-profiles/15502-WB_Bangladesh%20Country%20Profile-WEB.pdf
https://openknowledge.worldbank.org/handle/10986/36534
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Hossain 2021). As climatic changes continue to spiral, mean temperatures across Bangladesh are set 

to increase by between 1.4°C and 2.4°C by 2100 (Mahmud, Raza, and Hossain 2021). 

Heat discomfort increases when hot temperatures are associated with high humidity (Coffel, Horton, 

and de Sherbinin 2017). Periods of “abnormally and uncomfortably hot and humid weather” (AMS 

2012) threaten people’s health and infrastructure. Being a very wet country, with over 2,200 millimeters 

of rainfall a year, this is a particular concern for Bangladesh (WBG 2021b).  

These conditions take a toll on human health and overwhelm health systems in Bangladesh, with 

greater consequences for places where extreme heat occurs in the context of aging populations, 

urbanization, urban heat island effects, and health inequalities (Mahmud, Raza, and Hossain 2021). 

Heatwaves pose manifold risks to human development in a variety of ways, ranging from direct 

impacts on health, to indirect and downstream risks such as power cuts (Allen-Dumas, Binita, and 

Cunliff 2019), to long-term impairment of learning capacity and educational attainment as well as labor 

productivity and thus, income (Goodman et al. 2018). Heat-related mortality among the elderly has 

increased by 53.7 percent in the past 20 years and people’s productivity at work has declined due to 

heat stress. An estimated 148 work hours per person were lost in 2019 due to heat stress in Bangladesh, 

which translates to 18.2 billion work hours lost in total for 2019, up from 13.3 billion work hours in 

2013 (Mahmud, Raza, and Hossain 2021). 

Understanding the spatial distribution of heatwave risk is important for designing adaptation policies. 

In the current analysis, the focus lies on direct risks from heatwaves on health and productivity. 

Therefore, heatwave hazard probability, the exposure of people, and their vulnerability are mapped. 

Heatwave magnitude and frequency are altered by climate change. Hence, future projections of 

extreme heat are analyzed based on simulations of climate models. Heatwave probability is depicted 

by the maximum daily wet bulb globe temperature (WBGT, in °C) obtained from the World Bank 

Global Facility for Disaster Risk and Recovery. The WBGT combines temperature and humidity, both 

critical components in determining heat stress. Only WBGT values greater than 30°C were considered. 

Three RPs of heat events are included: once in 5, 20, and 100 years. 

 

c. Droughts  

Bangladesh faces an annual probability of severe meteorological drought of approximately 4 percent, 

with less severe droughts occurring more frequently. Some 1 percent of the population was exposed 

to drought in the 2001-2013 period (WBG 2021a). Future models are unclear about the drought 

patterns across Bangladesh over the course of the twenty-first century. Moreover, large-scale climate 

phenomena, such as the El Niño Southern Oscillation and the Indian Ocean Dipole, make predictions 

of change highly complex. Nonetheless, the rising impacts of climate change on agriculture are 

particularly concerning for Bangladesh, where agriculture is a primary source of livelihood, 

contributing 14.2 percent to the GDP and employing about 40.6 percent of the labor force. Annual 

climate change impacts are forecasted to reduce agricultural GDP by 3.1 percent on an annual basis 

(Mondol et al. 2021). 

https://openknowledge.worldbank.org/handle/10986/36534
https://openknowledge.worldbank.org/handle/10986/36534
https://doi.org/10.1088/1748-9326/aaa00e
https://doi.org/10.1088/1748-9326/aaa00e
https://glossary.ametsoc.org/wiki/Heat_wave
https://climateknowledgeportal.worldbank.org/country/bangladesh/climate-data-historical#:~:text=Bangladesh's%20historical%20climate%20has%20experienced,February)%20is%20colder%20and%20drier.
https://openknowledge.worldbank.org/handle/10986/36534
https://www.energy.gov/sites/prod/files/2019/09/f67/Oak%20Ridge%20National%20Laboratory%20EIS%20Response.pdf
https://www.energy.gov/sites/prod/files/2019/09/f67/Oak%20Ridge%20National%20Laboratory%20EIS%20Response.pdf
https://scholar.harvard.edu/files/joshuagoodman/files/w24639.pdf
https://openknowledge.worldbank.org/handle/10986/36534
https://climateknowledgeportal.worldbank.org/sites/default/files/country-profiles/15502-WB_Bangladesh%20Country%20Profile-WEB.pdf
https://www.sciencedirect.com/science/article/pii/S0378377421002663
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Drought-prone areas are located in the northwestern and northern regions of Bangladesh, spread over 

some 5.46 million hectares (ADB 2021). These droughts are associated with irregular monsoon rains 

and intermittent dry spells, whose frequency has increased by at least 10 percent in parts of Rangpur 

and Mymensingh Divisions over the 1979–2018 period (Mondol et al. 2021). These episodes have 

severe repercussions on food security, food prices, and the economy of Bangladesh. The consecutive 

droughts of 1978 and 1979 directly affected 42 percent of cultivated land and cut rice production by 

an estimated two million tons. The 1997 drought reduced grain production by one million tons, 

entailing a loss of about US$500 million (ADB 2021).  

This can have a devastating effect on local economies and communities that rely on agriculture for 

their livelihoods, and the occurrence of droughts and agricultural exposure to dry episodes need to be 

studied. Drought probability is depicted by the FAO Agricultural Stress Index, which plots the annual 

drought exposure of agricultural land (cropland and pastureland combined) between 1984 and 2022 

at a 1 kilometer resolution. This information is available for the two main cropping seasons in 

Bangladesh: Kharif, which runs from May to October, and Rabi, which commences mid-November 

and continues through April (Mohsenipour et al. 2018). Especially during Kharif season, crops are 

vulnerable to a variety of natural hazard events, including drought (Aziz et al. 2021). Exposure has 

been quantified by the cropland land cover class of ESA WorldCover 2020 (ESA 2020). 

d. Landslides 

Landslide hazards are particularly prevalent in the eastern Chittagong Hill Tracts of Bangladesh. While 

the root cause of landslides is primarily heavy rainfall during the monsoon season, a recent trend of 

spontaneous urbanization in the hills has posed a sharply increased risk of loss of life and damage to 

critical infrastructure and ecosystems (Ahmed 2021). Landslides thus rarely occur in isolation and pose 

a compounding threat for vulnerable communities. The excessive rainfall in Cox’s Bazar referred to 

earlier also went hand in hand with landslides that destroyed refugee shelters in July 2021 (UN 2021). 

While the geographic area in which landslides occur in Bangladesh is limited, the human and economic 

impacts can be devastating. In the last 30 years, landslides have caused more than 350 deaths. A series 

of landslides in June 2017 caused landslides in 145 places in the Chittagong Hill Tracts, killing 168, 

damaging 40,000 houses, and resulting in an economic loss of over US$200 million (Abedin et al. 

2020). 

Landslide probability is depicted by the World Bank-ARUP landslide hazard index at a 1 kilometer 

resolution. Since there are no tailored impact functions available for landslides, the focus lies on the 

exposure of the population, built-up assets, and agricultural land to this hazard. 

e. Tropical cyclones 

Tropical cyclones are events that can trigger multiple hazard processes at once, such as strong winds, 

intense rainfall, extreme waves, and storm surges. However, when studying tropical cyclones as part 

of the Country Climate and Development Report analytics, we considered only the wind component 

of the cyclone hazard, while the flood and storm surge components were considered separately, as 

described above. 

https://www.adb.org/publications/bangladesh-climate-disaster-risk-atlas-volume-1
https://www.sciencedirect.com/science/article/pii/S0378377421002663
https://www.adb.org/publications/bangladesh-climate-disaster-risk-atlas-volume-1
https://link.springer.com/article/10.1007/s11269-017-1890-4
https://link.springer.com/article/10.1007/s41748-021-00231-8
https://link.springer.com/article/10.1007/s10346-020-01606-0
https://news.un.org/en/story/2021/07/1096622
https://geoenvironmental-disasters.springeropen.com/articles/10.1186/s40677-020-00161-z
https://geoenvironmental-disasters.springeropen.com/articles/10.1186/s40677-020-00161-z
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Bangladesh is particularly vulnerable to tropical cyclones, as illustrated by Cyclone Bhola, which caused 

300,000 to 500,000 fatalities in November 1970—the deadliest tropical cyclone in history (WMO 

2020). At least 12 major tropical cyclones have hit the country since 1965 (ADB 2021). Over the last 

half century, tropical cyclones have caused a startling 718,000 deaths. However, cyclone-related 

mortality in Bangladesh has declined considerably since the 1970s, with numbers dropping more than 

one hundred-fold, largely because of better preventative measures. Currently, there are 12,000 

functionally active cyclone shelters and a warning system in use along the coastline, which are able to 

provide shelter to and alert nearly 5 million people (UCL 2020).  

Despite these preventative measures, millions of people—and their assets—are still exposed to 

frequent cyclones. In 2007, 9 million people were exposed to Cyclone Sidr, with Category 1 tropical 

Cyclone Mora exposing some 10 million people to wind speeds of 120 kilometers per hour in 2017 

(WBG 2021a). Despite these tremendous potential impacts, the ways in which climate change will 

interact with cyclones is currently poorly understood. Sea level rise, increased wind speed, and 

precipitation intensity all come into play, and while the total number of cyclones is set to decrease 

according to certain models, the intensity and severity of extreme events is likely to increase (WBG 

2021a). 

To model wind speeds associated with tropical cyclones, we have used the International Best Track 

Archive for Climate Stewardship wind speed dataset, with five RPs and a resolution of 30 kilometers. 

f. Air pollution 

Bangladesh has the worst air pollution of any country in the world. Air pollution shortens the life 

expectancy of the average Bangladeshi by 6.7 years, and up to 8.1 years in the worst-affected areas 

(AQLI 2022). Every single inhabitant lives in an area where the World Health Organization (WHO) 

air quality norms are regularly exceeded. At 65.5 µg/m3, fine particulate matter (PM2.5) concentrations 

are at least four times the WHO recommended limits for daily exposure (AQLI 2022). These small 

particles, of less than 2.5 micrometers in diameter, pose the greatest health risks—because of their 

small size, they lodge deeply into the lungs (WHO 2019). There they cause respiratory infections, 

cardiovascular disease, and lung cancer. Pollution caused some 28 percent of deaths in 2015, more 

than 10 times the number of deaths from traffic accidents, and cost the country US$6.5 billion, or 3.4 

percent of its GDP (WBG 2018). The capital, Dhaka, is the most polluted city in the world (Associated 

Press 2021).  

While not a climate hazard in and of itself, air pollution is adversely affected by climate change (UCAR 

2022). Moreover, it is associated with numerous hydrometeorological hazards that will increase in 

frequency and intensity because of changing climatic conditions, such as droughts and heatwaves. 

Using surface-level PM2.5 concentrations with a 1.1 kilometer resolution, and drawing from the 

research of Van Donkelaar et al. (2021), who combined Aerosol Optical Depth retrievals from the 

NASA MODIS, MISR, and SeaWiFS instruments with the GEOS-Chem chemical transport model, 

the high-resolution spatial patterning of air pollution can be mapped for Bangladesh. It is important 

to note that this combines both human-induced PM2.5 emissions caused by car engines, coal- or natural 

https://public.wmo.int/en/media/news/world%E2%80%99s-deadliest-tropical-cyclone-was-50-years-ago
https://public.wmo.int/en/media/news/world%E2%80%99s-deadliest-tropical-cyclone-was-50-years-ago
https://www.adb.org/publications/bangladesh-climate-disaster-risk-atlas-volume-1
https://www.ucl.ac.uk/news/2020/jun/analysis-bangladesh-has-saved-thousands-lives-devastating-cyclone-heres-how
https://climateknowledgeportal.worldbank.org/sites/default/files/country-profiles/15502-WB_Bangladesh%20Country%20Profile-WEB.pdf
https://climateknowledgeportal.worldbank.org/sites/default/files/country-profiles/15502-WB_Bangladesh%20Country%20Profile-WEB.pdf
https://climateknowledgeportal.worldbank.org/sites/default/files/country-profiles/15502-WB_Bangladesh%20Country%20Profile-WEB.pdf
https://aqli.epic.uchicago.edu/country-spotlight/bangladesh/#:~:text=Some%20areas%20of%20Bangladesh%20fare,in%20the%20most%20polluted%20district.&text=All%20of%20Bangladesh's%20161%20million,the%20country's%20own%20national%20standard.
https://aqli.epic.uchicago.edu/country-spotlight/bangladesh/#:~:text=Some%20areas%20of%20Bangladesh%20fare,in%20the%20most%20polluted%20district.&text=All%20of%20Bangladesh's%20161%20million,the%20country's%20own%20national%20standard.
https://www.who.int/news/item/15-11-2019-what-are-health-consequences-of-air-pollution-on-populations#:~:text=Exposure%20to%20high%20levels%20of,people%20who%20are%20already%20ill.
https://www.worldbank.org/en/news/feature/2018/09/16/clean-and-resilient-growth-in-bangladesh
https://www.washingtonpost.com/world/pakistans-lahore-becomes-worlds-3rd-most-polluted-city/2021/11/23/4bac278a-4c76-11ec-a7b8-9ed28bf23929_story.html
https://www.washingtonpost.com/world/pakistans-lahore-becomes-worlds-3rd-most-polluted-city/2021/11/23/4bac278a-4c76-11ec-a7b8-9ed28bf23929_story.html
https://scied.ucar.edu/learning-zone/air-quality/air-quality-and-climate-change#:~:text=Because%20of%20climate%20warming%2C%20the,more%20often%20in%20hot%20temperatures.
https://scied.ucar.edu/learning-zone/air-quality/air-quality-and-climate-change#:~:text=Because%20of%20climate%20warming%2C%20the,more%20often%20in%20hot%20temperatures.
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gas-fired power plants, fireplaces, and biomass burning (NRDC 2022), and natural sources of PM2.5, 

which include forest fires and desert dust (McDuffie et al. 2021). PM2.5 data are available from 1998 

to 2020. 

5. Conceptualizing exposure and the current setting in Bangladesh 
 

a. Population 

Whether a household will be affected by a natural hazard depends on their place of residence. 

Especially for smaller-scale, well-defined extreme events such as floods or landslides, administrative 

unit-level population data, for instance census data, do not offer the necessary granularity to explore 

the precise settlement location of citizens and to study their exposure. Therefore, the high-resolution 

location of the population was plotted using the WorldPop 2020 population model, where each cell 

has a 90-meter resolution. Map 5.1, panel a shows the distribution of the population across the country. 

High population densities are visible in and around the Dhaka metropolis in central Bangladesh. Urban 

sprawl is noticeable to the northwest and northeast of the country. Bangladesh’s second city, 

Chattogram, also stands out in the southeast. This accurately depicts the dense urban areas along 

Bangladesh’s major riverine systems. By contrast, the low population densities in the very southwest 

and east stand out.  

Two notes of caution need to be added with regard to the WorldPop data. First, as lower-density 

population cells are predominant, they visually crowd out cells with higher populations on Map 5.1, 

panel a, and only become visible when zooming in on urban areas. This is shown through the zoomed 

in view of the city of Dhaka in Map 5.1, panel b, where large urban areas with high population densities 

become visible. Second, WorldPop is a constrained population model—hence, it allocates population 

numbers proportionally to remotely sensed built-up density. This can generate model errors, 

particularly in mountainous environments, where populations are allocated to a limited number of 

built-up cells in valleys. This aggregation of population in valleys and allocation to specific cells might 

entail an overestimation of natural hazard risk in those areas, if affected. The aggregation of exposure 

and impacts at the level of administrative units, like upazilas, reduces this error through the scaling of 

population estimates. However, a residual error cannot be ruled out. As a predominantly flat country, 

with limited mountainous areas, this model error is hypothesized to be limited for Bangladesh. 

https://www.nrdc.org/onearth/particulars-pm-25#:~:text=PM%202.5%20comes%20primarily%20from,crazy%20central%20and%20southern%20California.
https://www.nature.com/articles/s41467-021-23853-y#:~:text=Sources%20include%20direct%20emissions%20such,primary%20gas%2Dphase%20pollutant%20precursors.
https://hub.worldpop.org/project/categories?id=3
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Map 5.1: WorldPop Bangladesh Population Model, 2020 

Panel a: All of Bangladesh        Panel b: Zoomed in on the city of Dhaka 

 
Source: World Bank, original maps developed for this report based on data from WorldPop 2020. 

 

b. Built-up assets 

Built-up assets include homes, industrial complexes, road infrastructure, and facilities, among other 

infrastructure. For the analysis, 2019 World Settlement Footprint (WSF) data are employed. This is a 

high-resolution (10 meters) remotely sensed dataset which indicates whether each cell is primarily built 

up. To match the resolution of the WorldPop population data, WSF data were resampled at a 90-

meter resolution. For each cell, the share of built-up land was then calculated, as shown on Map 5.2.  

A pattern similar to the population distribution emerges, whereby built-up assets are most common 

around Dhaka, with secondary urban centers scattered across the expanse of Bangladesh, in particular 

around Chattogram. 

https://www.dlr.de/blogs/en/all-blog-posts/world-settlement-footprint-where-do-humans-live.aspx


 

29 
Country Climate and Development Report: Bangladesh Background Note 

 

Map 5.2: WSF 2019 Distribution of Built-Up Areas across Bangladesh 

 
Source: World Bank, original map developed for this report based on data from WSF 2019. 

 

c. Agricultural land  

The 2020 WorldCover dataset from the European Space Agency (ESA 2020) was used to identify 

agricultural land, aggregated from its original 10-meter resolution to a 90-meter resolution to match 

the population model, as per Map 5.3. Unsurprisingly, as a primarily flat, fertile country, cropland is 

found across most of Bangladesh’s floodplains around the Ganges, Brahmaputra, and Meghna rivers, 

with wetlands directly bordering these river systems. In the southwestern delta, brackish waters are 

predominant, with forests covering most of the eastern Chittagong Hill Tracts. 

https://esa-worldcover.org/en
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Map 5.3: Bangladesh Land Use, 2020 

 
     Source: World Bank, original map developed for this report based on data from ESA 2020. 

 

 

6. Results: mapping of present-day hazards, exposure, and vulnerability   
 

Bringing together hazard, exposure and vulnerability, Table 6.1 provides an overview of the categories 

of exposure for which results are available (population health, built-up assets, and/or agricultural land), 

as well as the structural and socioeconomic vulnerability included in this work. 

Table 6.1: Hazard, Exposure, and Vulnerability Categories included for the Current Climate Analytics in Bangladesh 

Hazard Exposure Vulnerability 
  Structural  Socioeconomic 

River/Coastal 
floods 

Population (Health/Mortality) Impact function 

Poverty Built-up assets (Physical damage) Impact function 

Agricultural land (Physical damage) Exposure classification 

Heatwaves Population (Health/Mortality) Exposure classification Poverty 

Droughts Agricultural land Exposure classification Poverty  

Landslides Population (Health/Mortality) Exposure classification 
Poverty  

Built-up assets (Physical damage) Exposure classification 

Tropical 
cyclones 

Built-up assets (Physical damage) Impact function Poverty 
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Hazard Exposure Vulnerability 
  Structural  Socioeconomic 

Air pollution Population (Health/Mortality) Impact function Poverty  

Source: World Bank, original table developed for this report. 

a. Riverine and coastal flood risk   

The floodplains around the Ganges, Brahmaputra and Meghna rivers are the lifeline and agricultural 

heartland of Bangladesh. As seen in the exposure maps above, most people, assets, and agricultural 

land are located here. The large intra-annual variation in precipitation across the country translates 

into different riverine flooding hazards, as seen in Map 6.1, panel a. Flood depths of up to five meters 

are observed along the riverine systems in the case of a flood event with a 100-year RP, with less 

extensive pockets of high flood hazard also found along the northeastern border in Mymensingh and 

Sylhet Divisions. Similarly high flood depths through coastal flooding are observed in the 

southwestern delta where the river systems converge, in particular in the Sundarbans mangrove area. 

Map 6.1, panel b depicts the water depths associated with a coastal flood happening once every 100 

years, which in this region is often triggered by tropical cyclones. 

 

Map 6.1: Riverine (panel a) and Coastal (panel b) Flood Hazard at a 90m Resolution across Bangladesh for a 100-Year 
Return Period 

      Panel a                       Panel b 

 

 

 

 

 

 

 

 

 

 

Source: World Bank, original maps developed for this report based on data from Fathom 2022. 

Floods will only have an impact if they occur in areas with population and asset exposure. The riverine 

and coastal flood disaster mapping therefore provides a spatial profile of where the highest annual 

impact on population and built-up assets is expected under the current climate, and where agriculture 

is most exposed. 

Combining the impact of 10-, 100-, and 1,000-year floods on population mortality shows that the 

population at risk of death from riverine flooding is greatest along the banks of the Ganges and 
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Brahmaputra rivers in the southeastern upazilas of Rajshahi Division (Map 6.2, panel a). Bera, Santhia, 

Sujanagar, and Shahjadpur Upazilas stand out, with over 2,700 citizens exposed to mortality by riverine 

floods on an annual basis. Saghata Upazila in Rangpur Division, and Keraniganj Upazila just south of 

Dhaka show similarly high EAIs of riverine floods on population mortality. Population mortality 

through coastal flooding is particularly concerning along Bangladesh’s western coast, in Khulna 

Division (Map 6.2, panel b). In Shyamnagar and Assasuni Upazilas alone, over 4,000 citizens face a risk 

of mortality from storm surges on an annual basis. 

Both the EAI of riverine and coastal floods in terms of damage to built-up assets (Map 6.3, panels a 

and b) and of exposure of agricultural land (Map 6.4, panels a and b) to a combination of water depths 

of 10-, 100-, and 1,000-year floods show highly similar patterns. In eastern Rajshahi Division, multiple 

upazilas have over 30 hectares of infrastructure threatened by water damage annually by riverine 

floods, while the same is seen in the very southwest of the country around Shyamnagar Upazila. In 

those areas, over 1,000 hectares of agricultural land are also annually exposed to inundations of over 

0.5 meters, with potentially dramatic impacts on crop harvests, food prices, and food security. 

However, flood depth cannot drive the assessment of flood risk on agriculture on its own. Additional 

variables such as the types of crops and livestock, the timing of the flood in relation to the agricultural 

production cycle, and the duration of the flood should be considered. However, global datasets do 

not provide this information. 

Map 6.2: Expected Annual Population Impact of Riverine (panel a) and Coastal (panel b) Floods – Mortality and Morbidity 

                              Panel a             Panel b 

 
Source: World Bank, original maps developed for this report based on data from Fathom 2022 and WorldPop 2020. 
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Map 6.3: Expected Annual Damage to Built-Up Assets of Riverine (panel a, left) and Coastal (panel b, right) Floods 

Panel a          Panel b 

 
Source: World Bank, original maps developed for this report based on data from Fathom 2022 and WSF 2019. 

Map 6.4: Expected Annual Exposure of Agricultural Land to Riverine (panel a, left) and Coastal (panel b, right) Floods 

Panel a                   Panel b 

 
Source: World Bank, original maps developed for this report based on data from Fathom 2022 and ESA 2020. 

Given that the vulnerability of citizens and their capacity to mitigate or prevent adverse effects from 

this exposure to floods is primarily driven by their socioeconomic status, the socioeconomic 

component needs to be included in the equation when determining climate risk. This integrated picture 
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is produced by overlaying the population, built-up asset, and agricultural land expected annual 

exposure (EAE) and/or EAI with the 2016 poverty headcount rate for upazilas.  

For each overlay, a dual approach was followed. Firstly, both the EAE/EAI and poverty headcount 

were broken into three equal quantile classes. This resulted in a 3x3 matrix, with both the exposure to 

and impact of natural hazards as well as the socioeconomic vulnerability divided into low, 

intermediate, and high categories of equal size. Such quantile approach allows us to depict—

irrespective of the absolute number or size of the impacted populations or assets—which upazila 

communities, built-up areas, and agricultural land run the highest risk. Secondly, maintaining the 

poverty quantiles, we broke down the EAI and EAE into three self-defined classes, with boundaries 

depicting a low, intermediate, and high exposure and/or impact based on absolute values. Particularly 

for hazards that have a limited geographic extent or cause limited loss of lives and livelihoods, a 

classification based on absolute rather than relative values can reveal a more grounded understanding 

of the scope of climate risks in Bangladesh. 

Maps 6.5, 6.6, and 6.7 below show the EAI on population and built-up assets of, and agricultural 

exposure to, riverine floods overlaid by the upazila-level headcount rates from the 2016 poverty map, 

with the natural hazard component included both as quantiles (panel a of each of the maps), and 

through predefined class boundaries (panel b of each of the maps). 

The quantile maps show a consistent spatial pattern for all three exposure categories—population, 

built-up assets, and agricultural land. The EAI of riverine floods on mortality and morbidity (Map 6.5, 

panel a), damage to built-up assets (Map 6.6, panel a), and annually exposed cropland and pasture (Map 

6.7, panel a) is greatest upstream and near the confluence of the Ganges and Brahmaputra rivers, 

covering the southeastern upazilas of Rajshahi and Rangpur Divisions, and western Mymensingh 

Division. The quantile maps show that the eastern part of Chattogram Division also falls in the highest 

quantile of population exposure to riverine floods. In absolute terms however, the highest impact on 

population health (>1,000 potential deaths annually, Map 6.5, panel b) and infrastructure (>30 hectares 

damaged, Map 6.6, panel b), and the largest swaths of agricultural land flooded (>1,000 hectares, Map 

6.7, panel b) is limited to southeastern Rajshahi and Rangpur Divisions, and western Mymensingh 

Division. 

While exposure is thus considerable across northwestern Bangladesh, extreme poverty rates differ 

greatly between affected upazilas. Poverty rates of flood-exposed communities in Rangpur, 

Mymensingh, and Chattogram Divisions are considerably higher than for those in Rajshahi Division, 

and these populations are therefore considered to be particularly vulnerable to the impacts of riverine 

flooding. The higher poverty level in these divisions might push citizens with less mobility and poorer 

insurance and adaptative or preventative measures against the impacts of flooding to reside in hazard-

prone areas. This is particularly important since these are the same areas where agricultural land is the 

most extensively exposed to severe flooding, and rural livelihoods dependent on agriculture are 

therefore set to be adversely affected.  
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Map 6.5: Expected Annual Impact of Riverine Floods on Population in Bangladesh using Quantile (panel a) and Predefined 
(panel b) Cutoffs 

Panel a                Panel b 

 
Source: World Bank, original maps developed for this report based on data from the 2016 HIES (BBS 2016-2017), 

Fathom 2022, and WorldPop 2020. 

Map 6.6: Expected Annual Impact of Riverine Floods on Built-Up Assets in Bangladesh using Quantile (panel a) and 
Predefined (panel b) Cutoffs 

Panel a         Panel b 
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Source: World Bank, original maps developed for this report based on data from the 2016 HIES (BBS 2016-2017), 

Fathom 2022, and WSF 2019. 

 

Map 6.7: Expected Annual Exposure of Agricultural Land to Riverine Floods in Bangladesh using Quantile (panel a) and 
Predefined (panel b) Cutoffs 

Panel a        Panel b 

 
Source: World Bank, original maps developed for this report based on data from the 2016 HIES (BBS 2016-2017), 

Fathom 2022, and ESA 2020. 

While riverine flooding primarily affects Bangladesh’s northwest, the south is exposed to considerable 

coastal flooding. Highly similar trends emerge from the maps showing the quantiles and predefined 

impact and exposure classes overlaid with 2016 poverty headcount rates (Maps 6.8, 6.9, and 6.10 for 

population impact, built-up asset impact, and agricultural exposure, respectively). A concerning, 

compounding effect of high expected annual coastal flooding impact and intermediate and high rates 

of poverty are seen across upazilas in southern Khulna and Barisal Divisions, with the coastal west of 

Chattogram Division also affected. Further north, in Dhaka, Mymensingh, and Sylhet Divisions, the 

impact of and exposure to coastal flooding is considerably lower.  

The combination of poor socioeconomic conditions and high impact of storm surges, particularly in 

Khulna and southeastern Barisal Divisions, draws critical attention to the risk coastal communities in 

both divisions face. This is especially critical given rising sea levels combined with the impact of 

tropical cyclones. Urgent adaptative measures need to be taken to protect the residents of these at-

risk upazilas from loss of life and livelihoods, and damage to their assets. 
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Map 6.8: Expected Annual Impact of Coastal Floods on Population in Bangladesh using Quantile (panel a) and Predefined 
(panel b) Cutoffs 

Panel a          Panel b 

 
Source: World Bank, original maps developed for this report based on data from the 2016 HIES (BBS 2016-2017), 

Fathom 2022, and WorldPop 2020. 

Map 6.9: Expected Annual Impact of Coastal Floods on Built-Up Assets in Bangladesh using Quantile (panel a) and 
Predefined (panel b) Cutoffs 

Panel a      Panel b 

 
Source: World Bank, original maps developed for this report based on data from the 2016 HIES (BBS 2016-2017), 

Fathom 2022, and WSF 2019. 
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Map 6.10: Expected Annual Exposure of Agricultural Land to Coastal Floods in Bangladesh using Quantile (panel a) and 
Predefined (panel b) Cutoffs 

                 Panel a                             Panel b 

 
Source: World Bank, original maps developed for this report based on data from the 2016 HIES (BBS 2016-2017), 

Fathom 2022, and ESA 2020. 

b. Heatwave risk 

Heatwaves and heat stress are rampant across the entirety of Bangladesh’s territory, with WBGTs of 

around 35°C commonplace during heat stress episodes with an RP of 20 years, as captured by Map 

6.11. The Chittagong Hill Tracts fare comparatively better, yet with temperatures of over 30°C, 

indicating “sweltering heat”, heat stress still poses a severe threat to health. Given the widespread 

nature of these extreme events, we expect to see the highest annual exposure in and around urban 

centers. This is affirmed by Map 6.12, which shows the annual expected population exposure by 

combining heat stress episodes with RPs of 5, 20, and 100 years. Dhaka and Sylhet Divisions stand 

out clearly, while the expected annual population exposure to heat stress in less densely populated and 

higher elevated Chattogram Division is considerably lower. In total, millions of Bangladeshis face 

extreme heat each year. 
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Map 6.11: Heat Stress across Bangladesh for a Heat Event with a 20-Year Return Period 

 
Source: World Bank, original map developed for this report based on data from World Bank-GFDRR 2017. 
Note: WBGT - Wet Bulb Globe Temperature. 

Map 6.12: Expected Annual Population Exposure to High Heat Stress for Bangladeshi Upazilas 

 
Source: World Bank, original map developed for this report based on data from World Bank-GFDRR 2017 
and WorldPop 2020. 
Note: WBGT - Wet Bulb Globe Temperature. 
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Since heat stress is felt throughout Bangladesh, and affects nearly all Bangladeshis to the same, highly 

frequent and highly intense extent, when the expected annual population exposure to this heat is 

overlaid with the socioeconomic vulnerability proxied by the 2016 poverty headcount rates in upazilas, 

a pattern emerges that reflects a combination of population density and poverty distribution across 

the country, both for the quantile classification (Map 6.13, panel a) and the predefined absolute 

exposure classes (Map 6.13, panel b).  

The resulting picture reveals that in the more densely populated upazilas of the northern Rangpur, 

Rajshahi, and Mymensingh Divisions, as well as in the very northeast of Dhaka Division and 

southwestern Chattogram Division, high rates of poverty coincide with a large population exposure 

to heatwaves annually. The communities in these areas are therefore most at risk of the negative health 

consequences brought about by extreme heat stress. In and around less deprived urban centers, 

including Dhaka and Chattogram, a high exposure to heat goes hand in hand with lower poverty rates. 

This suggests that these communities have a lower vulnerability since their socioeconomic condition 

might allow for improved adaptative and preventative measures.  

The exception to this dynamic of high poverty and high population density entailing high heat stress 

risk is eastern Chattogram Division, where the elevated terrain results in lower population exposure 

to heat. By consequence, heat risk in this area is lower, irrespective of the high poverty rates found in 

upazilas in this area. 

Map 6.13: Expected Annual Exposure of the Population to Heat Stress in Bangladesh using Quantile (panel a) and 
Predefined (panel b) Cutoffs 

Panel a                      Panel b 

 
Source: World Bank, original maps developed for this report using data from the 2016 HIES (BBS 2016-2017), World Bank-

GFDRR 2017, and WorldPop 2020. 
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c. Drought risk 

Map 6.14, panels a and b show the percentage of years throughout the 37-year baseline period (1984-

2022) of the FAO drought data during which at least 30 percent of agricultural land in each grid cell 

experienced drought stress for the first and second cropping seasons (Kharif and Rabi, respectively). 

The hypothesis emerging from the literature review that drought is of particular concern during the 

Kharif cropping season is confirmed. The maps indicate that, especially in the northwest of 

Bangladesh, vast expanses of cropland are exposed to regular drought, occurring about once every 

four to five years. 

Particular zilas stand out, as shown in Map 6.15, panels a and b. During the first cropping season, the 

most frequent and intense droughts are found in the northwestern zilas of Rangpur (Dinajpur) and 

Rajshahi (Naogaon, Chapai Nababganj, Natore) Divisions, as well as Narail Zila in Khulna Division, 

and Bhola Zila in Barisal Division. Over 30 percent of cropland in these areas experience drought 

stress at least once every four years. Crop failures as a result if this drought could have severe impacts 

on food security. During the second cropping season, drought is much less of a concern. No upazila 

experiences drought stress more frequently than once every five years. 

Map 6.14: Drought Hazard for Agricultural Land across Bangladesh during the Kharif (panel a) and Rabi (panel b) 
Cropping Seasons 

Panel a                     Panel b 

 
Source: World Bank, original maps developed for this report using data from FAO 2022.  
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Map 6.15: Kharif (panel a) and Rabi (panel b) Season Drought Exposure for Agricultural Land (by Zila and Upazila) 

Panel a                     Panel b 

 
Source: World Bank, original maps developed for this report using data from FAO 2022.  

Since drought is of particular concern during the first cropping season (Kharif) in Bangladesh, 

overlaying the frequency with which at least 30 percent of cropland and pasture in an upazila is affected 

by agricultural drought during this season with the 2016 poverty figures, concerns arise once again 

around upazilas in Bangladesh’s northwest. The quantile map (Map 6.16, panel a) highlights that again 

upazilas in Rangpur, Rajshahi, and Mymensingh Divisions are some of the worst-affected areas, with 

northern Khulna and southwestern Chattogram also standing out negatively. In these upazilas, 

drought and poverty coincide, where previously it was also shown that riverine and coastal flooding, 

as well as heat, pose severe risks to people and assets.  

In these geographic areas, poor communities relying on agriculture for their livelihoods are particularly 

at risk of reduced crop harvest because of droughts, possibly triggering price spikes and food 

insecurity. They are thus priority areas for tackling the potential adverse impacts of drought on rural 

livelihoods. Working with predefined boundaries (Map 6.16, panel b) still highlights the same areas of 

concern but showcases that the effects are felt less than once every four years across the country. 
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Map 6.16: Expected Annual Exposure of Agricultural Land to Drought in Bangladesh using Quantile (panel a) and 
Predefined (panel b) Cutoffs 

Panel a               Panel b 

 
Source: World Bank, original maps developed for this report based on data from the 2016 HIES (BBS 2016-2017) and 

FAO 2022. 

d. Landslide risk 

Whereas the plains around the Ganges, Brahmaputra, and Meghna riverine system tend to be more 

affected by floods, droughts, and extreme heat, mountainous areas tend to be more susceptible to 

landslides, as is evident from the World Bank-ARUP landslide hazard index for Bangladesh shown in 

Map 6.17. In the Chittagong Hill Tracts in Bangladesh’s southeast, rainfall-triggered landslide intensity 

is high. While less densely populated than the floodplains of Bangladesh’s main rivers, there are still a 

considerable number of people and built-up areas exposed to landslides. Map 6.18 shows the upazila-

level population exposure to landslides, while Map 6.19 shows the exposure of built-up assets for these 

administrative units.  

There is considerable overlap between upazilas whose population and built-up assets are exposed to 

landslide hazards, with some small geographic nuances. In Sadar and Ramu Upazilas of Cox’s Bazar, 

over 100,000 residents live in landslide-prone areas. The highest infrastructural exposure is found in 

Ruma, Rowangchhari, and Bandarban Sadar Upazilas, with over 50 hectares of built-up assets lying in 

areas with high landslide intensity, threatening loss of life and damage to infrastructure. 
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Map 6.17: Landslide Hazard Index for Bangladesh at a 1km Resolution 

 
Source: World Bank, original map developed for this report using data from World Bank-ARUP 2022. 

Map 6.18: Population Exposure to High Landslide Risk at the Upazila Level 

 
Source: World Bank, original map developed for this report using data from World Bank-ARUP 2022 
and WorldPop 2020. 
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     Map 6.19: Built-Up Asset Exposure to High Landslide Risk 

 
Source: World Bank, original map developed for this report using data from World Bank-ARUP 2022 
and WSF 2019. 

The quantile and predefined class landslide maps show a similar picture for both the annually exposed 

population (Map 6.20, panels a and b) and built-up assets (Map 6.21, panels a and b) in relation to the 

2016 poverty headcount rates. The eastern upazilas of Chattogram Division are among the poorest in 

Bangladesh. The extremely high exposure of people and assets to intense landslide hazard then makes 

these same areas particularly at risk of the negative consequences of rainfall-triggered landslides. 

Efforts to improve the resilience and capacity of communities to adapt to landslide risks should 

therefore be focused on the upazilas in Bangladesh’s southeasternmost region. 

Map 6.20: Expected Annual Exposure of the Population to Rainfall-Induced Landslides in Bangladesh using Quantile (panel 
a) and Predefined (panel b) Cutoffs 

     Panel a     Panel b 
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Source: World Bank, original maps developed for this report based on data from the 2016 HIES (BBS 
2016-2017), World Bank-ARUP 2022, and WorldPop 2020. 

Map 6.21: Expected Annual Exposure of Built-Up Assets to Rainfall-Induced Landslides in Bangladesh using Quantile 
(panel a) and Predefined (panel b) Cutoffs 

Panel a                        Panel b 

 
Source: World Bank, original maps developed for this report based on data from the 2016 HIES (BBS 2016-2017), 
World Bank-ARUP 2022, and WSF 2019. 

e. Tropical cyclone risk 

Because of its flat topography, high wind speeds that accompany tropical cyclones are able to penetrate 

deep into the inland areas of Bangladesh, with only the eastern hills of Chattogram Division altering 

a nearly linear south-to-north pattern (Map 6.22). The largest EAI of damage to built-up assets is 

therefore unsurprisingly found in and around major urban centers closer to the coastline. Dhaka and 

western Chattogram Division stand out, as can be seen in the risk map (Map 6.23). 
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Map 6.22: Wind Speeds Reached across Bangladesh during Tropical Cyclones with a 100-Year Return Period  

 
Source: World Bank, original map developed for this report based on data from NOAA 2018. 

Map 6.23: Expected Annual Impact of Tropical Cyclones on Built-Up Assets across Bangladesh’s Upazilas 

 
Source: World Bank, original map developed for this report based on data from NOAA 2018 and WSF 2019. 

The quantile map showing the overlay of the expected annual damage to built-up assets of tropical 

cyclones with poverty rates (Map 6.24, panel a) suggests that the highest relative co-occurrence of 

exposure and poverty is found spread along Bangladesh’s coastline, but also as far inland as Rajshahi 

Division and upazilas in northern Dhaka Division. However, the map with absolute damage 
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thresholds from gusts of wind with poverty rates overlaid (Map 6.24, panel b) shows that the absolute 

impact is rather limited, with intermediate overlapping poverty rates and asset damage visible most 

strongly in northern Khulna and western Chattogram Divisions. The EAI is also pronounced in and 

around Dhaka, yet the lower poverty rates there suggest adaptative measures could be put in place 

more easily, thereby lowering the vulnerability—and hence the risk—of communities in these better-

off urban environments. 

Map 6.24: Expected Annual Exposure of Built-Up Assets to Tropical Cyclones in Bangladesh using Quantile (panel a) and 
Predefined (panel b) Cutoffs 

            Panel a                                  Panel b 

 
Source: World Bank, original maps developed for this report based on data from the 2016 HIES (BBS 2016-2017), 

NOAA 2018 and WSF 2019. 

f. Air pollution risk 

PM2.5 concentrations have exceeded the WHO norm of 37.5 µg/m3 maximum for a 24-hour mean on 

average every single year for which data are available across the whole of Bangladesh. By this metric, 

most of the country even breaks the 80 µg/m3 boundary (dark brown on Map 6.25 below), indicating 

just how severe the air pollution situation is in Bangladesh. This all-encompassing hazard predicts 

severe public health consequences, especially in densely populated areas where concentrations exceed 

health norms. Linking hazard to population exposure and adding the mortality impact function 

associated with high PM2.5 concentrations, as done in Map 6.26 for upazilas confirms this worrying 

hypothesis. In highly urbanized areas, Dhaka in particular, millions of citizens are at increased 

mortality risk because of air pollution. 
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Map 6.25: Mean Air Pollution (PM2.5 concentration) across Bangladesh, 1998-2019 

 
Source: World Bank, original map developed for this report based on data from Van Donkelaar et al. 2021. 
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     Map 6.26: Increased Mortality from PM2.5 Air Pollution, 1998-2019 

 
Source: World Bank, original map developed for this report based on data from Van Donkelaar et al. 2021 

and WorldPop 2020. 

A risk pattern similar to that seen for heat stress risk emerges for air pollution risk when the 2016 

poverty rates are overlaid on the PM2.5 concentrations, both in the quantile (Map 6.27, panel a) and 

predefined class distribution (Map 6.27, panel b).  

Again, the more densely populated upazilas of northern Rangpur, Rajshahi, and Mymensingh 

Divisions, as well as of the very northeast of Dhaka Division and southwestern Chattogram Division 

show a possibly devastating combination of high poverty rates and the highest expected annual 

population impact on mortality from pollution.  

The communities in these areas are therefore most at risk of the negative health consequences brought 

about by high PM2.5 concentrations. Similar to what was seen for heat, the exception to the double 

burden of high pollution and high poverty/high population density is eastern Chattogram Division. 

The lower population density and slightly lower concentration of pollutants implies that risk in this 

area is lower, irrespective of the high poverty rates found in the upazilas there. 
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Map 6.27: Expected Annual Impact of Air Pollution on the Population in Bangladesh using Quantile (panel a) and 
Predefined (panel b) Cutoffs 

Panel a              Panel b 

 
Source: World Bank, original maps developed for this report based on data from the 2016 HIES (BBS 2016-2017), 

Van Donkelaar et al. 2021, and WorldPop 2020. 

 

7. The compounding effect of risk 
 

The overview of the population, built-up asset, and agricultural exposure to and impact of natural 

hazards in combination with the 2016 poverty rates at the upazila level shows the grave risks to 

communities and their assets arising from a co-occurring set of climate-related risks, causing 

disproportional damage and disrupting lives and livelihoods. Two aggregations of upazilas in 

Bangladesh face particularly challenging environmental conditions. Firstly, the western upazilas of 

Mymensingh and the eastern upazilas of Rangpur combine a high annual impact of riverine flooding 

with a high exposure to heat stress, agricultural drought, and air pollution. The high rates of poverty 

in these areas call for the explicit attention of policymakers and development partners in ensuring that 

the lives and livelihoods of these population groups are protected in the face of climate-related 

disasters through adaptative and preventative measures. A similar level of attention should be given 

to Chattogram Division, which should be disaggregated into southeastern and southwestern sections, 

since different dynamics are at play. Whereas the highly deprived southeast faces considerable 

landslide risk, the southwest is confronted with co-occurring issues of coastal floods, heat, drought, 

tropical cyclones, and air pollution, which require specific and tailored preventative and adaptative 

interventions and capacities. 

While these hotspots of concern show the areas and communities at highest risk today, it is important 

to explore whether poverty trends over time show a consistent, diverging pattern for more, or less, 

hazard-affected and exposed spatial units. To that end, we refer back to Map 2.3, which shows the 
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change in poverty headcount rates between 2010 and 2016. In addition, Map 7.1 shows for how many 

of the seven included hazards—riverine floods, coastal floods, heat stress, drought, tropical cyclones, 

landslides, and air pollution—each upazila falls into the highest decile of relative population or built-

up asset exposure. 

Map 7.1: Co-Occurring Hazard Exposure for Bangladesh’s Upazilas 

 

Source: World Bank, original map developed for this report based on data from Fathom 2022, 

World Bank-ARUP 2022, World Bank-GFDRR 2017, FAO 2022, NOAA 2018, and Van 

Donkelaar et al. 2021. 

Comparing the 2010-2016 poverty trends with the co-occurring exposure to natural hazards captured 

in Map 7.1, a worrisome observation emerges: in the areas that have seen the starkest increase in 

poverty, natural hazards tend to have the highest, co-occurring impacts. Upazilas in eastern and 

southwestern Chattogram, southern Barisal, and across Rangpur and Rajshahi Divisions fall into the 

highest exposure decile for three or even four natural hazards, with a similar intensity and co-

occurrence of exposure seen in southern Khulna and central Dhaka Divisions. This raises particular 

concern about the reduced ability of these impoverished communities to prevent or adapt to the 

impacts of climate change.  

This correlation between the compounding impact of natural hazards and poverty is emphasized by 

box plots showing the correlation between the 2010 and 2016 poverty rates and the number of hazards 

by which upazilas are severely affected (Figure 7.1), as well as the relationship between the change in 

poverty rates over time and these coinciding hazards (Figure 7.2). 

 

https://sites.wustl.edu/acag/datasets/surface-pm2-5/#V5.GL.02
https://sites.wustl.edu/acag/datasets/surface-pm2-5/#V5.GL.02
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Figure 7.1: 2010 and 2016 Poverty Rates and Co-Occurring Hazards for Hazard-Exposed Upazilas 

 
Source: World Bank, original figure developed for this report based on data from Fathom 2022, World Bank-

ARUP 2022, World Bank-GFDRR 2017, FAO 2022, NOAA 2018, and Van Donkelaar et al. 2021. 

Figure 7.2: Change in Poverty Rates and Co-Occurring Natural Hazards for Hazard-Exposed Upazilas  

 
Source: World Bank, original figure developed for this report based on data from Fathom 2022, World Bank-

ARUP 2022, World Bank-GFDRR 2017, FAO 2022, NOAA 2018, and Van Donkelaar et al. 2021. 

The figures highlight that upazilas with populations and built-up assets that are heavily exposed to 

three or four co-occurring natural hazards show no substantial decline in poverty rates between 2010 

and 2016, whereas those with lower co-occurring exposure (0, 1, or 2 hazards for which they appear 

in the top 10 percent of the most exposed upazilas) show a mild or even stark decline in poverty rates 

over this period. While causation cannot be confirmed, this pattern suggests that climate change-

related natural hazards could pose a barrier to lowering poverty rates, hampering the achievement of 

development outcomes, and lowering the resilience of communities. In addition, the findings might 

https://sites.wustl.edu/acag/datasets/surface-pm2-5/#V5.GL.02
https://sites.wustl.edu/acag/datasets/surface-pm2-5/#V5.GL.02
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also point to an out-migration of wealthier households, with poorer, more vulnerable households 

remaining behind in hazard-affected areas. Increasing resilience to natural hazards should therefore 

be a top priority in eastern and southwestern Chattogram, southern Barisal, Rangpur, and Rajshahi 

Divisions, where both poverty and natural hazards pose a double burden and show a worsening trend 

over time. 

8. A look ahead: changing risks in the face of climate change 
 

a. Climate projections: the why and how 

Climate change is a major risk to the achievement of good development outcomes and the dual 

objectives of the World Bank Group (WBG 2013) to end extreme poverty and promote shared 

prosperity. Having established the present-day risks posed by the exposure of people, built-up assets, 

and agricultural land to a wide variety of natural hazards, a forward-looking perspective needs to be 

adopted to explore how climate risks are set to develop across space in the decades ahead. Forecasting 

the geographic risk patterns speaks to the objectives of the WBG’s 2019 Action Plan on Adaptation 

and Resilience, aiming to help countries shift from addressing adaptation as an incremental cost and 

isolated investment to systematically incorporating climate risks and opportunities at every phase of 

policy planning, investment design, implementation, and evaluation of development outcomes (WBG 

2021a). 

The screening and assessment of future impacts of natural hazards from climate change typically 

involve the comparison of baseline conditions (observed or simulated) against future scenarios of 

climate variability. These baseline conditions are determined by computing the long-term average of 

a climate variable, setting a baseline historical value for a climate variable defined as the norm. 

Projections of this climate variable in the future will show anomalies, or deviations, of this variable 

relative to the historical baseline. The magnitude of these anomalies depends strongly on the future 

time horizon studied and the climate change scenario used. 

To set this baseline and model projected anomalies for the future, we obtained data from climate 

models released under the IPCC Sixth Assessment Report (AR) framework (IPCC 2021a). ARs are 

supported by coordinated climate modeling efforts referred to as Coupled Model Intercomparison 

Projects (CMIP). IPCC AR5, released in 2013, featured climate models from CMIP5. The 2021 AR6 

features new CMIP6 models, which substantially expands the number of participating groups (49), 

climate models (100), and future scenarios examined (8). 

We drew on CMIP6 data for our future modeling, and took into account three climate change 

scenarios, called Shared Socioeconomic Pathways (SSPs)—previously called Representative 

Concentration Pathways or RCPs in CMIP5. These pathways cover the range of possible future 

scenarios of anthropogenic drivers of climate change by accounting for various future greenhouse gas 

emission trajectories, as well as a specific focus on carbon dioxide (CO2) concentration trajectories 

(IPCC 2021b). First, we included SSP1/RCP2.6, a scenario with low greenhouse gas emissions and 

CO2 emissions declining to net zero after 2050, followed by net negative CO2 emissions. Next, we 

looked at SSP2/RCP4.5, with intermediate greenhouse gas emissions and CO2 emissions remaining 

https://www.worldbank.org/en/news/feature/2013/04/17/ending_extreme_poverty_and_promoting_shared_prosperity
https://www.worldbank.org/en/news/feature/2013/04/17/ending_extreme_poverty_and_promoting_shared_prosperity
https://documents1.worldbank.org/curated/en/519821547481031999/The-World-Bank-Groups-Action-Plan-on-Climate-Change-Adaptation-and-Resilience-Managing-Risks-for-a-More-Resilient-Future.pdf
https://documents1.worldbank.org/curated/en/519821547481031999/The-World-Bank-Groups-Action-Plan-on-Climate-Change-Adaptation-and-Resilience-Managing-Risks-for-a-More-Resilient-Future.pdf
https://climateknowledgeportal.worldbank.org/sites/default/files/country-profiles/15502-WB_Bangladesh%20Country%20Profile-WEB.pdf
https://climateknowledgeportal.worldbank.org/sites/default/files/country-profiles/15502-WB_Bangladesh%20Country%20Profile-WEB.pdf
https://www.ipcc.ch/assessment-report/ar6/
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM_final.pdf
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near current levels until the middle of the century before dropping off. As a final scenario, we 

incorporated SSP5/RCP8.5, a very high greenhouse gas emission scenario with CO2 emissions that 

roughly double from current levels by 2050. As a time horizon, the period 2041-2060 was selected, 

allowing us to assess climate risks around the middle of the century. 

b. Modeled variables: projecting changes in precipitation and temperatures 

The three included climate scenarios each predict different spatial patterns, intensities, and frequencies 

of future natural hazards. This provides crucial information on which geographic areas are at the 

highest risk of climate-related disasters under a specific climate pathway. With a gridded resolution of 

about 100 kilometers, we were able to aggregate this modeled information at the level of Bangladesh’s 

divisions and pinpoint which divisions are likely to face an increase or reduction in the frequency and 

intensity of a specific natural hazard under specific SSP scenarios. Underlying these projections are 

several key climate variables connected to changing patterns of precipitation and temperature, 

summarized in Table 8.1. Looking at the number of consecutive wet days, days with rainfall over 10 

millimeters, precipitation volume on extremely wet days, maximum five-day precipitation, and sea 

level rise allowed for the forecasting of likely changes in the risk of floods and rainfall-induced 

landslides across Bangladesh. We used the WBGT heat index to predict spatial changes in heat stress 

for the three climate scenarios. Finally, the number of consecutive dry days and the Standardized 

Precipitation-Evapotranspiration Index (SPEI) allowed for the assessment of projected changes in 

drought patterns for the country. No projections for air pollution or tropical cyclones can be made. 

Table 8.1: Climate Variables Underlying Climate Projections 

 
 

 

 

 

 

 

 
Source: 

World Bank, original table developed for this report. 

Note: SPEI – Standardized Precipitation-Evapotranspiration Index; WBGT – wet bulb globe temperature.  

c. Flooding and landslide projections 

Five variables underly the projection of changes in floods and rainfall-induced landslides: the modeled 

annual days of rainfall with over 10 millimeters of precipitation (Map 8.1), the annual number of 

consecutive wet days (Map 8.2), the maximum precipitation over five days (in millimeters, Map 8.3), 

the precipitation during extremely wet days (in millimeters, Map 8.4), and the projected annual average 

rise in sea levels (in centimeters/year, Map 8.5).  

Hazard Associated Climate Indices Unit of Measurement 

Floods and 
landslides 

Rainfall > 10 mm Days per year 

Consecutive wet days Days per year 

Maximum 5-day precipitation mm 

Extremely wet days  mm 

Sea level rise mm/year 

Drought 
Annual SPEI Dimensionless 

Consecutive dry days Days per year 

Heat stress WBGT heat index °C 
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Each of these mapping ensembles has a similar structure. The gridded historical mean over the 

baseline period 1995-2014 is shown in the top left, with the historical division average over this period 

shown on the map at the bottom left. The second, third, and fourth columns represent the projected 

anomalies for the climate variables under SSP1 – 2.6 (second column), SSP2 – 4.5 (third column), and 

SSP5 – 8.5 (fourth column). The top row shows the gridded, standardized anomalies derived from 

CMIP6 for our time horizon of 2041-2060, while the bottom row shows the average standardized 

anomaly for each division in Bangladesh. Below the maps, for each climate variable, the historical 

variation during the baseline period is shown together with the projected future anomalies for the 

three SSPs. 

The historical baseline period shows a clear pattern of wet conditions across Bangladesh, particularly 

in the eastern and southern divisions, across the four precipitation-related variables. Rangpur, 

Mymensingh, and Sylhet Divisions face the most intense precipitation patterns, whereas Khulna 

Division has the overall lowest annual number of consecutive wet days, days with rainfall over 10 

millimeters, extreme precipitation events, and volume of rainfall over a five-day period. In contrast, 

however, Khulna Division is particularly vulnerable to sea level rise. 

Map 8.1: Climate Change Projections – Rainfall over 10mm (days/year) for Bangladesh 

 
Source: World Bank, original maps developed for this report. 

Note: SD – standard deviation; ADM1 – First-level administrative unit, divisions. 
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Map 8.2: Climate Change Projections – Consecutive Wet Days (days/year) for Bangladesh 

 
Source: World Bank, original maps developed for this report. 

Note: SD – standard deviation; ADM1 – First-level administrative unit, divisions. 

Map 8.3: Climate Change Projections – Maximum 5-Day Precipitation (mm) for Bangladesh 

 
Source: World Bank, original maps developed for this report. 

Note: SD – standard deviation; ADM1 – First-level administrative unit, divisions. 
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Map 8.4: Climate Change Projections – Extremely Wet Day Precipitation (mm) for Bangladesh 

 
Source: World Bank, original maps developed for this report. 

Note: SD – standard deviation; ADM1 – First-level administrative unit, divisions. 

Map 8.5: Climate Change Projections – Average Sea Level Rise (cm) for Bangladesh 

 
Source: World Bank, original maps developed for this report. 

Studying the climate projections for the five precipitation-related variables, a rather more complex 

spatial pattern emerges. While patterns of cumulative rainfall over five days or consecutive wet days 

are likely to remain static or see a slight increase in standardized anomalies in the 2041-2060 period 

compared to the 1995-2014 baseline period, the number of days with rainfall over 10 millimeters and 

quantities of precipitation during extremely wet days show a strong upward trend. While the forecasts 

for days with rainfall over 10 millimeters are consistent across the three SSPs, projected anomalies in 

precipitation during extremely wet days are starker for the higher-emission future scenarios, in 

particular SSP5 – 8.5. 
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While no structural changes in overall precipitation patterns and conditions of wetness are thus 

expected for Bangladesh, the rainfall volumes during extremely wet days and the frequency with which 

such days occur are set to substantially increase. This is particularly the case in the northern divisions, 

which already face the most severe precipitation events, though increases are projected across the 

country throughout the 2041-2060 period. In the case of the higher greenhouse gas emission scenarios, 

these increases will be exacerbated. Along the coastline, the starkly growing anomalies of sea level rise 

raise tremendous concerns, in particular for Khulna Division, which will see the greatest increase in 

standardized sea level rise anomalies by mid-century—of over 40 centimeters—in any climate change 

scenario. 

The projected increase in extreme rainfall events, particularly in the northern divisions, in combination 

with strong sea level rise, is alarming, particularly as this can go hand in hand with more frequent and 

severe coastal and riverine flooding and rainfall-induced landslides. Thus, adaptative measures to 

prevent an increase in mortality and damage to built-up and agricultural assets will need to be taken, 

with particular attention to the north of the country and along the coastal floodplains. 

d. Drought projections 

Two variables underpin the projection of changes in drought patterns across Bangladesh: the number 

of consecutive dry days per year (Map 8.6), and the 12-month SPEI (Map 8.7). The SPEI has been 

found to be closely related to drought impacts on ecosystems, crop, and water resources, and has been 

designed to take into account both precipitation and potential evapotranspiration in determining 

drought (WBG 2022b). It is important to note that negative SPEI values indicate drier conditions. 

The mapping ensembles for these drought-related variables follow a similar design to the 

precipitation-related variables, again with the 1995-2014 period as a historical baseline. 

Both variables offer a complementary, yet slightly different, spatial picture. The SPEI shows little 

change in the standardized anomalies under any of the SSPs compared to the baseline. This suggests 

that little change is expected in agricultural drought patterns during the 2041-2060 period compared 

to the 1995-2014 baseline period. The climate projections therefore do not foresee a significant 

worsening—or improvement—of this spatial pattern of agricultural drought in the decades ahead. 

However, under all three SSPs, and in particular under the high-emission SSP (SSP5 – 8.5), the number 

of annual consecutive dry days is forecasted to increase mildly, as the standardized anomalies will 

increase above the historical baseline. However, this increase is limited, and uniform across 

Bangladesh. Areas with a historical pattern of a large number of consecutive dry days each year, mainly 

the western divisions, are thus set for a further increase in short-term dry episodes mid-century, 

particularly in the event of sharply rising greenhouse gas emissions. Elsewhere, standardized anomalies 

rise as well, yet this increase is comparatively smaller, suggesting the historical patterns are unlikely to 

shift significantly. 

This limited shift in projected drought patterns suggests that current agricultural drought concerns—

closely related to food pricing and security—will remain valid in the decades ahead. 

https://databank.worldbank.org/metadataglossary/environment-social-and-governance-(esg)-data/series/EN.CLC.SPEI.XD
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Map 8.6: Climate Change Projections – Consecutive Dry Days (days/year) for Bangladesh 

 
Source: World Bank, original maps developed for this report. 

Note: SD – standard deviation; ADM1 – First-level administrative unit, divisions. 

Map 8.7: Climate Change Projections – Standardized Precipitation-Evapotranspiration Index for Bangladesh 

 
Source: World Bank, original maps developed for this report. 

Note: ADM1 – First-level administrative unit, divisions. 
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e. Heat projections 

Projections for the change in heat patterns under the three climate change scenarios were determined by 

modeling the WBGT heat index (Map 8.8). Under all three SSPs, and relatively uniformly across Bangladesh, 

the standardized anomalies of heat are forecasted to increase relative to the 1990-2010 baseline period used for 

this indicator. Please note the slightly altered baseline period due to data availability. This increase is 

considerably greater under the higher-emission future scenarios, and particularly significant in historically cooler 

divisions such as Chattogram. 

The projected rise in temperatures is concerning, since it indicates increased heat stress across Bangladesh by 

the 2041-2060 period, potentially putting even more lives at risk. The fact that this increase is fairly homogenous 

across the entirety of the country’s territory raises particular questions on adaptation and prevention for urban 

environments, where heat has historically been a cause of significant climate risk. 

Map 8.8: Climate Change Projections – WBGT Heat Index (°C) for Bangladesh 

 
Source: World Bank, original maps developed for this report. 

Note: SD – standard deviation; ADM1 – First-level administrative unit, divisions. 

9. Compounding challenges: the multiplicity of mid-century climate risks 
 

Combining this diverse set of climate change variables, and cutting across SSPs, a worrisome picture 

emerges for Bangladesh, in particular in relation to heat stress, riverine and coastal flooding, and 

landslides for the period 2041-2060. Current heat stress patterns are set to increase in severity, and 

while overall precipitation patterns are unlikely to considerably alter, extreme rainfall events are likely 

to increase in magnitude. The fact that we are only two decades away from these scenarios 

materializing calls for prompt and decisive adaptation and prevention, while mitigation of greenhouse 
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gas emissions stands out as equally important, as the adverse effects of climate change will deepen 

under worse emission conditions. 
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