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Abstract

With its low altitude deltaic geography and densely populated, agriculture-based society,
Bangladeshisamongthe mostvulnerable countries in the world when it comes to climate change.
Global warming is no longer an abstract threat in the far future, but has been observed and felt
in recent decades as increasing temperatures and stronger and more frequent heatwaves. In
this report, we examine how the climate will continue to unfold until 2100, using state-of-the-art
climate model data (NEX-GDDP-CMIP6) to explore how various levels of greenhouse gas
emissions could impact important aspects of climate and society. Assuming continued high
emissions of greenhouse gases, Bangladesh would likely experience a warming of +1.5 °C
to +4.5 °C. Heatwaves are expected to continue to rise in severity and frequency, and may in
parts of Bangladesh be a threat throughout the year. There is also a significant risk of more
extreme precipitation, which may result in local flooding and slides. The compound effects of sea
level rise and storm surges, especially during cyclones, poses a threat to coastal communities.
Climate change will affect all sectors of Bangladesh, and there is an urgent need for local climate
adaptation and international climate mitigation measures to protect lives, livelihoods, and
ecosystems in Bangladesh.
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In the last century, the temperature on Earth has increased at an alarming rate. The primary
cause is the increasing levels of greenhouse gases in the atmosphere, caused by human
activity: the burning of fossil fuels, land use change and deforestation. The warming trend has
been accompanied by an acceleration of the water cycle, changes in weather patterns, melting
of the cryosphere, and severe impacts on ecosystems (Field et al., 2012; IPCC, 2021).

In Bangladesh, the effect of this warming trend has already been felt in stronger and more
frequent heatwave conditions (defined in Bangladesh as three consecutive days with
maximum temperature above 36 °C). In recent decades, heatwave days have been observed
more often, both in the pre-monsoon season, which is known to be very hot, and in the
monsoon season in which such heat has historically been a rare occurrence (Rashid et al., 2024).

Projections of the future climate of Bangladesh based on model output (the ensemble mean
of 23 climate models from the NASA Earth Exchange Global Daily Downscaled Projections,
NEX-GDDP-CMIPB) with a scenario of continued high emissions of greenhouse gases
(SSP3-7.0) show the following main tendencies in the future:

Mid-century (2041-2070):

® The increase in daily mean temperature is projected to be between +1 °C and +2 °C,
depending onthe region and season, with the largest increase in the post-monsoon season.

e The daily maximum temperature is expected to increase by approximately +1.0 °C to +2.5
°C, with the largest increase in the post-monsoon season.

® The daily minimum temperature is projected to increase by approximately +2.0 °C to
+3.0 °C, indicating a stronger warming at night than during the day.
End of the century (2071-2100):

® The increase in daily mean temperature is projected to be between +1.5 °C and +4.5 °C,
with the largest increase in the winter season.

® The daily maximum temperature is expected to increase by +1.5 °C to +4.0 °C, with the
largest increase in the winter season.

® The daily minimum temperature is expected to increase by +3.0 °C to +4.5 °C, with some
regions like Rangpur and Rajshahi potentially experiencing extreme increases of over
+5.0 °C.

The effects of the warming will be a further increase in heatwaves, and for some regions,
especially in the western part of the country, heatwaves will have a strong presence in all
seasons.

There is greater uncertainty for the precipitation in the future. Globally, a trend toward more total
precipitation but a smaller area of the Earth with precipitation on a given day suggests
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more heavy precipitation. For Bangladesh, where most of the precipitation is associated with the
monsoon, total monsoon rainfall is projected to increase by about 15% (ensemble mean).
Regional variations indicate that the northeastern parts of the country will receive the largest
increase in precipitation. Combining this signal with the global signal of stronger precipitation
showers, one may expect more extreme precipitation.

The global sea level is rising due to global warming. This increase is partly due to thermal
expansion of sea water and partly due to melting of glaciers. The increase in global sea
level is a slower process than the increase in air temperature, and is expected to continue for
centuries. In the latest assessment report from the IPCC (AR6), global sea level rise
projections under a high emission scenario (SSP5-8.5) are summed up to have a median of
0.77 m by the end of the 21st century with a likely range of 0.63 to 1.01 m. In Bangladesh, the
compound effects of sea level rise, storm surges, and waves, especially during cyclones, could
be devastating for coastal communities. Chronic sea level rise could displace around 0.9 million
people in Bangladesh by 2050.

The warmer and wetter climate will affect all sectors of Bangladesh; e.g. there is an indication
that the risk of dengue and malaria might increase. The sea level rise will worsen challenges
with coastal flooding and salt intrusion, threatening agriculture, fisheries and drinking
water supplies. High temperatures increase the risk of serious heat-related illnesses, both
immediate and chronic, and heat waves pose a threat to labor health and productivity.

These examples of effects from global warming underscore the urgent need for local climate
adaptation and international climate mitigation measures to protect lives, livelihoods, and
ecosystems in Bangladesh. It's important to bear in mind that global warming is not a sector
challenge, but a challenge that needs a cross-sectoral approach and thus requires strong
collaboration on all levels of the society.
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Introduction

The climate on the Earth is changing at an unprecedented and alarming rate. Increasing
levels of greenhouse gases have resulted in a global warming which is apparent in long-term
data from the atmosphere and ocean and has had a measurable effect on the water cycle,
biosphere, and cryosphere (Field et al., 2012). The global surface temperature for the time
period 2011-2020 was 1.1 °C higher than during the historical period 1850-1900 (IPCC, 2021).
Moreover, the last ten years (2015-2024) have been the ten hottest years on record since
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direct reliable temperature measurements started to become available almost 200 years ago
(NOAA, 2025). In Bangladesh, analysis of historical climate data from 1901 to 2022 reveals that
the annual daily average surface air temperature has risen by nearly 2 °C over the past 120 years
(Jihan et al., 2025).

Global warming is also associated with increased frequency and intensity of extreme events,
including heatwaves, heavy rainfall events, floods, droughts, and wildfires (Clarke et al., 2022,
IPCC, 2019). Climate change represents a severe threat to the health, safety and quality of life
of humans and animals (Costello et al., 2009). Changes in the global climate are expected to
continue over the coming century due to the continued burning of coal and fossil fuels and
deforestation. The severity of the consequences will depend on the ability of humanity to rein in
its greenhouse gas emissions.

Climate change is typically described in terms of the global mean temperature, but the
associated changes in the climate system are not equally distributed across the globe. The
highest social and mortality consequences of climate change tend to fall on the Global South,
particularly on countries that have contributed the least to historical and current greenhouse
gas emissions (Uddin, 2017; Bressler, 2021; Nordhaus, 2017). Bangladesh is one of the most
vulnerable countries to climate change due to its low-altitude deltaic geography, which makes
it highly vulnerable to sea level rise, and its densely populated, agriculture-dependent society
(Hoque et al., 2019; Khanom, 2016; Mohammed et al., 2018). Regional changes such as land
development and changes in land use have also affected the temperature and precipitation
trends in Bangladesh since the last century (Fahad et al., 2017).

The Constitution of the People’s Republic of Bangladesh clearly states an obligation to
protect the environment that its citizens live in and depend on: “The State shall endeavor to
protect and improve the environment and to preserve and safeguard the natural resources,
bio-diversity, wetlands, forests and wildlife for the present and future citizens” (Act No. of 1972,
Article 18A). In this report, we aim to gather information about how climate change could
play out in Bangladesh until the end of the century, to provide a basis for informed decision-
making and further research. The report is based on analyses of data from state-of-the-art global
climate models, downscaled to fine spatial resolution, as well as findings from relevant
scientific publications, including the latest report from the Intergovernmental Panel on
Climate Change (IPCC, 2021).

The historical climate of Bangladesh has been examined and described based on
observational data from stations in the country in Khatun et al. (2016), and changes in the
climatological conditions in the period 1981-2023 were investigated in Rashid et al. (2024).
In this report, we focus on the future and investigate how different emission scenarios could
influence the climate of Bangladesh. The scenarios range from optimistic forecasts, where
humans manage to reduce greenhouse gas emissions in the next few decades, to those that
represent a failure to phase out fossil fuels at sufficient speed or at all. Towards the end of the
century, the levels of greenhouse gas emissions result in vastly different outcomes in terms of
warming and sea level rise. The diverging levels of projected climate change emphasize that the
future is not set in stone and that this generation holds the power and responsibility for what the
world will be like for decades and centuries to come.
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Data sources and methods

Climate models and downscaling

Our collected knowledge about the climate system is based on a long history of scientific
studies, theoretical and empirical, as described in Chapter 1.3 of the IPCC Sixth Assessment
Report (AR6; IPCC, 2021). Much of the climate change and variations predicted by theory have
been observed in historical records of the atmosphere, cryosphere, ocean and biosphere.
Climate models provide a further opportunity to investigate the climate system and how it
responds to internal variations and external forcings.

Climate projections are representations of possible outcomes of the Earth's climate for
future decades (typically until 2100) as it is simulated based on assumed 'scenarios' for the
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concentrations of greenhouse gases, aerosols, and other atmospheric constituents that
affect the Earth's radiative balance. Climate projections are obtained by running numerical
models of the Earth's climate, covering the whole globe or a selected region. These
models are referred to as Global Climate Models (GCMs) or Regional Climate Models
(RCMs). Climate models are based on equations that describe physical processes within and
interactions between various parts of the Earth system, e.g., the transfer of solar and thermal
radiation through the atmosphere, the atmospheric circulation and the water cycle. Chemical
reactions in the atmosphere and ocean, and the interactions between the atmosphere, ocean
and biosphere can also be included. Climate models that incorporate physical, chemical and
biological processes and their interactions in the Earth System are known as Earth System
Models.

GCMs are valuable tools for exploring possible global futures based on certain conditions
e.g. climate scenarios, but the simulations should not be interpreted as predictions in the
same way as weather predictions, e.g. for a specific outcome on a specific date. The coarse
resolution of the GCMs make them unfit to explore the fine-scale heterogeneities of
climate variability and change. Topographic features like mountains, glaciers, water bodies,
infrastructure, land-cover characteristics and components of the climate system are in reality
finer than the resolution of GCMs. However, these heterogeneities are often essential to the
impact modelers and decision-makers who require information on potential impacts on crop
production, hydrology, species distribution etc. Many methods have been developed to
provide high-resolution information about climate change to meet society's requirements for risk
assessment and decision-making.

The derivation of fine-scale climate information from GCM output is called downscaling. There
are many downscaling methods, but they can broadly be divided into two groups: dynamical
downscaling and empirical-statistical downscaling. Dynamical downscaling refers to the use of
an RCM with higher spatial resolution, from 50 x 50 km down to 5 x 5 km or even less (Giorgi
and Gutowski, 2015). Empirical-statistical downscaling (ESD) is based on establishing statistical
relationships between historical and current large-scale atmospheric and local climate variables
and then applying that statistical model to calculate future changes in local climate variables
from GCM projections (Murphy, 2000; Schmidli et al., 2007; Benestad et al., 2008; Hewitson
et al.,, 2014; Labeurthre et al., 2024). Both approaches are based on the assumption that the
local climate is determined by the interactions between large-scale atmospheric characteristics
(circulation, temperature, moisture, etc.) and local conditions (water bodies, mountain ranges,
land surface properties, etc.).

Dynamical and empirical-statistical downscaling both have their strengths and weaknesses.
RCMs are, just like GCMs, based on physics and provide a more consistent representation
of multiple variables within the regional domain, but is more computationally expensive.
Statistical downscaling can be used to produce location-specific climate projections for a
particular station, while RCMs provide projections that are only as fine as the spatial grid of
the model. Furthermore, since ESD methods are typically computationally efficient, they can
be applied to large ensembles of GCMs (many model simulations) and multiple emission
scenarios, describing different socio-economic developments and associated levels of
greenhouse gases. The ESD approach depends on the critical assumption that the
relationship between present large-scale and local climate is stationary under different
forcing conditions in the simulated future (Zorita and von Storch, 1999).
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Emission scenarios

To capture a range of possible future developments in global society, demographics,
economy, and technology, and their implications for greenhouse gas concentrations in the
atmosphere, a new set of scenarios referred to as the Shared Socioeconomic Pathways
(SSPs) was developed as part of Phase 6 of the Coupled Model Intercomparison Project (CMIP6)
(Eyring et al., 2016).

The SSPs describe five distinct trajectories that global society could follow over the coming
centuries (Meinhausen et al., 2020):

SSP1: a future of sustainability-focused growth and equality;

SSP2: a “middle of the road” scenario where trends follow historical patterns;

SSP3: a world of regional rivalry and resurgent nationalism with worsening inequalities;

SSP4: increasing inequalities and stratification across and within countries;

SSP5: unconstrained growth in economic output fueled by intense use of fossil fuels.

Within each SSP, there are several possible emission scenarios that are compatible with the
described socio-economic development, but mitigation and adaptation efforts are easier
in some versions of the future than others. The level of emissions is reflected in the name of
the scenarios in terms of the expected levels of increase in Earth's energy balance (radiative
forcing) by the year 2100 (1.9 to 8.5 W/m2). For example, SSP1-2.6 is the sustainable growth
scenario SSP1 with emissions that result in 2.6 W/m2 radiative forcing by the end of the
century, and SSP3-7.0 is the regional rivalry scenario with emissions that results in a 7.0 W/m2
radiative forcing within the same time frame.

In this report, we consider the four ‘Tier 1’ emission scenarios that have been a top priority in the
scenario model intercomparison project in CMIP6 (IPCC, 2021):

e SSP1-2.6, which is a low emission scenario, where CO2 emissions cut to net zero around
2050 and the likely global warming ends up in the range of 1.0-1.8 °C by 2100, meeting the
target of limiting warming to 2 °C or less, but not the 1.5 °C target.

®* SSP2-4.5, which is a medium emission scenario which results in a global mean
warming in the range of 2.1-3.5 °C by the end of the century.

e SSP3-7.0, which is a high emission scenario, where CO2 emissions double by 2100 and
the expected global mean temperature increases by 2.8-4.6 °C.

e SSP5-8.5, which may be considered an extreme scenario with tripled CO2 emissions by
2100 and a global warming of 3.3-5.7 °C.

The likelihood of the different scenarios was not quantified in the sixth IPCC report on climate
change (IPCC, 2021). Rather, they were used to explore how different societal and political
choices would impact the global climate and risks of climate related hazards.
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The choice of a scenario is based on what one wants to study and achieve. As stated above,
IPCC does not quantify or point to any of the scenarios as more likely than others. This lack
of quantification by IPCC does not imply that all scenarios have the same likelihood. The
lack of mitigation on a global scale so far basically eliminates the probabilities of the low
emission scenarios. Similar to the unlikeliness of the low emission scenarios, the high
emission scenarios, in particular SSP5-8.5, appears to be on the extreme side, thus
leaving moderate scenarios like SSP2-4.56 and SSP3-7.0 as more likely future developments. The
precautionary principle indicates, in the choice of a scenario, to err on the pessimistic side.
Based on this argument, the scenario SSP3-7.0 will receive the most thorough examination, and
we recommend using this as a basis for climate adaptation.

Empirical-statistical downscaling, CMIP6-NEX-GDDP

For the empirical-statistical downscaling, the analysis in this report was based on the NASA
Earth Exchange Global Daily Downscaled Projections (NEX-GDDP-CMIP6) data set, which
provides statistically downscaled global climate model output on a common 0.25° x 0.25°
(longitude by latitude, corresponding to 25 km x 28 km for Bangladesh) grid at daily
temporal resolution (Thrasher et al., 2022). The NEX-GDDP-CMIP6 ensemble consists of
simulations from 35 global climate models from CMIP6 (Eyring et al., 2016). However, not all
models offer data for every emission scenario (SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5) or
for all meteorological variables considered in this report (namely daily precipitation sum,
daily mean, maximum and minimum surface temperature). Based on both data availability and
validation of the NEX-GDDP-CMIP6 data, through comparison with gridded observational
data for Bangladesh, a subset of 23 models was selected for the analysis. The full and
reduced NEX-GDDP-CMIP6 ensembles are listed in Table A1 of the Appendix, along with a
description of the data validation process (Figures A1.1-A1.11).

In Chapter 4, the present day climate of Bangladesh is presented based on analysis and
visualisation of the seasonal climate patterns of the NEX-GDDP-CMIP6 data for the reference
period 1985-2014. A comparison of the ensemble mean of this data set to surface-based
observations (Appendix 1, Figures A1.8-A1.11) showed that, for both precipitation and
temperature, the seasonal cycle and spatial patterns closely follow the observed climatology,
indicating that the model data give a realistic picture of the historical climate of Bangladesh.

Time periods considered in the analysis

To avoid noise from effects of large-scale climate variability on shorter terms (years to
decades), like the El Nifio Southern Oscillation, it is common to divide and analyse the data in 30
year periods. The chosen time slices to be presented are:

® Hijstoric reference: 1985-2014
e Mid-century: 2041-2070
® End of the century: 2071-2100.
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The present day climate of
Bangladesh

Bangladesh is a low-lying country with a sprawling deltaic landscape in the south, where
its coastline meets the Bay of Bengal. Most of the territory lies below 100 m in elevation
(Figure 4.1), with the highest points located in the Chittagong Hills in the southeastern region
bordering Myanmar. Covering an area of 148,460 km?2, Bangladesh has a population of over 170
million people, making it the most densely populated country in the world.
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The weather and climate of Bangladesh can be divided into distinct seasons according to
several different criteria. Here, we adhere to a definition commonly used in climate research:
the pre-monsoon or summer season lasts from March to May, followed by the monsoon
season from June to September, the post-monsoon from October to November, and winter from
December to February.

Pre-monsoon season or summer (March-May)

The pre-monsoon season in Bangladesh is characterised by high temperatures, with
April and May being the hottest months of the year. During this season, the average
temperatures range from 25 °C to 29 °C, depending on the region (Figure 4.2a). Daily maximum
temperatures, a measure of the peak daytime temperature, range on average from 29 °C to
36 °C, with the highest values observed in the northwestern and southwestern parts of the
country (Figure 4.3a). In contrast, daily minimum temperatures, which typically occur at night,
range from 19 °C to 25 °C, displaying a slightly different spatial pattern: warmer conditions in the
south and slightly cooler temperatures in the north (Figure 4.4a). The spatial distribution of daily
mean temperatures (Figure 4.2a) reflects a combination of these patterns, with the north-south
gradient of minimum temperatures and high daily maximum temperatures in the west resulting
in generally hotter conditions in the southwest and cooler conditions in the northeast.

Due to the intense heating of the land during the daytime in the pre-monsoon season, surface
heat low-pressure systems tend to develop over Bihar and West Bengal in India, as well as the
northwestern part of Bangladesh. These low-pressure systems facilitate the incursion of moist
air from the Bay of Bengal during the afternoon, creating favourable conditions for the formation
of thunderclouds and severe convective storms. These events, known locally as Nor'westers
('‘Kalbaishakhi' in Bengali), are often accompanied by fierce squalls, thunder and heavy rainfall
with hail.

On average, Bangladesh receives 418 mm of precipitation during the pre-monsoon season,
accounting for just under 20% of its total annual rainfall (Figure 4.5a). Rainfall distribution is
uneven, with eastern regions receiving generally more precipitation (400-1200 mm) than
western areas (0-400 mm). The highest seasonal rainfall, between 1000 mm and 1200 mm,
occurs in the northeastern district of Sylhet.

Monsoon season or Southwest Monsoon (June-September)

The monsoon season in Bangladesh is characterised by widespread cloud cover, heavy
rainfall, and high humidity. During this season, occasional monsoon depressions and
low-pressure systems originating from the Bay of Bengal enhance rainfall across the country.
Over 70% of Bangladesh’s total annual rainfall occurs during the monsoon season. Average
rainfall during the reference period ranges from 1000 mm to 2800 mm, depending on the region
(Figure 4.5b). The precipitation shows a distinct spatial pattern, namely a west-to-east
gradient, with the highest rainfall amounts in the northeastern districts of Sylhet and
Sunamganj (2600-2800 mm), and in the southeastern districts of Cox’s Bazaar and
Bandarban (2400-2600 mm). In contrast, the lowest amounts (1000-1200 mm) were
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observed in the western districts of Rajshahi, Nawabganj, Meherpur, Chuadanga and
Jhenaidha. Heavy to very heavy rainfall in the southeast can sometimes trigger landslides in hilly
regions.

During this season, surface winds shift direction: they become southwesterly/southerly
over the southern and central districts, and southeasterly over the country's northern
districts. Wind speeds during this period tend to be light to moderate. The timing of monsoon
onset and withdrawal varies from place to place and year to year. Typically, the Southwest
Monsoon reaches southeastern Bangladesh in the first week of June and spreads across the
entire country by the first half of June. It begins to withdraw from the northwestern parts of
Bangladesh around 30th of September (Ahmed and Karmakar, 1993).

Despite frequent cloud cover and rainfall, the monsoon season is characterised by high
temperatures as well. Because of the high humidity and cloud cover, average nighttime
(minimum) temperatures range from 24 °C to 27 °C across the country, several degrees
warmer than in any other season (Figure 4.4b). In terms of daily mean temperatures, the
monsoon is the warmest season, with average values between 26 °C and 30 °C (Figure 4.2b).
However, daily maximum temperatures are generally lower than in the pre-monsoon season,
ranging from 29 °C to 34 °C (Figure 4.3b).

Post-Monsoon season or Autumn (October-November)

The post-monsoon season serves as a transitional season between the monsoon and the
winter season. The precipitation declines considerably during October and November,
making the onset of the dry period across the country. However, this period is also
associated with tropical cyclone activity in the Bay of Bengal. These systems typically move
westward initially, then shift northwest, and sometimes re-curve toward the northeast, often
impacting the coastal regions of Bangladesh. Some cyclones during this season may reach
very severe intensity, accompanied by storm surges. On average, around 8% of the total
annual precipitation occurs during this season in the reference period. Rainfall patterns
show regional variations, with less rainfall in the western parts of the country (0-200 mm)
and higher amounts in the east (200-400 mm) (Figure 4.5¢).

Temperatures during the post-monsoon season are between the high temperatures of the
pre-monsoon and monsoon seasons and the cooler conditions of winter. In the reference
period, the average daily mean temperature ranged from 24 °C to 27 °C, with warmer
conditions in the south and cooler temperatures in the north (Figure 4.2c). Daily maximum
temperatures ranged from 29 °C to 32 °C, while minimum temperatures were between 19 °C and
23 °C (Figures 4.1-4.3 c).

Winter Season or Northeast Monsoon (December-February)
The winter season in Bangladesh is characterized by mild temperatures, dry weather, and
predominantly very light north to northwesterly winds. Skies are generally clear, though

occasional cloud cover and fog can occur. During this season, average temperatures range
from 18 °C to 22 °C (Figure 4.2d). As the ridge of sub-continental high pressure extends into
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northwestern Bangladesh, temperatures begin to drop. When minimum temperatures fall
below 10 °C, cold wave situations may develop. In the reference period, average daily minimum
temperatures ranged from 11 °C to 17 °C, with cooler conditions in the north (Figure 4.4d). Daily
maximum temperatures range from 25 °C to 28 °C (Figure 4.3.d). Winter is the driest season of
the year, with only 2% of the total annual rainfall occurring during this season (Figure 4.5d).

Topographical map of Bangladesh

Figure 4.1 Topographical map of Bangladesh with the locations of eight division stations, based on altitude
data from the NASA Shuttle Radar Topography Mission (SRTM) Global data set (SRTM, 2013).
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Temperature (deg C), Historical ensemble mean 1985-2014

a) pre-monsoon b) monsoon

c) post-monsoon d) winter

Figure 4.2 NEX-GDDP-CMIP6 ensemble mean of the daily mean temperature in Bangladesh in the
reference period 1985-2014 for the a) pre-monsoon (March-May), b) monsoon (June-September),
c) post-monsoon (October and November), and d) winter (December—February) seasons. The mean value

of each map shows the country average.
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Maximum temperature (deg C), Historical ensemble mean 1985-2014

a) pre-monsoon b) monsoon

c) post-monsoon d) winter

Figure 4.3 NEX-GDDP-CMIP6 ensemble mean of the daily maximum temperature in the reference
period 1985-2014 for the pre-monsoon, monsoon, post-monsoon and winter seasons in Bangladesh. The
mean value of each map shows the country average.
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Minimum temperature (deg C), Historical ensemble mean 1985-2014

a) pre-monsoon b) monsoon

c) post-monsoon d) winter

Figure 4.4 NEX-GDDP-CMIP6 ensemble mean of the daily minimum temperature in the reference
period 1985-2014 for the pre-monsoon, monsoon, post-monsoon and winter seasons in Bangladesh. The
mean value of each map shows the country average.
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Precipitation (mm), Historical ensemble mean 1985-2014

a) pre-monsoon b) monsoon

c) post-monsoon d) winter

Figure 45 NEX-GDDP-CMIP6 ensemble mean of the average seasonal precipitation sum in the
reference period 1985-2014 for the a) pre-monsoon b) monsoon c¢) post-monsoon and d) winter

seasons. The mean value of each map shows the country average.
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Future projections of
temperature
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Daily mean temperature

The NEX-GDDP simulations project warming across all seasons, with an increase in the
daily mean temperature of +1 °C to +2 °C by mid-century (2041-2070), and of +1.56 °C to
+4.5 °C by the end of the century (2071-2100), depending on the season and region, under
the high-emission scenario SSP3-7.0 (Figures 5.1 and 5.2). The weakest warming is projected
during the monsoon season. By mid-century, the post-monsoon season shows the highest daily
mean temperature increase of +1.8 °C. However, by the end of the century, the highest increase
shifts to winter, with temperatures rising by up to +3.3 °C under SSP3-7.0. While the warming is
relatively uniform across the country, slightly higher increases are projected in the eastern and
northern regions across most seasons, scenarios and time horizons (maps showing results for
other scenarios than SSP3-7.0 are presented in Appendix 2).

Projections under the low and medium emission scenarios initially resemble those of
SSP3-7.0 in the mid-century but then diverge over time. Under the low emission scenario
SSP1-2.6, the warming reaches +1 °C to +2 °C by mid-century, then levels off with little
additional increase (Figures A2.1 and A2.4). The medium emission scenario SSP2-4.5 follows a
similar early trajectory but ends up with a projected daily mean temperature increase of +1 °C to
+4 °C by the end of the century (Figures A2.2 and A2.5). In contrast, the high-emission scenario
SSP5-8.5 indicates a stronger warming already in the mid-century (+1.5 °C to +3 °C), with even
more pronounced increases towards the end of the century, reaching +3 °C to +5 °C compared
to the reference period (Figures A2.3 and A2.6).

The relationship between the various emission scenarios and their projected warming is
illustrated in the time series of daily mean temperatures from eight district stations (Figure 5.3).
These time series reveal that the projected future warming exceeds both the spread of the
model ensemble and the year-to-year variations in observed temperature. All models (100%)
project a temperature increase in the future, showing a very strong and consistent trend across
all seasons. This means that the warming trend of the climate projections can easily be
distinguished from the natural climate variability, underscoring the robustness of the
results. Furthermore, the different temperature outcomes among emission scenarios by 2100
highlight the substantial influence of greenhouse gas emissions on the extent of future warming
in Bangladesh.

The future Climate of Bangladesh 25



Change 1985-2014 to 2041-2070 Temperature (deg C), SSP370 ensemble mean

a) pre-monsoon b) monsoon

c) post-monsoon d) winter

Temperature

<1 -1--05 -05-0 0-05 05-1 115 152 225 253 335 354 445 455 >+b

Figure 5.1 Changes in the daily mean temperature from the reference period (1985-2014) to mid-
century (2041-2070) under emission scenario SSP3-7.0 as estimated by the NEX-GDDP-CMIP6
ensemble mean for the a) pre-monsoon, b) monsoon, ¢) post-monsoon, and d) winter seasons. The mean

value of each map shows the country average.
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Change 1985-2014 to 2071-2100 Temperature (deg C), SSP370 ensemble mean

a) pre-monsoon b) monsoon

c) post-monsoon d) winter

Temperature

<-1 -1--056 -05-0 0-05 05-1 115 152 225 253 3-35 354 445 455 >+b

Figure 5.2 Changes in the daily mean temperature from the reference period (1985-2014) to the end of the
century (2071-2100) under emission scenario SSP3-7.0 as estimated by the NEX-GDDP-CMIP6 ensemble
mean for the pre-monsoon, monsoon, post-monsoon and winter seasons. The mean value of each map

shows the country average.
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Annual mean temperature

Figure 53 The annual mean temperature at eight division stations in Bangladesh, based on
observations (black dots) and the NEX-GDDP-CMIP6 climate model ensemble mean (colored lines) and
5th to 95th percentile (envelopes) from the gridpoint nearest each station for emission scenarios SSP1-2.6,

SSP2-4.5, SSP3-7.0, and SSP5-8.5 (see legend).
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Daily maximum temperature

The NEX-GDDP-CMIP6 ensemble simulations project a consistent warming trend in the
daily maximum temperature across all seasons. Under the high-emission scenario SSP3-7.0,
the daily maximum temperature is expected to increase by approximately +1.0 °C to +2.5°C
during the mid-century period (2041-2070), and by +1.5 °C to +4.0 °C by the end of the century
(2071-2100), depending on the season and region (Figures 5.4 and 5.5).

During the mid-century, the strongest warming under SSP3-7.0 is projected to occur in the
post-monsoon season with an average increase of +1.4 °C for the whole country, while the
weakest warming is projected in the pre-monsoon season (+1.0 °C on average). By the end
of the century, this pattern shifts: with the most significant warming projected during the
winter season (+2.9 °C on average), and the least warming occurring in the pre-monsoon and
monsoon seasons (+2.3 °C on average).

In the mid-century (2041-2070), both the low and medium emission scenarios project
similar levels of warming as the high-emission scenario SSP3-7.0. However, their trajectories
diverge significantly in the latter half of the century (as shown in Figures A2.7, A2.8, A2.10, and
A2.11). The low-emission scenario SSP1-2.6 projects a temperature increase of approximately
+1°C to +2°C by mid-century, followed by a stabilization, with minimal additional temperature
rise beyond mid-century. In contrast, the medium emission scenario SSP2-4.5 follows a similar
warming trend until mid-century, but continues to increase afterward. By the end of the
century, this scenario projects a daily maximum temperature increase of +1°C to +3°C relative
to the reference period. The high emission scenario SSP5-8.5 suggests a more pronounced
warming trend already early on, with projected increases of +2°C to +3°C by mid-century
(Figure A2.9). By the end of the century, this trajectory becomes even more extreme, with
estimated temperature rises of +3°C to +5°C above historical levels (Figure A2.12). These
projections highlight the critical influence of emission scenarios on long-term climate
outcomes.

The projected increases in daily maximum temperatures (Figures 5.4 and 5.5) are lower

than those for daily mean temperatures (Figures 5.1 and 5.2), indicating that nighttime
temperatures are increasing faster than daytime temperatures.
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Change 1985-2014 to 2041-2070 Maximum temperature (deg C), SSP370 ensemble mean

a) pre-monsoon b) monsoon

c) post-monsoon d) winter

Tmax

<1 -1--05 -05-0 0-056 0.5-1 1-16 1562 225 253 3-35 354 445 455 >+5

Figure 5.4 Changes in the daily maximum temperature from the reference period (1985-2014) to mid-cen-
tury (2041-2070) under emission scenario SSP3-7.0, as estimated by the NEX-GDDP-CMIP6 ensemble
mean for the a) pre-monsoon, b) monsoon, ¢) post-monsoon, and d) winter seasons. The mean value of

each map shows the country average.
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Change 1985-2014 to 2071-2100 Maximum temperature (deg C), SSP370 ensemble mean

a) pre-monsoon b) monsoon

c) post-monsoon d) winter

Tmax

<-1 -1--05 -05-0 0-05 051 115 152 225 253 3-35 354 445 455 >+b

Figure 5,5 Changes in the daily maximum temperature from the reference period (1985-2014)
to the end of the century (2071-2100) under emission scenario SSP3-7.0, as estimated by the
NEX-GDDP-CMIP6 ensemble mean for the a) pre-monsoon, b) monsoon, ¢) post-monsoon, and
d) winter seasons. The mean value of each map shows the country average.
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Daily minimum temperature

The daily minimum temperatures are projected to increase by approximately +2.0 °C to +3.0 °C
during the mid-century period (2041-2070), rising further to +3.0 °C to +4.0 °C by the end of the
century (2071-2100) under the high-emission scenario SSP3-7.0 (Figures 5.6 and 5.7). These
increases are higher than those for daily maximum temperatures, indicating a stronger warming
trend during nighttime, and thus on average a reduced diurnal temperature range.

The extent of warming varies depending on the season and region, as illustrated in Figures
5.6 and b.7. During the mid-century period, the strongest warming is expected in the post-
monsoon season, whereas the monsoon season shows the least warming. However, by
the end of the century, this pattern shifts, with winter becoming the season to experience
the most significant warming, while the monsoon season continues to exhibit the smallest
minimum temperature increase. On average, the daily minimum temperature increases by about
+2.0 °C in the post-monsoon season by mid-century. By the end of the century, the strongest
warming is projected in winter, with a national average increase of +3.7 °C under SSP3-7.0.

Projections under the low- and medium-emission scenarios show slightly less intense
warming in the mid-century compared to SSP3-7.0 (Figures A2.13 and A2.14). However, their
long-term warming trajectories diverge significantly by the end of the century (as depicted in
Figures A2.16 and A2.17). The low-emission scenario (SSP1-2.6) projects a modest increase
of +1.0°C to +2.0°C by mid-century, followed by a plateau, indicating minimal additional
warming beyond that point. This demonstrates the effectiveness of strong mitigation
strategies. The medium-emission scenario (SSP2-4.56) shows a similar warming trend
until mid-century but continues to warm thereafter, increasing by +2.0 °C to +3.0 °C relative to
the historical baseline. The high-emission scenario SSP5-8.5, however, paints a much more
severe picture, with daily minimum temperatures increasing by +2.0°C to +3.0°C by
mid-century and escalating to +3.0 °C to +5.0 °C by the end of the century (Figures A2.15 and
A2.18). Alarmingly, under SSP5-8.56 some regions, such as Rangpur and Rajshahi divisions, are
expected to experience daily minimum temperature increases exceeding +5.0 °C above the
historical baseline by 2100.

These projections emphasize the critical influence of different greenhouse gas emissions
on regional climate outcomes. The findings clearly underscore the urgent need for global
mitigation efforts, particularly for highly vulnerable countries like Bangladesh. Without
significant reductions in emissions, the nation could face profound impacts across
various key sectors, such as agriculture, public health, water resources, and climate-sensitive
livelihoods. Proactive adaptation measures and robust policy frameworks are essential to
address the long-term risks associated with rising temperatures.
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Change 1985-2014 to 2041-2070 Minimum temperature (deg C), SSP370 ensemble mean

a) pre-monsoon b) monsoon

c) post-monsoon d) winter

Tmin

<1 -1--05 -050 0-06 051 116 1562 225 253 3-35 354 445 455 >+5

Figure 5.6 Changes in the daily minimum temperature from the reference period (1985-2014) to mid-cen-
tury (2041-2070) under emission scenario SSP3-7.0, as estimated by the NEX-GDDP-CMIP6 ensemble
mean for the a) pre-monsoon, b) monsoon, ¢) post-monsoon, and d) winter seasons. The mean value of

each map shows the country average.
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Change 1985-2014 to 2071-2100 Minimum temperature (deg C), SSP370 ensemble mean

a) pre-monsoon b) monsoon

c) post-monsoon d) winter

Tmin

<1 -1--056 -05-0 0-05 051 115 152 225 253 3-35 354 445 455 >+b

Figure 5.7 Changes in the daily minimum temperature from the reference period (1985-2014) to mid-
century (2041-2070) under emission scenario SSP3-7.0, as estimated by the NEX-GDDP-CMIP6
ensemble mean for the a) pre-monsoon, b) monsoon, ¢) post-monsoon, and d) winter seasons. The mean

value of each map shows the country average.
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Future projections of
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Bangladesh experiences intense rainfall during the monsoon season, and future
projections indicate a considerable increase in monsoonal precipitation under climate change
(Figures 6.1 and 6.2). The seasonal precipitation under the high emission scenario SSP3-7.0
is projected to increase by approximately 15% relative to the reference period towards the
end of the century. The largest increases are expected in the northeastern districts of Sylhet
and Sunamganj, which already received the most precipitation in the reference period
(Figure 4.5). By mid-century, the NEX-GDDP-CMIP6 ensemble mean under SSP3-7.0
suggests a regional increase of +200 to +250 mm in these areas, compared to a national
average rise of +118 mm. This trend intensifies by the end of the century, with projected
increases reaching +255 mm nationwide and +550 and +600 mm in Sylhet and Sunamgan,;.

Although the projected changes in the ensemble mean precipitation are notable, the year-
to-year variability and the range within the model ensemble remain large (Figure 6.3). This
means that, while the climate projections point to wetter monsoons in Bangladesh, the
climate signal is still relatively weak when compared to natural variability. Nevertheless, the
high-emission scenarios SSP3-7.0 and SSP5-8.5 both indicate a clear risk of substantially
increased rainfall in the monsoon season, particularly in northeastern districts around Sylhet
and Mymensingh. By the end of the century, 65% to 87% (15-20 out of 23 ensemble members,
depending on the region) of the models project an increase in monsoon precipitation
(Figure 6.4), indicating a relatively robust signal toward increasing rainfall. The model results thus
suggest that, while the precipitation will continue to vary a lot from year to year in the future, high
emissions of greenhouse gases elevate the risk of very intense monsoon precipitation.

The projections also show a tendency for increasing precipitation in the pre-monsoon and
post-monsoon seasons by the end of the century. The pre-monsoon season is expected to
experience the second-highest rainfall increases, with projected ensemble mean changes
of +19 mm by mid-century and +75 mm by the end of the century (average for the whole
country). For the post-monsoon season, increases are projected at +14 mm and +29 mm,
respectively. These numbers may seem small compared to the projected changes in the
monsoon season, but they represent seasonal increases of approximately 17-18% compared to
the reference period.

Winter precipitation projections remain highly uncertain, with a roughly evenly split
between models showing a precipitation increase and those showing a precipitation decrease,
suggesting no robust trend during that period. Note, however, that winter is the season with the
highest projected temperature increase towards the end of the century (see previous chapter).
Thus increased evaporation will contribute to a reduction in the water budget, even if the chang-
es in precipitation may be small.

Spatial patterns vary across regions. During the pre-monsoon season, the majority of the
models (70-96% of the ensemble, depending on the region) exhibit increasing precipitation
across central and northern Bangladesh, with ensemble mean increases ranging from +100
mm to +300 mm. On the other hand, the southern and coastal areas show less agreement
among the models, and the projected ensemble mean change is small (0 to +50 mm). The
post-monsoon projections show a weaker spatial pattern but still generally point toward
increased precipitation across the country.
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Change 1985-2014 to 2041-2070 Precipitation (mm), SSP370 ensemble mean

a) pre-monsoon b) monsoon

c) post-monsoon d) winter

Percipitation
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Figure 6.1 Changes in the average seasonal precipitation sum from the reference period (1985-2014)
to mid-century (2041-2070) under emission scenario SSP3-7.0, as estimated by the NEX-GDDP-CMIP6
ensemble mean for the a) pre-monsoon, b) monsoon, ¢) post-monsoon, and d) winter seasons. The mean

value of each map shows the country average.
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The different emission scenarios show divergent precipitation trends in the latter half of the
century, as illustrated in Figures A2.32 to A2.37. Under the low-emission scenario (SSP1-2.6),
seasonal precipitation sums are projected to remain relatively stable. Both mid- and end-century
projections indicate minimal change, with winter season rainfall being almost the same (+1
mm) and monsoon rainfall increasing by an average of +127 mm, showing little variation over
time. The medium-emission scenario (SSP2-4.5) follows a similar trajectory to SSP1-2.6 until
mid-century. However, it projects further increase thereafter. By the end of the century, average
seasonal precipitation is expected to rise by +168 mm in the monsoon season, and around +30
mm in both the pre-monsoon and post-monsoon seasons, while projected changes are small in
winter (+7 mm). The high-emission scenario (SSP5-8.5) projects more substantial changes. By
mid-century, rainfall is expected to increase by +184 mm in the monsoon season, and by 2100,
this scenario predicts a dramatic rise in monsoon precipitation, with increases exceeding +500
mm in the northeastern and southeastern regions. The highest precipitation levels are projected
in the districts of Sylhet, Sunamganj, and Bandarban, indicating a more extreme trajectory
under continued high emissions. SSP5-8.5 indicates increasing precipitation in the pre-monsoon
(+90 mm) and post-monsoon seasons (+66 mm) as well, but little and inconsistent change in the
winter.
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Change 1985-2014 to 2071-2100 Precipitation (mm), SSP370 ensemble mean

a) pre-monsoon b) monsoon

c) post-monsoon d) winter
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Figure 6.2 Changes in the average seasonal precipitation sum from the reference period (1985-
2014) to the end of the century (2071-2100) under emission scenario SSP3-7.0, as estimated by the
NEX-GDDP-CMIP6 ensemble mean for the a) pre-monsoon, b) monsoon, ¢) post-monsoon, and

d) winter seasons. The mean value of each map shows the country average.
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Annual sum of precipitation

Figure 6.3 Annual sum of precipitation at eight divisions stations in Bangladesh, based on
observations (black line) and the NEX-GDDP-CMIP6 climate model ensemble mean (colored lines) and
5th to 95th percentile (envelopes) from the gridpoint nearest each station for emission scenarios SSP1-2.6,

SSP2-4.5, SSP3-7.0, and SSP5-8.5 (see legend).
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Number of models with an increase from 1985-2014 to 2071-2100. Precipitation, SSP370

a) pre-monsoon b) monsoon

c) post-monsoon d) winter

Figure 6.4 The number of models out of the 23 selected NEX-GDDP-CMIP6 ensemble members
that show an increase in the seasonal precipitation sum from the reference period (1985-2014)
to the end of the century (2071-2100), under emission scenario SSP3-7.0 for the a) pre-monsoon,
b) monsoon, ¢) post-monsoon, and d) winter seasons. The mean value of each map shows the country

average.
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Extreme events
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Extreme heat

One common approach for assessing temperature extremes and their potential detrimental
impacts on human health and society is to track the number of hot days. In Bangladesh, a
heatwave is officially declared when the daily maximum temperature exceeds 36 °C for three
consecutive days. The Bangladesh Meteorological Department (BMD) further categorises
heatwaves into three levels: mild (36-38 °C), moderate (38-40 °C), and severe (above 40 °C).
Heatwaves cause stress on the human body, increasing the risk of cardiovascular events,
heat strokes and respiratory complications (Ebi et al., 2021; Zhao et al., 2024). Over the past
40 years, both the frequency and intensity of heatwave-related deaths have risen, largely
attributed to anthropogenic climate change (Vicedo-Cabrera et al., 2021). For simplicity in this
report, and consistency with the report on detected climate changes (Rashid et al., 2024), an
index calculating single day events has been used. We don't expect this simplification having any
substantial effect on the climate change signal, even though the value changes.

During the reference period, heatwave conditions primarily occurred in the pre-monsoon
season, with western districts such as Rajshahi and Khulna experiencing the highest
numbers (Figure 7.1a). These areas recorded an average of 25-50 heatwave days (daily
maximum temperature > 36 °C) per pre-monsoon season, while the rest of the country
typically saw fewer than 25 days. Severe heatwave days, when daily maximum temperatures
exceeded 40 °C, were less common, averaging only 2-6 days per season in the western
districts and none in the rest of the country (Figure 7.2a).

Occasional mild heatwave conditions were also observed during the monsoon season in some
western districts, averaging 5-10 days per season. However, severe heatwaves were extremely
rare during this time of year.

The projections of daily maximum temperature indicate a substantial increase in the
number of heatwave days across Bangladesh as a result of continued greenhouse gas
emissions (Figures 7.3 and 7.4). Under the high emission scenario SSP3-7.0, the aver-
age number of pre-monsoon heatwave days is expected to more than triple from the refer-
ence period (1985-2014) to the end of the century (2071-2100). Days with severe heatwave
conditions, which were few in the reference period, are projected to rise considerably. By the end
of the century, the hottest western districts could experience as many as 15-25 days per season
with a maximum temperature over 40 °C in the pre-monsoon season (Figure 7.6).
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Heat waves (number of days with Tmax > 36 deg C), Historical ensemble 1985-2014

a) pre-monsoon b) monsoon

c) post-monsoon d) winter

Figure 7.1 Number of heatwave days (daily maximum temperature > 36 °C) for the four seasons in
the reference period 1985-2014. The estimates are based on the NEX-GDDP-CMIP6 ensemble
mean of the daily maximum temperature under emission scenario SSP3-7.0 for the a) pre-monsoon,
b) monsoon, ¢) post-monsoon, and d) winter seasons. The mean value of each map shows the country

average.

The future Climate of Bangladesh 44



Severe heat waves (number of days with Tmax > 40 deg C), Historical ensemble 1985-2014

a) pre-monsoon b) monsoon

¢) post-monsoon d) winter

Figure 7.2 The number of severe heatwave days (daily maximum temperature > 40 °C) in the
reference period, 1985-2014. The estimates are based on the NEX-GDDP-CMIP6 ensemble mean of the
daily maximum temperature for the a) pre-monsoon, b) monsoon, ¢) post-monsoon, and d) winter seasons.

The mean value of each map shows the country average.
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Heat waves (number of days with Tmax > 36 deg C), SSP370 ensemble 2041-2070

a) pre-monsoon b) monsoon

c) post-monsoon d) winter

Figure 7.3 The number of heatwave days (daily maximum temperature > 36 °C) in the mid-
century (2041-2070) assuming emission scenario SSP3-7.0. The estimates are based on the
NEX-GDDP-CMIP6 ensemble mean of the daily maximum temperature for the a) pre-monsoon,
b) monsoon, ¢) post-monsoon, and d) winter seasons. The mean value of each map shows the country

average.
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Heat waves (number of days with Tmax > 36 deg C), SSP370 ensemble 2071-2100

a) pre-monsoon b) monsoon

c) post-monsoon d) winter

Figure 7.4 The number of heatwave days (daily maximum temperature > 36 °C) at the end of the
century (2071-2100) assuming SSP3-7.0. The estimates are based on the NEX-GDDP-CMIP6
ensemble mean of the daily maximum temperature for the a) pre-monsoon, b) monsoon, c) post-
monsoon, and d) winter seasons. The mean value of each map shows the country average.
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Severe heat waves (number of days with Tmax > 40 deg C), SSP370 ensemble 2041-2070

a) pre-monsoon b) monsoon

c) post-monsoon d) winter

Figure 7.6 The number of severe heatwave days (daily maximum temperature > 40 °C) in the mid-
century (2041-2070) assuming SSP3-7.0. The estimates are based on the NEX-GDDP-CMIP6
ensemble mean of the daily maximum temperature for the a) pre-monsoon, b) monsoon,
¢) post-monsoon, and d) winter seasons. The mean value of each map shows the country average.

The future Climate of Bangladesh 48



Severe heat waves (number of days with Tmax > 40 deg C), SSP370 ensemble 2071-2100

a) pre-monsoon b) monsoon

c) post-monsoon d) winter

Figure 7.6 The number of severe heatwave days (daily maximum temperature > 40 °C) at the end of
the century (2071-2100) assuming SSP3-7.0. The estimates are based on the NEX-GDDP-CMIP6
ensemble mean of the daily maximum temperature for the a) pre-monsoon, b) monsoon, c) post-
monsoon, and d) winter seasons. The mean value of each map shows the country average.

The future Climate of Bangladesh 49



During the reference period, Dhaka experienced heatwaves primarily in the pre-monsoon
months (March, April, and May), with a few instances extending into June. Beyond June,
heatwaves were largely absent (Figure 7.7). However, future projections under different
emission scenarios indicate a notable increase in both the frequency and intensity of
heatwaves towards the end of the century. Even under the low-emission scenario
(SSP1-2.6), the number of heatwaves is projected to be higher than in the reference period. The
medium-emission scenario (SSP2-4.5) is expected to bring even more frequent events,
with heatwaves expanding into additional months of the year. Under high to very high
emission scenarios (SSP3-7.0 and SSP5-8.5), projections become significantly more alarming.
Heatwaves are projected not only to intensify during the pre-monsoon season but also
become more common during the monsoon and post-monsoon seasons. Alarmingly, some
projections indicate heatwave events for the winter months — December, January, and
February — reflecting a substantial shift in seasonal patterns and signaling increasingly
challenging conditions for the capital, especially under the high to extreme emission
scenarios (Figure 7.7).

Similar trends are evident across Bangladesh’'s seven remaining administrative divisions
(Figures A2.25 to A2.31). Among them, Rangpur, Rajshahi, and Khulna are projected to
be the most severely affected, with substantial increases in the number and duration of
heatwaves under medium to very high emission scenarios (SSP2-4.5 to SSP5-8.5). While
Barisal and Chattogram currently experience fewer heatwaves, likely due to moderating
effects from ocean-land interactions, these regions are also expected to face significant
increases in heatwave occurrences by century's end under high-emission scenarios.
Sylhet and Mymensingh divisions, which presently are less prone to heatwaves due to high
rainfall during the pre-monsoon and monsoon seasons, are likewise projected to experience
more heatwaves in the future. Under SSP3-7.0 and SSP5-8.5, the number of heatwave days is
projected to increase in both divisions, with Mymensingh expected to experience more
intense events compared to Sylhet. In these extreme scenarios, the highest number of
heatwave days in Mymensingh and Sylhet is projected to occur during the pre-monsoon and
post-monsoon periods.

By the end of the century, Bangladesh is likely to face an escalating threat from heatwaves
across all regions, with severity heavily dependent on emission scenarios. While some
divisions are naturally already more vulnerable, even historically cooler or less-affected
regions are projected to experience worsening conditions. These findings highlight the
pressing need for urgent climate adaptation and mitigation strategies, particularly targeted
heatwave preparedness and response efforts, to safeguard public health and societal
well-being in a warming future.
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Heat waves in Dhaka

Figure 7.7 The number of heatwave days (daily maximum temperature > 36 °C) in the end of the
century (2071-2100) in Dhaka under different emission scenarios. The estimates are based on the
NEX-GDDP-CMIP6 ensemble mean of the daily maximum temperature.

Cold spells

In Bangladesh, a cold spell is declared when the daily minimum temperature falls below
10 °C for three or more consecutive days. The Bangladesh Meteorological Department
classifies cold spells into three categories: mild (8-10 °C), moderate (6-8 °C), and severe
(below 6 °C). Temperatures this low occur only during the winter season, as illustrated in
Figure 7.8. A simplified cold spell index is used here, counting single day cold spell conditions.
The conclusions and climate signal would likely be similar if consecutive days were counted,
although cold spells would be even more rare.

During the reference period, the country experienced an average of eight days with cold
spell conditions (daily minimum temperature below 10 °C) per winter. The western and
northeastern parts experienced between 10 to 25 cold spell days per season, reflecting
their generally colder winter climate. In contrast, the rest of the country experienced
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relatively few cold spell days, typically ranging from 0 to 10 days per season. The highest number
of cold spell days was recorded in the districts of Panchagarh, Thakurgaon, Moulvibazar, and
Habiganj, highlighting these areas as particularly vulnerable during the colder months (see
Figure 7.8). The regional variability of cold spells is influenced by geographic and climatic factors
and highlights the importance of localized preparedness and early warning systems to mitigate
the health and livelihood risks associated with cold spells in the most affected areas.

Looking ahead, climate projections from the NEX-GDDP-CMIP6 ensemble indicate a
substantial decline in cold spell conditions by mid-century, with cold spell days becoming
extremely rare by the end of the century. Under the high-emission scenario SSP3-7.0, the
number of cold spell days is projected to drop to 0-8 days per season by mid-century (see Figure
7.9) and 0-4 days by the end of the century (Figure 7.10). Similar trends are observed across all
emission scenarios. Under the low emission scenario SSP1-2.6, cold spell days decline to 0-10
days per winter, while under the very high-emission scenario SSP5-8.5, they nearly disappear,
with only 0-2 days projected (Figures A2.38-A2.43).

These projections point to a notably warmer future winter climate in Bangladesh, where cold
spells may no longer constitute a significant seasonal hazard, especially under high emission
scenarios. While current cold-affected regions like Panchagarh and Thakurgaon remain
vulnerable in the near term, the long-term trend suggests a diminishing threat, especially
under high-emission scenarios.

These findings underscore the need to balance short-term cold spell preparedness with
long-term adaptation strategies that account for greenhouse gas-induced warming.
Strengthening cold spell early warning systems, improving healthcare response during cold
spells, and adjusting agricultural calendars will be essential in the near term, particularly for
vulnerable communities.
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Cold spells (number of days with Tmin > 10 deg C), Historical ensemble mean 1985-2014

a) pre-monsoon b) monsoon

c) post-monsoon d) winter

Figure 7.8 The number of cold spell days (daily minimum temperature < 10 °C) in the reference period,
1985-2014. The estimates are based on the NEX-GDDP-CMIP6 ensemble mean of the daily minimum
temperature for the a) pre-monsoon, b) monsoon, c) post-monsoon, and d) winter seasons. The mean

value of each map shows the country average.
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Cold spells (number of days with Tmin > 10 deg C), SSP370 ensemble mean 2041-2070

a) pre-monsoon b) monsoon

c) post-monsoon d) winter

Figure 7.9 The number of cold spell days (daily minimum temperature < 10 °C) in the mid-century
(2041-2070) under SSP3-7.0. The estimates are based on the NEX-GDDP-CMIP6 ensemble mean of the
daily minimum temperature for the a) pre-monsoon, b) monsoon, ¢) post-monsoon, and d) winter seasons.

The mean value of each map shows the country average.
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Cold spells (number of days with Tmin > 10 deg C), SSP370 ensemble mean 2071-2100

a) pre-monsoon b) monsoon

c) post-monsoon d) winter

Figure 7.10 The number of cold spell days (daily minimum temperature < 10 °C) at the end of the
century (2071-2100) under SSP3-7.0. The estimates are based on the NEX-GDDP-CMIP6 ensemble
mean of the daily minimum temperature for the a) pre-monsoon, b) monsoon, ¢) post-monsoon, and
d) winter seasons. The mean value of each map shows the country average.
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Sea level rise
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Sea level in the Bay of Bengal and Bangladesh

The Indian Ocean, particularly the Bay of Bengal, has experienced noticeable changes in sea
level along its coast in recent decades. These changes are primarily driven by global climate
change, but regional processes such as ocean circulation shifts and land subsidence also
play important roles. Changes in the level of the land surface, such as land subsidence, adds
to the absolute sea level change of the ocean itself, resulting in the relative sea level change
experienced at the coasts.

Global mean sea levels have been rising due to thermal expansion and the melting of glaciers
and ice sheets. According to the IPCC Sixth Assessment Report (AR6; IPCC, 2021), global mean
sea levels (GMSL) are projected to rise by 0.63 to 1.01 m (likely range; Fox-Kemper et al., 2021)
by 2100 under the high-emission scenario (SSP5-8.5). Regional sea levels in the Bay of Bengal
are expected to broadly follow these global trends, though they may be amplified by local
factors. For comparison, under the low-emission scenario SSP1-1.9, GMSL is projected to rise by
approximately 0.18 m, with a likely range of 0.15 to 0.23 m.

Contributions to decadal and long-term changes in absolute sea level
in the Bay of Bengal

In order to understand both regional absolute sea level changes and relative sea level
changes at coastlines, knowledge of the contributions to sea level rise is key.

A major cause of global sea level rise is the ongoing melting of glaciers and the large ice
sheets of Greenland and Antarctica. However, the resulting sea level change is not spatially
uniform. As these massive ice sheets lose mass, their gravitational pull on nearby ocean
water weakens, leading to a relative fall in sea level in surrounding areas, while distant regions
experience a relative rise (see e.g., Tamisiea et al., 2001). This redistribution is most noticeable
in the low latitudes, where the Bay of Bengal is located, resulting in an enhanced sea level rise in
this region. Conversely, the melting of nearby glaciers tends to have a small mitigating effect on
sea level rise in the Bay of Bengal, as the associated loss of mass locally reduces ocean water
levels.

Another major contributor to sea level rise is thermal expansion of ocean waters, driven by
rising global temperatures. As seawater warms, it expands, contributing to rising sea levels.
Together with changes in salinity, the process is called steric sea level change. In tropical
regions such as the Indian Ocean, temperature changes dominate this process. Uneven
ocean warming and regional variations in ocean circulation cause these steric effects to vary
geographically. The Indian Ocean has warmed significantly in recent decades, contributing to
accelerated sea level rise due to thermal expansion (Roxy et al., 2020).

Changes in large-scale atmospheric circulation and wind patterns also affect regional sea levels.
Events such as the Indian Ocean Dipole (IOD) and the El Nifio—Southern Oscillation (ENSO)
significantly alter wind patterns and ocean currents, redistributing heat and water across the
basin. During positive |OD events, sea levels in the eastern Indian Ocean, including the Bay of
Bengal, typically rise due to changes in wind patterns and ocean circulation (see, e.g., Aparna et
al.,, 2012).
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Monsoonal variability further contributes to these dynamics. Panickal (2017) found that
the observed sea level rise in the North Indian Ocean was accompanied by a weakening of
the summer monsoon in the last decades. This weakening has led to reduced upwelling off
Arabia and Somalia, decreasing the southward heat transport and increasing heat storage in the
northern Indian Ocean-thereby enhancing steric sea level rise.

An interesting but minor effect on the absolute sea level is the gravitational effect of terrestrial
water redistribution, such as dam construction or groundwater extraction for consumption and
irrigation. Similar to the effects of melting ice masses, significant changes in land water storage
can shift mass and influence regional sea levels. Substantial groundwater depletion and surface
water redistribution in South and West Asia (see e.g., Rodell et al., 2009) have led to a measurable
reduction in sea level in the northernmost Indian Ocean.

Vertical land motion in coastal Bangladesh

As oceans warm and expand, leading to rising absolute sea levels offshore, the sea
level changes experienced on land, known as relative sea level changes, also depend on the
vertical movement of the land surface. Relative sea level change is the result of absolute sea level
rise minus vertical land movement (VLM).

On large spatial and geological time scales, VLM is influenced by glacial isostatic adjustment
(GIA)—the slow rebound of the Earth's crust and mantle following the melting of massive ice
sheets. While no major ice sheets covered the North Indian Ocean during recent ice ages, minor
adjustments associated with global post-glacial processes produce minimal uplift in the region,
estimated at 0.1 mm/yr (Sun & Riva, 2020).

Tectonic activity is another driver of VLM. The Indian Plate moves northeast at 5 cm/yr,
while the Eurasian Plate moves northward at only 2 cm/yr, causing deformation at the plate
boundary. Unlike many other delta systems where vertical land motion is driven primarily by
sediment compaction, the Ganges-Brahmaputra Delta is strongly influenced by tectonic
processes, generating VLM rates of up to 4 mm/year (Goodbred and Kuehl, 2000). Seismic
activity such as earthquakes can also trigger abrupt vertical shifts in this tectonically active
region.

Subsidence, the localised sinking of land surface or seafloor, is a critical issue in deltaic
Bangladesh and it is influenced by both natural and human-induced factors. Subsidence-
related vertical land motions are highly localised and variable, which makes it unsuitable for
inclusion in global climate models and projections, nor does it make sense to compare rates
here. Instead, site-specific studies are needed to assess local risks. The primary causes
for subsidence include sediment compaction, groundwater extraction, and drainage of
peatlands and wetlands. The Bengal Delta is formed from alluvial sediments deposited
by the Ganges-Brahmaputra-Meghna river system. Over time, these sediments compact
naturally, leading to gradual subsidence (Brown & Nicholls, 2015). Excessive pumping
of groundwater, especially in urban areas like Dhaka, contributes to land subsidence as
aquifers lose water and compact (Ouyang et al., 2024). Conversion of wetlands for agriculture
and urban expansion results in oxidation and compaction of organic soils, contributing to land
subsidence. This is especially relevant for the southwestern coastal regions and Haor
wetlands in the northeast.
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In addition, reduced sediment supply due to upstream dam construction and riverbank
stabilization can reduce natural sediment deposition in coastal areas (e.g., Syvitski et al., 2009).
However, in the tidal delta, monsoonal flooding and a high tidal range can re-deposit sediment
onto the delta plain, effectively leading to sedimentation rates as high as ~5 cm/yr in some
regions (Overeem et al., 2014).

Projected sea level rise in the Bay of Bengal

In this summary we present projections for global and regional sea level rise by 2100
under the high-emission scenario (SSP5-8.5) with numbers for the so-called ‘likely range’ (66%
likelihood), as presented in IPCC Sixth Assessment Report (AR6; Fox-Kemper et al., 2021). The
numbers are differences between 2100 and the reference period 1995-2014.

Thermal expansion is projected to contribute 0.24-0.36 m to the global mean sea level
(GMSL) rise, while global mean halosteric change is negligible (Gregory et al.,, 2019). For the
ice-sheets, the projected contributions are assessed to be 0.09-0.18 m from the Greenland
lce Sheet, 0.03-0.34 m from the Antarctic Ice Sheet (AAIS), and 0.15-0.20 m from global
glaciers. There is also a small contribution of 0.01-0.04 m from changes in land water storage to
GMSL, but for this effect, the local patterns are more important.

As mentioned above, sea level rise is non-uniform due to ocean circulation and gravitational
effects, so the numbers for the Bay of Bengal may be different. Fox-Kemper et al. (2021)
provide maps of regional relative sea level projections for these contributions (their Figure 9.26).
These maps show the median change instead of likely ranges. From these maps, the two ice
sheets will contribute with some 10-12 cm each to sea level rise in the Bay of Bengal, as will the
global glaciers. Ocean dynamics and thermal expansion will contribute around 30 cm to the Bay
of Bengal. Projected halosteric changes are negligible and also have low model agreement (their
Figure 9.12).

Due to strong groundwater depletion and surface water redistribution in South and West Asia
(see e.g., Rodell et al., 2009) and the consequent gravitational effects, the contribution from land
water storage is negative in the Gulf of Arabia and along the Indian coast, but zero at the coast
of Bangladesh. Other small and negligible contributions are the gravitational, rotational, and
deformational effects of global (water) mass redistribution, projected at a mere 2-5 cm lowering
of the relative sea level in the region.

In summary, most projections of regional contributions, as well as their sum, lie within the
likely range of the global projections, albeit somewhat on the low end of the likely range.
Note that these maps of regional changes, as well as their calculations, are not exact.
Understanding the relation between the different contributions and what they mean for sea level
rise in the Bay of Bengal is important, but one can, for any practical purpose, such as adaptation,
use the global projections.

In AR6, projections for contributions to global sea level rise for SSP5-8.5 are summed up
to have a median value of 0.77 m and a likely range of 0.63 to 1.01 m. It is a matter of risk
acceptance which part of the range is considered in adaptation. For instance, the median
basically represents a 50/50 chance of flooding, provided the models are correct and
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emissions follow the scenarios, while using the upper end of the likely range (66% range) would
leave only a 17% chance of flooding.

The above analysis is limited to the sea level rise, and effects of this, by 2100, but there is no
reason to expect the sea level rise to be limited to this century. One should consider the risk,
especially for higher emission scenarios, of a continued sea level rise for the foreseeable
future, i.e. for the coming centuries.

Storm surges in the Bay of Bengal and flooding risk in Bangladesh

Storm surges occur when strong winds push seawater onto the land and low air pressure
causes sea levels to rise. The Bay of Bengal is one of the most vulnerable regions in the world to
the impacts of storm surges, which are here driven by tropical cyclones. These surges can cause
catastrophic flooding, particularly in low-lying coastal areas such as Bangladesh. In rivers and on
deltas, large amounts of rainfall in combination with a storm surge can create even higher water
levels and flooding.

In the northern Indian Ocean, tropical cyclone intensities are only projected to increase by 4%
(with a range of -4% to +10%) and frequencies are projected to decrease somewhat (Knutson
et al,, 2020). Since these projected changes are not only small but also highly uncertain, as a
first-order approach itis purposeful to assume today's cyclone activity continues and to focus on
their effects on top of the rising mean relative sea level. Higher sea levels will allow storm surges
to reach further inland, flooding more areas than would be the case under current sea levels.
Sea level rise also makes relatively weaker cyclones more devastating for coastal communities.

Khan et al. (2022) generated and analysed a storm surge database derived from a large
ensemble of 3,600 statistically and physically consistent synthetic storm events and a high-
resolution storm surge modelling system, and estimated extreme water levels as well as the
extent of inundated areas of the Bengal Delta. The highest extreme water levels are shown
to be most probable in the Meghna estuary and up the Meghna and Padma rivers, while
most of the inundation during extreme events happens in the Sundarbans and the low-lying
regions northwest of the Bhola Island (based on 50-year return levels; their Figure ba). This area
distribution is a smoothed pattern of statistical likelihood, and storm surges from single
cyclones may behave differently. For instance, the Cyclone Sidr in 2007 gave the highest
extreme water levels in the eastern Sundarbans instead of in the most probable regions (their
Figure 3a). Note, however, that the inundated regions were not very different from what can be
statistically expected, making the Sidr event an example of impacts to be expected.

A simple assessment of how these results would have looked with an added future sea level rise
of 0.77 m can be done as follows: 1) Adding 0.77 m to the 50-year return levels estimated from
Hiron Point and Chandpur records representing the mentioned most inundation-prone regions
(Khan et al., 2022; their Figures 6b and f), gives surge levels associated with more than 300-years
return periods for the Sundarbans and 250 years for the regions northwest of the Bhola Island; 2)
Comparing inundation areas for 50- and 250-year return periods (Khan et al., 2022; their Figure
7d and g) shows that more than double the area, including most of the northern Barishal, would
be inundated in a future 50-year event. (Note that inundation of the Sundarbans is not much
different from 250-years and longer return periods.)
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In this section only the added effect of mean sea level rise on storm surges has been
considered. There are however studies that show potential increase in the frequency of
devastating cyclones under future climate conditions (e.g., Emanuel, 2021).

Chronic Sea Level Rise in Bangladesh

In 2024, the International Centre for Climate Change and Development (ICCCAD) published
a scientific synthesis on “climate change impacts in Bangladesh” (Huq et al., 2024). The report
indicates that chronic sea level rise will have several significant physical impacts on
Bangladesh.Notably,thesealevelinthecoastalzoneofBangladeshisrisingby3.8to5.8mmperyear,
which is faster than the global average of 2.1 mm per year. This rise is projected to cause
permanent coastal inundation, with between 12% and 18% of Bangladesh’'s coastal area
potentially submerged by the end of the century. This will have "devastating consequences for
vital food crops".

Finally, the Sundarbans, the world's largest mangrove forest located in southern Bangladesh,
is particularly vulnerable to the physical impacts of chronic sea level rise. With a mean
elevation of less than 1 meter above sea level, the mangroves are susceptible to inundation.
Under a very high emissions scenario (RCP8.5), extreme sea level rise could flood 918 km?
(23%) of the Sundarbans by 2100. Even under a medium-emission scenario (RCP4.5), around
40 km2 (1%) could be flooded. The loss of the Sundarbans would not only impact local
livelihoods and biodiversity but also reduce its vital role in shielding Bangladesh from cyclones
(Sarker et al. 2020).
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Impacts

Health Impacts from heat exposure

As climate change accelerates, Bangladesh faces significant challenges due to the
anticipated warming throughout the 21st century. Rising levels of greenhouse gases are
projected to increase both daytime and nighttime temperatures, with nighttime temperatures
rising by several degrees and heatwaves increasing in frequency and intensity. The health
implications of prolonged exposure to high temperatures are profound.
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Heatwaves, particularly during the monsoon season when humidity is high, can significantly
increase the risk of heat-related illnesses such as heat exhaustion and heatstroke (Romanello
et al,, 2024; Ebi et al., 2021; He et al., 2022). Heat exposure can impact the body immediately,
causing heat exhaustion, heatstroke, and even death, and in the longer term, may lead to
serious and chronic diseases of the cardiovascular and respiratory systems, as well as the
kidneys (Flouris et al., 2024). Vulnerable populations, including the elderly, children, and
individuals with pre-existing health conditions, are at heightened risk. People who lack
access to clean water or protection from the sun and heat are also particularly exposed to
danger during heatwaves. The combination of extreme heat and high humidity can strain the
cardiovascular system and exacerbate respiratory conditions, leading to increased mortality
rates and a burden on individuals as well as healthcare systems.

Stunting is a major health problem in Bangladesh, which is highly vulnerable to climate
change and extreme heat. A recent study looked at how extreme heat in the first 1,000 days
of life affects children’'s growth (Raza et al., 2025). The results show that even a 1% increase
in extreme heat days raises the chance of stunting by 56%. The age of exposure matters.
Children exposed to extreme heat in the first 0-23 months were more affected (67%) than those
exposed before birth (28%). This shows how important the early years are for healthy growth
and why interventions during this period are crucial, since catching up after 59 months is very
difficult.

Impact of heat on working conditions and economy

Outdoor work during heatwaves is associated with potentially serious health risks. For
workers, who have to perform physical labour during heatwaves, the risk of overheating
and heat related illness is exacerbated because physical activity increases the internal
metabolic heat production, thus increasing the core temperature of the body
(Lucas et al. 2014). Economic pressures, fear of job and wage loss, and pressure to meet
deadlines, may cause workers to push beyond safe limits, becoming dehydrated and getting
heat-related illnesses, which can be severe or even life-threatening (Flouris et al., 2024;
loannou et al. 2023). Adaptation strategies such as adjusting work schedules, frequent
hydration and breaks in cool environments, wearing ventilated clothing, and educating
workers and employers about heat related iliness, may reduce the morbidity and mortality among
workers (Habibi et al. 2024).

Economically, the rise in temperatures can have detrimental effects on productivity and labor.
High temperatures can lead to a decline in outdoor work capacity, particularly in sectors such
as agriculture and construction, which are crucial to Bangladesh's economy (Romanello et
al,, 2024). Reduced labor efficiency can result in economic losses and affect the livelihoods of
millions who depend on these industries. In short, carbon emissions come at a high cost, both in
terms of increased morbidity and mortality and as personal, societal and economic loss (Bressler,
2021; Rennert et al., 2022).

Air pollution and heat waves

As long spells of hot and dry conditions become more frequent, urban areas are expected to
experience increasing issues with air pollution (Basak et al., 2023). During heatwaves, the air
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is hot and stagnant: there is no rain to wash out the air pollution or wind to disperse it. This
increases the lifetime and concentration of air pollution. Furthermore, high temperatures impact
chemical reactions and increases the concentration of ground-level ozone which is harmful to
humans. These findings point to the need for coordinated actions to reduce local air pollution as
well as global carbon emissions.

Dengue and malaria

Dengue and malaria are both tropical vector borne diseases. Malaria is caused by the
single cell parasite of the genus plasmodium, which is spread by the mosquito Anopheles. The
dengue virus is carried and spread by mosquitoes in the genus Aedes, which includes a
number of mosquito species (Nature Education, 2014). Of these species, the primary vector of
the dengue virus is the species Aedes aegypti.

There are clear connections between outbreaks of dengue and weather conditions, but
there exists no universally accepted index for dengue risk. Universally recognized elements
connected to dengue are: air temperature, rainfall and humidity. All indexes indicate that
an increase in air temperature and humidity, alone or in combination, will result in increased
risk of dengue. The connection with rainfall is more complex. An increased availability of
standing water for breeding grounds increases the risk, while heavy rainfall may wash some
of the larvae out of the region. A study for Dhaka is clear: “Maximum temperature, minimum
temperature, humidity, and wind speed positively impact dengue incidence, while rainfall
and sunshine hours have a significantly negative effect” (Hossain et al., 2023). These findings
suggest that rising temperatures may increase the risk of dengue in Bangladesh. The lack
of a standardised, locally calibrated dengue risk index hinders a quantification of future risk
under changing climate conditions. One adaptive measure could be to establish a national, or
regional, index for dengue, an index tailored to be used in both forecasting and climate
analysis.

Bangladesh has had remarkable progress in protecting its people from malaria, significantly
decreasing the number of infected and number of yearly deaths. The interplay of climate and
malaria is very complex, one has to look at both the mosquito and the parasite's response
to the changes. On an overall basis, increased temperature increases the mosquito and
parasite burden, but there are thresholds. The optimum temperature for the development of
the parasite is around 25 °C, while temperatures above 30 °C and below 15-18 °C halts the
development. As for Dengue, there is an optimum rainfall where excess or too little will
decrease the mosquito burden. The last climate indicator with relevance is humidity, where
higher humidity is related to longer lifespan of the mosquitos and possibly more rapid
development of the parasites. Despite the remarkable progress in Bangladesh on the fight
against malaria, climate change might increase the burden in Bangladesh, and a national, or
regional, index might be a good adaptive measure.

Cholera and other water borne diseases

The relationship between climate change and waterborne diseases in Bangladesh is a complex,
systemic challenge that transcends sectors. Climate change may act as a foundational driver,
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altering the nation's physical and biological landscape in ways that create an ideal
environment for pathogens like vibrio cholerae to thrive. The dual threats of slow-onset
salinization and sudden-onset flooding converge with pre-existing public health
vulnerabilities, creating a perfect storm for epidemics. This is further amplified by the silent crisis
of climate-induced migration, which funnels vulnerable populations into urban centers.

Looking at Cholera as an example of possible future changes, a study by Kruger et.al (2022)
shows a dramatic picture where the hotspots, that are concentrated to coastal areas, are
shown to spread out throughout the country. There is also a connection between Cholera and
heat waves, especially in the cities. E.g. the Dhaka metropolitan area has more than 20 million
people, and the population is rising, especially with poor people moving in from the villages.
The increase in population may push the need for clean water past the supply, and some might
end up drinking contaminated water. This risk is increased during heat waves due to more water
consumption and that the build up towards heat waves might include almost ideal conditions for
vibrio cholerae.

A linked challenge with this is the impact of severe weather and connected flooding. A
severe weather incident, with flooding may, and will, interfere with the supply of clean drinking
water, and may result in large areas without clean sources of water. In the past this has proven
to be a problem, e.g. within days of the cyclone Aila in 2009 where about 10000 people were
infected with water borne diseases like diarrhea and dysentery (Wikipedia: Cyclon Aila).

The examples of water borne diseases shows the necessity of a two pronged adaptation
strategy. There is a need for long term adaptation to decrease the spread of e.g. cholera and
ensure everybody has access to clean water on a daily basis, at the same time the need of
preparedness for when the cyclone and flooding strikes to quickly establish access to clean
water and prevent an outbreak.

Food security: impacts on agriculture, livestock and fisheries

The agricultural sector in Bangladesh, a cornerstone of the nation's economy, is particularly
vulnerable to the impacts of rising temperatures. Heatwaves can disrupt crop yields and affect
food security (Sikder and Xiaoying, 2014; Hossain et al., 2016). High temperatures can lead to
increased evapotranspiration, reducing soil moisture and affecting the growth of staple crops
such as rice and wheat. These conditions can also exacerbate pest infestations and diseases,
further threatening agricultural productivity. The resulting strain on food resources could lead to
higher prices and increased poverty, impacting the most vulnerable communities.

Climate change also poses risks to livestock (NAP of Bangladesh 2023-2030). Extreme heat
increases the risk of heatstroke and outbreaks of disease and may result in mass death among
animals. Even more moderate increases in temperature may reduce the production in milk,
egg and meat. Risks associated with cold spells, such as diseases and reduced food intake,
are expected to be reduced as a result of increasing temperatures. Flooding and extreme
precipitation can put livestock at direct and indirect risk, for example through reduced
availability of fodder and clean water. Rising sea levels pose a threat to agricultural
production by salinity intrusion and flooding. The salinization of farmland is already evident,
with a 27% increase in salt-affected coastal areas since the 1970s, which has consequences
for crops and livelihoods. The inundation of coastal areas threatens food security for a large
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portion of the population, especially the 37% engaged in agriculture (Hug et al. 2024).
Furthermore, increasingly saline waters are projected to disrupt fisheries, which are a
critical source of protein for impoverished coastal communities (Hug et al. 2024).
The mangroves of the Sundarbans, which are habitats and breeding grounds for fish,
are also threatened by damage from cyclones.

The salinization also affects freshwater resources, as saline water can infiltrate groundwater
and surface water, impacting drinking water supplies. The contamination of drinking water
supplies by saline intrusion poses a significant health risk, potentially leading to increases
in cardiovascular disease, hypertension, and waterborne diseases. Poor water quality also
poses difficulties for the menstrual health and hygiene of women and adolescent girls in coastal
regions.

Adaptation measures such as growing salt- and heat-tolerant crops, using integrated farming
strategies e.g. combining agriculture and aquaculture, and learning climate-smart practices
such as crop rotations, may counteract some of the negative impacts of climate change (Akhter
et al. 2025).

Forests and forestry

Through the process of photosynthesis, trees absorb and store carbon dioxide from the
atmosphere (Miah et al. 2011). They are a natural carbon sink and as such critical to
mitigating global warming. Bangladesh has committed to reducing greenhouse gas
emissions from deforestation and enhancing the carbon absorption capacity through
reforestation, and has taken significant steps to achieve this under the REDD+ Strategy
(2016-2030) (Bangladesh Forest Department, 2016). The strategy aims to address
deforestation while promoting sustainable forest management and afforestation initiatives.
Despite these efforts, reforestation and planting in some areas—such as coastal mangrove
afforestation—have been counteracted by deforestation in other regions, particularly in the
Chattogram Hill Tracts and peri-urban areas, where agriculture, urbanization, and illegal
logging remain significant drivers (Mamnun and Hossen, 2020; Global Forest Watch, 2023).
Effective governance will be key to counteract the ecological, financial and socioeconomic
pressures that drive deforestation (Nadiruzzaman et al. 2025).

Forests in Bangladesh play a critical role in supporting human livelihoods and protecting
communities from natural disasters. They provide essential ecosystem services, such as
fuelwood, timber, and food production, which are vital for rural communities' income and
subsistence, and indirect but equally important benefits like water purification, soil fertility
and crop pollination (Islam et al. 2017, Ahammad et al. 2019). Forest ecosystems, such as the
Sundarbans mangroves, act as natural barriers against tropical cyclones and storm surges,
reducing the devastating impacts of these extreme weather events on coastal populations
(Sarker et al. 2020; Parvin et al. 2023). Similarly, forests in hilly areas, such as the Chattogram
Hill Tracts, help prevent soil erosion and landslides, which are becoming more frequent due
to deforestation and erratic rainfall patterns exacerbated by climate change (Kafy et al. 2017;
Nadiruzzaman et al. 2025). Protecting and restoring these forests is thus essential not
only for mitigating climate change but also for safeguarding human lives and livelihoods.
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Displacement and damage from sea level rise and storm surges

As previously discussed, chronic sea level rise is causing permanent coastal inundation,
increased salinity, and threats to freshwater resources and the Sundarbans (Hug et al.
2024). Storm surges, exacerbated by rising sea levels, also lead to widespread flooding and
increased salinity. These physical changes have significant cascading impacts on the
population. Regarding chronic sea level rise, the projected rise in southern Bangladesh could
displace around 0.9 million people by 2050, forcing them to leave their homes.

Storm surge flooding events, which are intensified by sea level rise, pose immediate and
severe threats to the population. Hug et al. (2024) notes that during Cyclone Amphan
in 2020, storm surges flooded areas located up to 15 km inland after damaging coastal
embankments, forcing 500,000 families from their homes. Projections indicate that if a
similar cyclone occurred in 2100 with the projected sea level rise, the number of people
exposedtothe storm surge could be 50-80% higherthanin 2020, unless globaltemperature rise is
limited to 2 °C. These events not only cause immediate displacement and loss of homes but also
increase the salinity of soil and water, making recovery and continued habitation more difficult
for coastal communities.

The average annual loss due to climate-related disasters in Bangladesh is estimated at
around $3 billion, or 1-2% of GDP, with much higher figures in individual years, indicating a
significant economic burden on the population. In 2019 alone, 4.1 million people were
displaced because of climate disasters. Overall, both chronic sea level rise and storm surges
present compounding threats to the lives, livelihoods, health, and displacement of the
population in Bangladesh.

Adaptation and Resilience Efforts

Bangladesh is recognized as a global leader in adaptation and resilience, having decades of
experience in supporting communities. A significant success is the Cyclone Preparedness
Programme (CPP), which has dramatically reduced cyclone-related deaths from six digits to
double digits through early warning systems, community engagement, and the construction of
4,630 cyclone shelters by 2022.

Coastal polders, protecting around 25% of the coastal zone, are crucial for adapting to
tidal floods and salinity intrusion, with ongoing projects upgrading these embankments and
directly protecting over 670,000 people. Innovative climate-smart agricultural practices like
saline-tolerant rice, gher farming, and floating agriculture are helping to safeguard food
security.

Bangladesh has also developed numerous national adaptation policies and plans since
being one of the first least developed countries to create a National Adaptation Programme
of Action in 2005. These include the Bangladesh Delta Plan 2100 (GED 2018), the Mujib
Climate Prosperity Plan (MEFCC 2022), and the National Adaptation Plan of Bangladesh
2023-2050 (MEFCC 2023), increasingly recognizing the importance of locally led adaptation. The
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government is already investing significantly in climate adaptation, spending approximately
6-7% of its annual budget, with about 75% from domestic sources. This proactive approach,
combined with successes in disaster preparedness and adaptation planning, offers reasons for
optimism despite the significant challenges.

Bangladesh needs to move beyond policy-making and ensure system-wide, cross-sectoral
action to align with the WHO Global Action Plan on Climate Change and Health (Faruqui
et al. 2025). A key priority is making the national health infrastructure climate-resilient.
Although a few pilot projects exist, they are limited and fragmented. Since hospitals and health
centers are frontline responders during climate emergencies, they need strong infrastructure
standards to withstand extreme weather and provide uninterrupted care. By addressing this gap,
Bangladesh can set a global example by turning the WHO vision into practical, scalable solutions
that protect both health systems and vulnerable populations.

These ambitious local adaptation measures could reduce the damage of climate change,
but as Bangladesh’'s contribution to greenhouse gas emissions is small, in total and per
capita (Ritchie et al. 2023, IEA 2025), the country cannot solve the climate crisis alone.
Immediate and efficient international efforts to phase out fossil fuels and limit global warming
are essential to reduce the potential harm on communities in Bangladesh and elsewhere. The
projections of climate change presented and discussed in this report highlight that different
emission scenarios can lead to vastly different climate futures. In other words, the future is not
set in stone and much can still be done to steer clear of the worst outcomes of anthropogenic
climate change. Even though the future climate development isn't set, there is a strong need for
continued focus on climate adaptation in Bangladesh no matter which future scenario that turns
out to be most representative
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Appendix 1: Methods and data

CMIP6-NEX-GDDP downscaled climate model data

The analysis in this report was based on the NASA Earth Exchange Global Daily Downscaled
Projections (NEX-GDDP-CMIP6) (Thrasher et al.,, 2022). The ensemble consists of 35 model
simulations (Table A1) from the Coupled Model Intercomparison Project Phase 6 (CMIP6) (Eyring et
al., 2016), which were downscaled to a higher spatial resolution using a daily version of the monthly
bias correction/spatial disaggregation (BCSD) method (Wood et al., 2002; 2004). The downscaling
procedure interpolated the GCM data to a common 0.25 x 0.25 degree spatial resolution grid and
bias-corrected the data to more closely resemble observational data, while retaining extreme events.
For temperature, monthly large-scale trends were extracted prior to downscaling and subsequently
added back.



GCM ripf grid Tasmax Tasmin Tas Pr

ACCESS-CM2 rlilplfl gn all all all all
ACCESS-ESM1-5 rlilpifi gn all all all all
BCC-C5M2-MR rlilpifl gn all all all all
CanESM5 rlilpifl gn all all all all
CESM2 rdilplfl gn |mone none all all

CESM2-WACCM  r3ilplfl gn |none none some  some
CMCC-CM2-SR5  rlilplfl gn Ssome some  all all

CMCC-ESM2 rlilplfi gn all all all all
CNRM-CM&-1 rlilplf2 gr all all all all
CNRM-ESM2-1 riilpif2 gr all all all all
EC-Earth3 rlilpifi gr  all all all all
EC-Earth3-Veg-LR rlilpifl gr all all all all
FGOALS-g3 r3ilplfi gn all all all all
GFDL-CM4 rlilpifl grl some some  some some
GFDL-CM4 rlilplfl gr2 some Some  some some
GFDL-ESM4 rlilplfl grl all all all all
GISS-E2-1-G rlilplf2 gn all all all all

HadGEM3-GC31-LL rlilplf3 gn some some  some  some
HadGEM3-GC31-Mirlilplf3 gn some some  some some

ITM-ESM rlilplfl gn |mone none all all
INM-CM4-8 rlilpifl grl all all all all
INM-CM5-0 rlilplfl grl all all all all
IPSL-CM6A-LR rlilpifl gr all all all all
KACE-1-0-G rlilplfl gr all all all all
KIOST-ESM riilpifl grl some Some  some some
MIROC-ES2L rlilpif2 gn all all all all
MIROCE rlilplfl gn all all all all
MPI-ESM1-2-HR rlilplfl gn all all all all
MPI-ESM1-2-LR rlilpifli gn all all all all
MRI-ESM2-0 rlilpifli gn all all all all
NESM3 rlilplfi gn some some  some some
NorESM2-LM rlilplfl gn all all all all
MNorESM2-MM rlilpifl gn all all all all
TaiESM1 rlilplfl gn all all all all
UKESM1-0-LL riilpif2 gn all all all all

Table A1.1 The availability of climate models of the NEX-GDDP-CMIP6 ensemble for different climatological
variables (Tasmax, Tasmin, and Tas are the daily maximum, minimum, and mean air temperature, Pr is the daily
precipitation sum). For each model and variable, the table shows if data are available for all, some or none of the
emission scenarios (historical, SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5). Background colors show the
same information (green = all, yellow = some, red = none). The table includes model name (GCM), variant id (ripf
= realization, initialization, physics and forcing), and spatial grid (gn means output on the model’s native grid; gr,
gr1 and gr2 indicates that the output has been regridded) of each model simulation. Three models that were
found to have a deviating seasonal cycle of precipitation or temperature compared to observations are marked
with red font. The 23 models that were used in the climate analyses presented in the report are marked with bold
font.

Validation of the NEX-GDDP-CMIP6 data

To ensure that the NEX-GDDP-CMIP6 data set provides credible projections of anthropogenic climate
change for South Asia and Bangladesh, we validated the downscaled climate data against
observations for the historical period. Out of the 35 models in the CMIP6-NEX-GDDP ensemble, we
used 23 in our analyses (marked in bold font in Table A1.1). Three were excluded due to
discrepancies between the observed and modeled seasonal cycles of precipitation or temperature,
and another ten because they did not provide data for all relevant emission scenarios and climate
variables. The details of the validation are described below.



Reference data

As a reference for precipitation, we used the ENACTS-BMD data set (Acharya et al., 2020) which
provides gridded observational data for Bangladesh on a 0.05 x 0.05 degree spatial resolution for the
period 1981-2021. The data set is produced by combining satellite imagery and station observations.
A comparison of the mean ENACTS-BMD precipitation to station-based observations from
Bangladesh showed a strong agreement between the two data sets.

For the temperature, we used ERA5 (Hersbach et al.,, 2020) as a reference. ERA5 is a global
reanalysis product that provides comprehensive data for the atmosphere, land, and ocean based on
assimilation of a range of observational sources (e.g. station observations, satellite records,
radar-gauge composites). The ERA5 data have a spatial resolution of 0.25 x 0.25 degrees and are
available back to 1950.

For the validation of NEX-GDDP-CMIP6, we focused on the period 1981-2014. The reference period
was chosen because the ENACTS-BMD data set starts in 1981, and the historical period of the
CMIP6 models extends to 2014, after which the emission scenarios start.

Validation method

As opposed to weather prediction models, climate models are not expected to reproduce or predict
the weather conditions day-by-day or year-by-year. Each model simulation represents one of many
possible developments. Direct comparison of historical observations and model data for the same
time steps is therefore not a relevant measure of model quality. Instead, statistical properties (e.g.,
spatial patterns, seasonal cycles, or inter-annual variability) of model output and observations for a
historical reference period can be compared to each other.

We evaluated the climate models using a method developed by Benestad et al. (2023), in which a
common Empirical Orthogonal Analysis (common EOF) is applied to model data and observations
concurrently. The common EOF procedure identifies a set of spatial patterns that are present in both
the model and observational data sets. It also outputs a set of eigenvalues that represent the relative
importance of each pattern and Principal Components (PCs) that describe their variation in time (the
mean seasonal cycle) associated with each spatial pattern and for each data set. The first mode
explains most of the variance of the data, and each following mode carries less weight and is typically
related to smaller scale variability. To use the common EOF method for validation, the PCs associated
with the observations are compared to the PCs of the models.

Results of the validation

The first leading common EOF mode of the precipitation seasonal cycle explains almost 97% of the
variance of the combined data set ENACTS-BMD and NEX-GDDP-CMIP6 (Figure A1.1, upper right
panel). The spatial pattern EOF1 (Figure A1.1, upper left panel) is characterized by high precipitation
in the northeast and southeast, and lower precipitation in the west, which is in line with the average
precipitation pattern in Bangladesh in the monsoon season. The first Principal Component (PC1)
associated with the observations shows a clear seasonal cycle, with the highest values in the
monsoon season, most notably in June and July, and lowest precipitation in winter (Figure A1.1, lower
panel). The models show a similar PC1 seasonal cycle, but with slightly higher values in the later
months of the monsoon season (August and September). One model, KACE-1-0-G, diverges notably
from the observations and other models in several months.



The second precipitation mode explains only 2% of the variance (Figure A1.2, upper right panel). The
spatial pattern, EOF2 (Figure A1.2, upper left panel), has a maximum in the south-east of
Bangladesh. The PC2 seasonal cycle displays a minimum in the pre-monsoon season (May) and a
maximum in the monsoon season (July or August), associated with both the observations and models
(Figure A1.2, lower panel). This common EOF mode can be seen as an adjustment of the spatial
precipitation pattern, which is different in May compared to July and August, especially in the
southeast. There is a slight difference in timing between the observations and models, but there is
overall good agreement. Again, KACE-1-0-G stands out as different compared to observations and
other models.

Looking at the three leading common EOF modes, KACE-1-0-G is consistently an outlier (Figure
A1.3). In the third EOF mode (not shown), NorESM2-LM also has a diverging seasonal cycle, with a
strangely high value in November, but since this mode explains only 0.6% of the variance, this is
assumed not to be as serious. On the basis of the common EOF analysis of precipitation,
KACE-1-0-G is excluded from the NEX-GDDP-CMIP6 ensemble used in this report.

For temperature, the first leading common EOF mode, which explains 98% of the variance (Figure
A1.4, upper right panel), has a spatial pattern characterized by a northwest to southeast gradient
(Figure A1.4, upper left panel). The principal component shows a seasonal cycle with negative values
in the winter season and positive values from April to September (Figure A1.4, lower panel). The
second mode explains only 1.6% of the total variance (Figure A1.5, upper right panel). EOF2 looks
like a northeast to southwest dipole (Figure A1.5, upper left panel) and PC2 describes a seasonal
cycle with two peaks, in April and November (Figure A1.5, lower panel). For both of these common
EOF modes, as well as the third, the PCs associated with ERA5 and the PCs connected to the
NEX-GDDP-CMIP6 models are very similar (Figure A1.6). Two models, FGOALS-g3 and
CMCC-CM2-SR5, show stronger discrepancies compared to ERA5 than the rest of the
NEX-GDDP-CMIP6 ensemble. These models are also excluded from further analysis.

Influence of ensemble selection on the climate change signal

In addition to the three models identified as outliers in the validation described above, another 9
models were excluded from analyses due to missing data for some variables and scenarios (Table
A1). The advantage of having a consistent ensemble is that it ensures that the estimated difference
between two time periods or scenarios is due to changes in the projected climate, and not related to
changes in model composition. However, there is a risk that reducing the ensemble size also results
in a failure to represent natural climate variability and the range of possible outcomes of climate
change. Selecting a small subsample of models may also skew the climate change signal, giving a
stronger or weaker ensemble mean warming depending on the models selected (Mezghani et al.,
2019). To evaluate the impact of ensemble selection, we compare the full NEX-GDDP-CMIP6
ensemble to the subset used for analyses.

The mean temperature and precipitation in Bangladesh changes very little in both the historical period
(1985—-2014) and in the end future (2071-2100) as a result of the ensemble selection (Figure A1.7).
Comparing the full NEX-GDDP-CMIP6 ensemble of 35 models to the reduced ensemble of 23 models
used in analyses, there was a small difference in the ensemble mean value in all seasons, for both
precipitation and temperature. The ensemble maximum of the temperature in the historical period was
reduced when excluding the models that were excluded after the validation, but otherwise, the results
were not strongly affected. The ensemble mean was not skewed in any direction and the ensemble
quantiles still covered most of the range. This suggests that the subset of models used in this report
represents the range of possible changes of the climate sufficiently well.
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Figure A1.1 Key results from the common EOF analysis of the seasonal mean precipitation cycle of the NEX-GDDP-CMIP6
ensemble (climate model data) and ENACTS-BMD (gridded observations) in the period 1981-2014. The figure shows a map of
the spatial pattern associated with the first leading EOF mode (EOF1, top left panel), a plot displaying the total variance
explained by each mode (top right panel), and the first Principal Component (PC1, bottom panel) which describes the seasonal
cycle connected to EOF1 for the observations (black line) and the NEX-GDDP-CMIP6 models (red lines). The first mode
explains almost 97% of the variance of the seasonal mean precipitation cycle.
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Figure A1.2 Key results from the common EOF analysis of the seasonal mean precipitation cycle of the NEX-GDDP-CMIP6
ensemble (climate model data) and ENACTS-BMD (gridded observations) in the period 1981-2014. The figure shows results
for the second leading EOF mode (EOF2). Details as in Figure A1.1.
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Figure A1.3 The first three principal components (PCs) obtained from common EOF analysis of the seasonal mean precipitation
cycle in the period 1981-2014 (more details in Figure A1.1). The black line in each panel shows the PC associated with the
assimilated gridded observations (ENACTS-BMD), grey lines represent the PCs of the NEX-GDDP-CMIP6 climate model
ensemble, and the colored lines highlight the models that have the largest deviation from the observational PCs.
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Figure A1.4 Key results from the common EOF analysis of the seasonal mean temperature cycle of the NEX-GDDP-CMIP6
ensemble (climate model data) and the ERAS reanalysis data set (assimilated observations) in the period 1981-2014. The
figure shows results for the first leading mode of variability, which explains 98% of the variance of the collected temperature
data. Details as in Figure A1.1.
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Figure A1.5 Key results from the common EOF analysis of the seasonal mean temperature cycle of the NEX-GDDP-CMIP6
ensemble (climate model data) and the ERAS reanalysis data set (assimilated observations) in the period 1981-2014. The
figure shows results for the second leading mode of variability, which explains 1.6% of the variance of the collected temperature
data. Details as in Figure A1.1.
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Figure A1.6 The first three principal components (PCs) obtained from common EOF analysis of the seasonal mean temperature
cycle. The black line in each panel shows the PC associated with the assimilated observations (ERAS reanalysis), grey lines
represent the PCs of the NEX-GDDP-CMIP6 climate model ensemble, and the colored lines highlight the models that have the
largest deviation from the observational PCs.
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Figure A1.7 Influence of model selection on a) mean temperature and b) precipitation in Bangladesh. Symbols show the
ensemble mean, thick lines the 5th to 95th percentiles, and thin lines the ensemble minimum and maximum. Black markers
represent the full NEX-GDDP-CMIP6 ensemble, blue shows results without KACE-1-0-G, CMCC-CM2-SR5, and FGOALS-g3,
and red represents an ensemble which also excludes models that have unavailable data for some scenarios and variables.
Results are displayed for all seasons, for the historical period (1985-2014) and future (2071-2100) under emission scenario
SSP5-8.5.

Seasonal cycle of Bangladesh: NEX-GDDP-CMIP6 vs surface based observations

Surface based measurements of precipitation and temperature have been carried out at stations in
Bangladesh for a long time. Data since 1948 is available at BMD, with an increase in the number of
observational stations since 1970. Operation of the measurement stations as well as gathering,
distribution, and quality control of the data is managed by the Bangladesh Meteorological Department
(BMD). Recent tests of homogeneity have shown that the data are of consistently good quality from
around 1981 (Rashid et al., 2024).

Comparing the seasonal cycle of the NEX-GDDP-CMIP6 ensemble in the historical reference period
1985-2014 (presented in Chapter 4, Figures 4.2-4.5) with corresponding maps based on
surface-based observations (Figures A1.8—-A1.11) shows that the model data have the same
spatio-temporal variations as the observed climatology. The seasonal mean precipitation and



temperature based on observations and models closely resemble each other, both in terms of the
average values for the whole country and the spatial distribution. The NEX-GDDP-CMIP6 data set is
bias-corrected and has been tuned to local observations, so any other results would be surprising.
Nevertheless, it is an important result as it confirms that the NEX-GDDP-CMIP6 provides a realistic
picture of the present-day climate.
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Figure A1.8 Seasonal average values of the daily mean temperature from surface based observations in
Bangladesh for the period 1985-2014 in the a) pre-monsoon (April-May), b) monsoon (June—September), c)
post-monsoon (October and November), and d) winter (December—February) seasons. The mean value of
each map shows the country average.
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Figure A1.9 Seasonal average values of the daily maximum temperature from surface based observations in
Bangladesh for the period 1985-2014 in the a) pre-monsoon (Apri-May), b) monsoon (June—September), c)
post-monsoon (October and November), and d) winter (December—February) seasons. The mean value of
each map shows the country average.
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Figure A1.10 Seasonal average values of the daily minimum temperature from surface based observations in
Bangladesh for the period 1985-2014 in the a) pre-monsoon (Apri-May), b) monsoon (June—September), c)
post-monsoon (October and November), and d) winter (December—February) season. The mean value of each
map shows the country average.
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Figure A1.11 Seasonal average values of the precipitation sum from surface based observations in Bangladesh
for the period 1985-2014 in the a) pre-monsoon (Apri-May), b) monsoon (June—September), c) post-monsoon

(October and November), and d) winter (December—February) season. The mean value of each map shows
the country average.



Appendix 2: Future climate projections for all

emission scenarios

Appendix 2 presents future climate projections based on emission scenarios SSP1-2.6, SSP2-4.5,
and SSP5-8.5, which are discussed and referenced but not displayed in Chapters 5 and 6 of this
report. Figures A2.1-A2.43 show changes in various climate variables from the reference period
(1985-2014) to the mid-century (2041-2070) or end of the century (2071-2100), based on the
ensemble mean of the NEX-GDDP-CMIP6 projections.
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Figure A2.1 Changes in the daily mean temperature from the reference period (1985-2014) to the
mid-century (2041-2070) under emission scenario SSP1-2.6, as estimated by the NEX-GDDP-CMIP6
ensemble mean for the a) pre-monsoon, b) monsoon, c) post-monsoon, and d) winter seasons. The
mean value of each map shows the country average.



Temperature (deg C), change 1985-2014 to 2041-2070, SSP245 ensemble mean
a) premonsoon b) monsoon

L
A :%_
26°N- ,J'
LI

2HN- E S mean =1.3 Temperature
y =5
) [45-5)
- - i Rar EE e o
25°H- BN S [4-45)
5 { [B5-4)
il 2
™ B-35
24N~ 247N - 25-3)
1 Ié\\, 2-25
{ M5-2)
ity 3l
23N~ 23N~ : }'1} PR n-1s
', o LY
ot o |i 05-1)
o ! 0-05)
22~ 22°N- : é, | [05-0)
a;f \.!'. 1 --05)
1y v -1
21°N- 21°N- \‘.}‘
N
88°E B9E G0°E ME 92 88°E BOE E OE 92
c) postmonsoon d) winter
26 26N mean =1.7
25°M- 25 (ﬂ_
2at- -
- 23°N-
- —
21 21
BSE B9E G0°E M @2 88°E B9E W0°E O1E O2°F

Figure A2.2 Changes in the daily mean temperature from the reference period (1985-2014) to the
mid-century (2041-2070) under emission scenario SSP2-4.5, as estimated by the NEX-GDDP-CMIP6
ensemble mean for the a) pre-monsoon, b) monsoon, c) post-monsoon, and d) winter seasons. The
mean value of each map shows the country average.
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Figure A2.3 Changes in the daily mean temperature from the reference period (1985-2014) to the
mid-century (2041-2070) under emission scenario SSP5-8.5, as estimated by the NEX-GDDP-CMIP6

ensemble mean for the a) pre-monsoon, b) monsoon, ¢) post-monsoon, and d) winter seasons.The
mean value of each map shows the country average.
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Figure A2.4 Changes in the daily mean temperature from the reference period (1985—-2014) to the end
of the century (2071-2100) under emission scenario SSP1-2.6, as estimated by the
NEX-GDDP-CMIP6 ensemble mean for the a) pre-monsoon, b) monsoon, c¢) post-monsoon, and d)
winter seasons. The mean value of each map shows the country average.
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Figure A2.5 Changes in the daily mean temperature from the reference period (1985-2014) to the end
of the century (2071-2100) under emission scenario SSP2-4.5, as estimated by the
NEX-GDDP-CMIP6 ensemble mean for the a) pre-monsoon, b) monsoon, c¢) post-monsoon, and d)
winter seasons. The mean value of each map shows the country average.
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Figure A2.6 Changes in the daily mean temperature from the reference period (1985-2014) to the end
of the century (2071-2100) under emission scenario SSP5-8.5, as estimated by the
NEX-GDDP-CMIP6 ensemble mean for the a) pre-monsoon, b) monsoon, c¢) post-monsoon, and d)
winter seasons.The mean value of each map shows the country average.
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Figure A2.7 Changes in the daily maximum temperature from the reference period (1985-2014) to the
mid-century (2041-2070) under emission scenario SSP1-2.6, as estimated by the NEX-GDDP-CMIP6
ensemble mean for the a) pre-monsoon, b) monsoon, c¢) post-monsoon, and d) winter seasons.The
mean value of each map shows the country average.
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Figure A2.8 Changes in the daily maximum temperature from the reference period (1985-2014) to the
mid-century (2041-2070) under emission scenario SSP2-4.5, as estimated by the NEX-GDDP-CMIP6
ensemble mean for the a) pre-monsoon, b) monsoon, ¢) post-monsoon, and d) winter seasons.The
mean value of each map shows the country average.
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Figure A2.9 Changes in the daily maximum temperature from the reference period (1985-2014) to the
mid-century (2041-2070) under emission scenario SSP5-8.5, as estimated by the NEX-GDDP-CMIP6
ensemble mean for the a) pre-monsoon, b) monsoon, ¢) post-monsoon, and d) winter seasons.The
mean value of each map shows the country average.
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Figure A2.10 Changes in the daily maximum temperature from the reference period (1985-2014) to
the end of the century (2071-2100) under emission scenario SSP1-2.6, as estimated by the
NEX-GDDP-CMIP6 ensemble mean for the a) pre-monsoon, b) monsoon, c¢) post-monsoon, and d)
winter seasons. The mean value of each map shows the country average.
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Figure A2.11 Changes in the daily maximum temperature from the reference period (1985-2014) to
the end of the century (2071-2100) under emission scenario SSP2-4.5, as estimated by the
NEX-GDDP-CMIP6 ensemble mean for the a) pre-monsoon, b) monsoon, c¢) post-monsoon, and d)
winter seasons. The mean value of each map shows the country average.
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Figure A2.12 Changes in the daily maximum temperature from the reference period (1985-2014) to
the end of the century (2071-2100) under emission scenario SSP5-8.5, as estimated by the
NEX-GDDP-CMIP6 ensemble mean for the a) pre-monsoon, b) monsoon, c¢) post-monsoon, and d)
winter seasons. The mean value of each map shows the country average.
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Figure A2.13 Changes in the daily minimum temperature from the reference period (1985-2014) to
the mid-century (2041-2070) under emission scenario SSP1-2.6, as estimated by the
NEX-GDDP-CMIP6 ensemble mean for the a) pre-monsoon, b) monsoon, c¢) post-monsoon, and d)
winter seasons. The mean value of each map shows the country average.
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Figure A2.14 Changes in the daily minimum temperature from the reference period (1985-2014) to
the mid-century (2041-2070) under emission scenario SSP2-4.5, as estimated by the
NEX-GDDP-CMIP6 ensemble mean for the a) pre-monsoon, b) monsoon, c¢) post-monsoon, and d)
winter seasons. The mean value of each map shows the country average.
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Figure A2.15 Changes in the daily minimum temperature from the reference period (1985-2014) to
the mid-century (2041-2070) under emission scenario SSP5-8.5, as estimated by the
NEX-GDDP-CMIP6 ensemble mean for the a) pre-monsoon, b) monsoon, c¢) post-monsoon, and d)
winter seasons.The mean value of each map shows the country average.
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Figure A2.16 Changes in the daily minimum temperature from the reference period (1985-2014) to
the end of the century (2071-2100) under emission scenario SSP1-2.6, as estimated by the
NEX-GDDP-CMIP6 ensemble mean for the a) pre-monsoon, b) monsoon, c¢) post-monsoon, and d)
winter seasons. The mean value of each map shows the country average.
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Figure A2.17 Changes in the daily minimum temperature from the reference period (1985-2014) to
the end of the century (2071-2100) under emission scenario SSP2-4.5, as estimated by the
NEX-GDDP-CMIP6 ensemble mean for the a) pre-monsoon, b) monsoon, c¢) post-monsoon, and d)
winter seasons. The mean value of each map shows the country average.
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Figure A2.18 Changes in the daily minimum temperature from the reference period (1985-2014) to
the end of the century (2071-2100) under emission scenario SSP5-8.5, as estimated by the
NEX-GDDP-CMIP6 ensemble mean for the a) pre-monsoon, b) monsoon, c¢) post-monsoon, and d)
winter seasons. The mean value of each map shows the country average.
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Figure A2.19 The number of heatwave days (daily maximum temperature > 36 °C) in the mid-century
(2041-2070) under SSP1-2.6. The estimates are based on the NEX-GDDP-CMIP6 ensemble mean of
the daily maximum temperature for the a) pre-monsoon, b) monsoon, c) post-monsoon, and d) winter
seasons. The mean value of each map shows the country average.
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Figure A2.20 The number of heatwave days (daily maximum temperature > 36 °C) in the mid-century
(2041-2070) under SSP2-4.5. The estimates are based on the NEX-GDDP-CMIP6 ensemble mean of
the daily maximum temperature for the a) pre-monsoon, b) monsoon, c) post-monsoon, and d) winter
seasons. The mean value of each map shows the country average.
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Figure A2.21 The number of heatwave days (daily maximum temperature > 36 °C) in the mid-century
(2041-2070) under SSP5-8.5. The estimates are based on the NEX-GDDP-CMIP6 ensemble mean of

the daily maximum temperature for the a) pre-monsoon, b) monsoon, c) post-monsoon, and d) winter
seasons. The mean value of each map shows the country average.
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Figure A2.22 The number of heatwave days (daily maximum temperature > 36 °C) at the end of the
century (2071-2100) under SSP1-2.6. The estimates are based on the NEX-GDDP-CMIP6 ensemble
mean of the daily maximum temperature for the a) pre-monsoon, b) monsoon, c¢) post-monsoon, and
d) winter seasons. The mean value of each map shows the country average.
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Figure A2.23 The number of heatwave days (daily maximum temperature > 36 °C) at the end of the
century (2071-2100) under SSP2-4.5. The estimates are based on the NEX-GDDP-CMIP6 ensemble
mean of the daily maximum temperature for the a) pre-monsoon, b) monsoon, ¢) post-monsoon, and
d) winter seasons. The mean value of each map shows the country average.
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Figure A2.24 The number of heatwave days (daily maximum temperature > 36 °C) at the end of the
century (2071-2100) under SSP5-8.5. The estimates are based on the NEX-GDDP-CMIP6 ensemble
mean of the daily maximum temperature for the a) pre-monsoon, b) monsoon, ¢) post-monsoon, and
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Heat waves in Rangpur, 2071 - 2100
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Figure A2.25 The number of heatwave days (daily maximum temperature > 36 °C) at the end of the
century (2071-2100) at Rangpur under different SSPs. The estimates are based on the
NEX-GDDP-CMIP6 ensemble mean of the daily maximum temperature.
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Figure A2.26 The number of heatwave days (daily maximum temperature > 36 °C) at the end of the
century (2071-2100) at Rajshahi under different SSPs. The estimates are based on the
NEX-GDDP-CMIP6 ensemble mean of the daily maximum temperature.
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Figure A2.27 The number of heatwave days (daily maximum temperature > 36 °C) at the end of the
century (2071-2100) at Khulna under different SSPs. The estimates are based on the
NEX-GDDP-CMIP6 ensemble mean of the daily maximum temperature.
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Figure A2.28 The number of heatwave days (daily maximum temperature > 36 °C) at the end of the
century (2071-2100) at Barisal under different SSPs. The estimates are based on the
NEX-GDDP-CMIP6 ensemble mean of the daily maximum temperature.
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Figure A2.29 The number of heatwave days (daily maximum temperature > 36 °C) at the end of the
century (2071-2100) at Chattogram under different SSPs. The estimates are based on the
NEX-GDDP-CMIP6 ensemble mean of the daily maximum temperature.
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Figure A2.30 The number of heatwave days (daily maximum temperature > 36 °C) at the end of the

century (2071-2100) at Sylhet under different SSPs. The estimates are based on the
NEX-GDDP-CMIP6 ensemble mean of the daily maximum temperature.
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Figure A2.31 The number of heatwave days (daily maximum temperature > 36 °C) at the end of the
century (2071-2100) at Mymensingh under different SSPs. The estimates are based on the
NEX-GDDP-CMIP6 ensemble mean of the daily maximum temperature.
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Figure A2.32 Changes in the seasonal precipitation sum from the reference period (1985-2014) to the
mid-century (2041-2070) under emission scenario SSP1-2.6, as estimated by the NEX-GDDP-CMIP6
ensemble mean for the a) pre-monsoon, b) monsoon, c¢) post-monsoon, and d) winter seasons.The
mean value of each map shows the country average.
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Figure A2.33 Changes in the seasonal precipitation sum from the reference period (1985-2014) to the
mid-century (2041-2070) under emission scenario SSP2-4.5, as estimated by the NEX-GDDP-CMIP6
ensemble mean for the a) pre-monsoon, b) monsoon, c¢) post-monsoon, and d) winter seasons.The
mean value of each map shows the country average.
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Figure A2.34 Changes in the seasonal precipitation sum from the reference period (1985-2014) to the
mid-century (2041-2070) under emission scenario SSP5-8.5, as estimated by the NEX-GDDP-CMIP6
ensemble mean for the a) pre-monsoon, b) monsoon, ¢) post-monsoon, and d) winter seasons.The
mean value of each map shows the country average.



Precipitation (mmy}, change 1985-2014 to 2071-2100, SSP126 ensemble mean

a) premonsoon b) monsoon
2 I,
2nsy Precipitation
wne A mean = 30 - S
SN & = 26°N- L B o
N P“."‘a"' ; 550 - 600)
"y - Sl L 500 - 5501
25°N= 5= - 4 = [450 - 500)
i 400 - 450
1350 - 400)
2A™N= 24"N= [300 - 350)
|| pso-a0m
|| roo-250
ZFI"N- ZITN= [150 - 2001
10 - 150)
[50 - 100)
22°N- 22N~ D-50
150-0)
[-100--50)
21°N- 21N~ | <100
88"E  B°E G0°E  91°E  O2°F 8sE B 90°E o*E e
¢) postmonsoon d) winter
&
P \ﬂ‘-\:%\ gt
26°N- mean = 24 26N \2{ oy mean =4
L !
25N~ N o
/
~L
24N~ 24~
23N~ 23N~
22N~ 2=
21°N- 21°N-
)
B8°E BE 9°E S1°E 9E 88 89E  9E ME 9P°E

Figure A2.35 Changes in the seasonal precipitation sum from the reference period (1985-2014) to the
end of the century (2071-2100) under emission scenario SSP1-2.6, as estimated by the
NEX-GDDP-CMIP6 ensemble mean for the a) pre-monsoon, b) monsoon, c¢) post-monsoon, and d)
winter seasons. The mean value of each map shows the country average.
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Figure A2.36 Changes in the seasonal precipitation sum from the reference period (1985—-2014) to the
end of the century (2071-2100) under emission scenario SSP2-4.5, as estimated by the
NEX-GDDP-CMIP6 ensemble mean for the a) pre-monsoon, b) monsoon, c¢) post-monsoon, and d)
winter seasons. The mean value of each map shows the country average.
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Figure A2.37 Changes in the seasonal precipitation sum from the reference period (1985-2014) to the
end of the century (2071-2100) under emission scenario SSP5-8.5, as estimated by the
NEX-GDDP-CMIP6 ensemble mean for the a) pre-monsoon, b) monsoon, c¢) post-monsoon, and d)
winter seasons. The mean value of each map shows the country average.



Cold spells (number of days with Tmin < 10 deg C), SSP126 ensemble mean 2041-2070
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Figure A2.38 The number of cold spell days (daily minimum temperature < 10 °C) in the mid-century
(2041-2071) under SSP1-2.6. The estimates are based on the NEX-GDDP-CMIP6 ensemble mean of
the daily minimum temperature for the a) pre-monsoon, b) monsoon, c) post-monsoon, and d) winter
seasons. The mean value of each map shows the country average.
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Figure A2.39 The number of cold spell days (daily minimum temperature < 10 °C) in the mid-century
(2041-2071) under SSP2-4.5. The estimates are based on the NEX-GDDP-CMIP6 ensemble mean of
the daily minimum temperature for the a) pre-monsoon, b) monsoon, c) post-monsoon, and d) winter
seasons. The mean value of each map shows the country average.
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Figure A2.40 The number of cold spell days (daily minimum temperature < 10 °C) in the mid-century
(2041-2071) under SSP5-8.5. The estimates are based on the NEX-GDDP-CMIP6 ensemble mean of
the daily minimum temperature for the a) pre-monsoon, b) monsoon, c¢) post-monsoon, and d) winter
seasons. The mean value of each map shows the country average.



Cold spells (number of days with Tmin < 10 deg C), SSP126 ensemble mean 2071-2100
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Figure A2.41 The number of cold spell days (daily minimum temperature < 10 °C) at the end of the
century (2041-2071) under SSP1-2.6. The estimates are based on the NEX-GDDP-CMIP6 ensemble
mean of the daily minimum temperature for the a) pre-monsoon, b) monsoon, c¢) post-monsoon, and
d) winter seasons. The mean value of each map shows the country average.
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Figure A2.42 The number of cold spell days (daily minimum temperature < 10 °C) at the end of the
century (2041-2071) under SSP2-4.5. The estimates are based on the NEX-GDDP-CMIP6 ensemble
mean of the daily minimum temperature for the a) pre-monsoon, b) monsoon, c¢) post-monsoon, and
d) winter seasons. The mean value of each map shows the country average.
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Figure A2.43 The number of cold spell days (daily minimum temperature < 10 °C) at the end of the
century (2041-2071) under SSP5-8.5. The estimates are based on the NEX-GDDP-CMIP6 ensemble
mean of the daily minimum temperature for the a) pre-monsoon, b) monsoon, c¢) post-monsoon, and
d) winter seasons. The mean value of each map shows the country average.
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