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High-End Climate Change for Specific
Warming Levels and their Implications in the
Ganga River Basin
Introduction to HELIX
The High-End cLimate Impacts and eXtremes
(HELIX), is a European Union Collaborative
project started in November 2013, with sixteen
participating institutions lead by the Exeter
University, UK.
The rate of future climate change will be a
critical factor in the vulnerability or resilience of
societies to the changing climate, because ongoing
economic development will affect the sensitivity of
societies to weather and climate, and adaptation
measures will require time to be identified,
planned and implemented. Interdependencies
between different impacts, both biophysical and
socio-economic, shall make the problem even
more complex.
HELIX has addressed this situation by providing
a clear, coherent, internally-consistent view of a
small, manageable number of “future worlds”
under higher levels of global warming reached
under a range of physical and socio-economic
circumstances, including consideration of different
adaptation scenarios, supported by advice on
which aspects are more certain and which less
certain. This is being delivered through scientific
research across a range of physical, natural and

social science disciplines, in close engagement with
experienced users of climate change information
to ensure appropriate focus, clarity and utility.
The research has focused on addressing the
0
0
questions “What do 4 C and 6 C worlds look
0
like in comparison to 2 C?” and “What are the
consequences of different adaptation choices?”
The core of HELIX work is at the global scale, but
there is an additional focus on three key regions
(Europe, northern sub-Saharan Africa, and Indian
sub-continent). The work presented below is about
the application of HELIX philosophy to the Ganga
River Basin.

Brief Methodology
Eleven high resolution RCM models with
data from 1980-2100 have been used to
identify the Specific Warming Levels (SWLs)
of SWL1.5, SWL2, SWL4, SWL6 under HELIX
objectives. The SWL1.5, SWL2, SWL4 could be
identified but SWL6 could not be identified in the
available data up to 2100. It is likely that SWL6
could have been present in the extended climate
data for Asia beyond 2100.
These SWLs have then been used to derive
impacts on the water resources of the Ganga
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Basin. The well-known distributed hydrological
model SWAT has been deployed to run with the
climate data of the identified eleven regional
climate models for the 30 year period around each
one of the SWL1.5, SWL2, SWL4 levels for each of
the models.
The outputs of these scenarios have been
analysed to evaluate the possible impacts on
some of the important hydrological entities such
as the runoff, baseflow, soil moisture, ground
water recharge and actual evapotranspiration.
The impacts have been expressed as change under
various SWLs with respect to the baseline.

impacts and adaptation for global warming above
0
2 C. For the purpose, development of coherent,
internally-consistent global scenarios of the
combined natural and human world at 1.5, 2, 4 and
0
6 C global warming, including time of reaching
this level early (before 2060s) or later (after 2100)
has been carried out under Work Package (WP3),
based on a set of selected CMIP5 models that
span a good range of fast/slow warming rates and
wet/dry conditions in the HELIX target regions.
Associated timing of passing a specific SWL has
been arrived at as shown in the Table below.

Uncertainty in Key Parameters of
Temperature and Precipitation

Specific Warming Level (SWL)

The range of uncertainties can crop up on

HELIX assesses potential climate change

various accounts, such as definition of greenhouse
gas emissions scenarios with which GCMs
are forced, climate model structure
CMIP5 MODELS AND TIME OF PASSING OF A GIVEN SWL
and downscaling method. However,
WITH THE RCP8.5 FORCING
presently, the uncertainty in the climate
change key parameters of precipitation
Member Model
Ensemble
RCP8.5
and temperature (both minimum and
SWL1.5 SWL2 SWL4 SWL6
maximum) has been considered.
r0

ERA interim

r1

IPSL-CM5A-LR

r1i1p1

2015

2030

2068

2102

r2

GFDL-ESM2M

r1i1p1

2040

2055

2113

2186

r3

HadGEM2-ES

r1i1p1

2027

2039

2074

2110

r4

EC-EARTH

r12i1p1

2019

2035

2083

r5

GISS-E2-H

r1i1p1

2022

2038

2102

r6

IPSL-CM5A-MR

r1i1p1

2020

2034

2069
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Depicting Spatial Variation at
Annual Level
The Figure on page 5 depicts the
spatial variation in the projected
future change in annual minimum
and maximum temperature as well as
precipitation under specific warming
levels of SWL1.5, SWL2 and SWL4 with
respect to the baseline scenario for all
the eleven models.

High-End Climate Change for Specific Warming Levels
and their Implications in the Ganga River Basin

It may be observed from the figure
that there is appreciable variation
across the models for all the three
entities of minimum temperature,
maximum temperature and precipitation.
The change in the minimum annual
o
temperature ranges between 0.8 to 2.1 C
o
under SWL1.5, 1.3 to 2.8 C under SWL2,
o
and between 3.3 to 5 C under SWL4
scenarios. It may also be seen that the
variation in the change in the annual
minimum temperature for SWL1.5 and
SWL2 is relatively lower across the
models in comparison to the variation
observed across the models for SWL4
scenario. (Refer Figure 1)
Similarly, the change in the
maximum annual temperature ranges
between ranging between 0.7 to
o
o
1.8 C under SWL1.5, 1.1 to 2.5 C under
SWL2, and between 2.5 to 5oC under
SWL4 scenario. It may also be seen
again that the variation in change in
the annual maximum temperature for
SWL1.5 and SWL2 is relatively lower in
comparison to the variation observed
across the models for SWL4 scenario.
(Refer Figure 2)
Higher warming is projected for some
parts of Ganga basin than average global
warming for SWL1.5, SWL2 and SWL4
levels both for minimum and maximum
temperatures.

Figure 1: Projected change in annual minimum temperature

Figure 2: Projected change in annual maximum temperature
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In case of precipitation, most of the models
show marginal increase/decrease in annual
precipitation between -7% to 11% under SWL1.5,
9%-15% under SWL2 and -18% to 24% under
SWL4 specific warming levels. The SMHI-RCA4
RCM with MIROC5 and GFDL-ESM2M forcing do
not achieve specific global warming level of 40 C
till end of century. RCM Cordex models namely
REMO2009 (MPI GCM forcing) and SMHI-RCA4
(MPI and GFDL-ESM2M GCM forcing) show
projected marginal decrease in precipitation
whereas rest of the 8 models show projected
increase in precipitation. (Refer Figure 3)

Figure 3: Projected change in annual precipitation

These uncertainties in the key weather
inputs are bound to influence the impacts on
water resources being computed using these
parameters in hydrological models.

At Monthly Level:
Maximum and Minimum Temperature
The uncertainty amongst the climate models
has also been depicted within the year using the
monthly interval for all the three parameters of
maximum temperature, minimum temperature and
precipitation. Maximum and minimum monthly
temperature for all the models for Baseline scenario
is similar for all the 11 models used. There has been
variation that is variable across the months and
across the models for different SWLs.

Figure 4: Projected long term monthly maximum temperature with uncertainty
bands (ranges) for the Ganga basin - Baseline, RCP8.5 Scenario at specific
global warming levels of SWL1.5, SWL2 and SWL4
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The highest variation between models in the
maximum temperature is for SWL4 reaching close
o
to 2.4 C. (Refer Figure 4)
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Similar trend is also depicted for
minimum temperature for various models
across the SWLs, although the spread across
the models is more than that of maximum
temperature. For minimum temperature, the
o
maximum spread has been found to be 2.6 C for
SWL4. (Refer Figure 5)
In order to depict the uncertainty between
the models in a better way, multi model
range relative to multi model mean has been
computed for different months; for maximum
and minimum temperature under RCP8.5 scenario
for SWL1.5, SWL2 and SWL4. It can be noted that
the order of magnitude of variation between the
models for the minimum temperature is much more
in comparison to the maximum temperature. It may
also be noticed that this range is highly pronounced
during the months of January, February, October,
November and December, thereby implying that
the uncertainty in minimum temperature, is in
general, higher than that of maximum temperature
and at monthly level such uncertainty is much
higher in minimum temperature for the months
of January, February, October, November and
December. (Refer Figure 6)

Figure 5: Projected long term monthly minimum temperature with uncertainty
bands (ranges) for the Ganga basin - Baseline, RCP8.5 Scenario at specific
global warming levels of SWL1.5, SWL2 and SWL4

Precipitation
Similar analysis has been performed to
depict the uncertainty in the precipitation and
is shown in Figure 7, for baseline of RCP 8.5 and
scenarios at specific global warming levels of
SWL1.5, SWL2 and SWL4 for the different selected
models. It may be noted that the long-term
mean monthly precipitation for all the models

Figure 6: Multi model range relative to multi model mean for long term monthly
temperature

Policy Brief

7

High-End Climate Change for Specific Warming Levels
and their Implications in the Ganga River Basin

for baseline scenario is quite similar but for
the IPSL-CMSA-MR_SMHI-RCA4 model. There
has been variation of up to 28 mm, 46 mm
and 91 mm in monthly precipitation under
SWL1.5, SWL2 and SWL4 respectively between
the different models as depicted in the Figure
7. The months of July and August show more
variation in the monthly precipitation across
the models.

Figure 7: Projected long term monthly precipitation with uncertainty bands
(ranges) for the Ganga basin - Baseline, RCP8.5 Scenario at specific global
warming levels of SWL1.5, SWL2 and SWL4

The uncertainty across the models for
precipitation has also been worked out by
computing the multi model range relative to
multi model mean for different months under
baseline, RCP8.5 scenarios for SWL1.5, SWL2 and
SWL4. It can be noted that the order of magnitude
of variation in the projected precipitation is the
maximum for SWL4. (Refer Figure 8)
It may also be noticed that the variation is
maximum for the non-monsoon months when the
magnitude of precipitation is very small. However,
for the monsoon months also this variation can be
a significant amount of precipitation and may range
from 20% to 43% for SWL4 scenario and from 10%
to 12% for SWL2 scenario. All these uncertainties in
the inputs are potential sources of uncertainties in the
impact assessment.

Implication to Water Balance Components

Figure 8: Multi model range relative to multi model mean for
long term monthly precipitation
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The impacts of climate change have been
quantified on the water resources of the Ganga
Basin using the hydrological simulation. The wellknown distributed hydrological model SWAT has
been deployed for the purpose.
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The hydrological model has been run with
11 high resolution RCM models, and for 3 SWLs
(1.50C, 20C and 40C) for RCP scenarios 8.5 (bias
corrected), thus taking the number of hydrological
model simulations, including the baseline, to 44
for the Ganga basin.
Two important water balance components i.e.,
water yield and evapotranspiration have been used
to quantify the change in these components under
RCP8.5 scenario for SWL1.5, SWL2 and SWL4
scenarios with respect to the baseline scenario for
each of the 11 identified models of RCP 8.5. It may
be seen from the figure that there is a considerable
variation in the water yield (Refer Figure 9) and
evapotranspiration (Refer Figure 10) between the
models. There are some models that are showing
general increase in the water yield under SWL1.5
scenario whereas there are some other models
that are showing considerable decrease under the
same scenario. The REMO2009 and SMHI-RCA4
RCM models with MPI GCM forcing show dry bias
and CCAM 1391 shows wet bias under Access and
CCSM4 GCM forcing. However, for SWL4 scenario
most of the models are showing significant
increase in water yield except REMO2009 and
SMHI-RCA4 RCM models with MPI GCM forcing.
With respect to the evapotranspiration, most
of the models depict marginal to no change
under SWL1.5 and SWL2, however under SWL4
reduction in evapotranspiration is projected.
The outcome on the evapotranspiration is quite
complex since there are so many factors such as
temporal distribution of precipitation, CO2 level,

Figure 9: Projected change in annual stream flow

Figure 10: Projected change in annual evapotranspiration
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Figure 11: Projected long term annual precipitation, stream flow and evapotranspiration for different models for
the Ganga basin - Baseline, RCP8.5 Scenario for SWL1.5, SWL2 and SWL4
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temperature, wind velocity, landuse etc., that
affect the evapotranspiration. The long-term
values for precipitation, stream flow and
evapotranspiration for the entire Ganga basin for
each of the 11 Cordex models are shown. (Refer
Figure 11)
Baseline results also depict the WATCH
reanalysis precipitation data as well as model
results for streamflow and evapotranspiration
using this WATCH reanalysis data, to compare
the performance of baseline scenario of various
models in reproducing the current conditions.
It can be seen from the figure that simulated
evapotranspiration is higher by 30 to 40 mm in
all 11 models. All models except IPSL-CM5A-MR_
SMHI-RCA4 replicate the current precipitation
reasonably well. Uncertainty increases towards
SWL2 and SWL4, especially in MPI-M-MPI-ESMLR_MPI-CSC-REMO2009, MPI-M-MPI-ESM-LR_
SMHI-RCA4 and NOAA-GFDL-GFDL-ESM2M_
SMHI-RCA4 models.

assessment of drought severity by indicating
relative dryness or wetness affecting water
sensitive economies. Weekly information has
been derived using daily SWAT outputs which in
turn have been used for subsequent analysis of
drought severity. Higher water stress conditions
may call for additional irrigation water supplies
for agriculture.
Most of the models show decrease in drought
conditions under SWL4 except for MPI-M-MPIESM-LR_MPI-CSC-REMO2009 and MPI-M-MPIESM-LR_SMHI-RCA4 models. Similar variations
are seen under SWL1.5 and SWL2 wherein two
models show increase in drought events while rest
of the models show decrease in drought events.

Change in Extremes
The outputs from the hydrological model
have been used to assess the impact of the
climate change on the Ganga river sub-basins in
terms of occurrence of droughts and floods. The
precipitation, runoff and actual evapotranspiration
have been selected from the available model
outputs to analyse the impacts in terms of
droughts and floods.

Drought Analysis
Drought indices are widely used for the

Figure 12: Projected change in extreme weather event - Drought
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Figure 13: Projected change in Peak discharge leading to floods
However, situation is likely to become better for
SWL4 scenario for most of the models. However,
it has also been seen that the uncertainty in
some of the models is much under SWL4 scenario.
(Refer Figure 12)

Peak Discharge Analysis

various sub-basins of Gnaga.
There is a good agreement between the models
on the magnitude of peak discharge for all specific
warming levels.

Comparison of model response to flood
Projected change in peak stream flow floods conditions for the Ganga basin has also been
has been carried out using the daily outflow shown as box plots in figure 14. It may be noticed
discharge taken for each sub-basin from the that performance of some of the models is quite
SWAT output. These discharges have been similar under SWL1.5, SEL2 and SWL4, whereas
analysed with respect to the maximum annual some other models show higher level of uncertainty
peaks and presented spatially in Figure 13 for under SWL4 scenario. (Refer Figure 14)
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Figure 14: Boxplot of Projected change in Peak discharge

Seeking Sustainable Adaptation Options
Having made the detailed analysis, the next
question that needs to be addressed is that
how this information can feed into the policy
formulation so as to help the policymakers in
making choices that can be useful for the society.
Adaptation to climate change is a response that
seeks to reduce the vulnerability of natural
and human systems to climate change effects.
However, arriving at adaptation options that
are sustainable is a very involving and complex
process because of the interaction of many biophysical and socio-economic aspects that decides
the outcome and effectiveness of such options.

Although, water is at the core of these issues yet
agriculture, forest, health, environment, climate,
social, and economic issues need to be considered
to assess the vulnerability of an area under the
climate change conditions. Therefore, integration
is the key to success and creation of information
infrastructure is the major requirement.

Information Framework
Creation of infrastructure framework that
shall be able to encapsulate majority of the
issues described above and which shall act as a
facilitator to provide a framework for integration,
planning, monitoring and assessment. A typical
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framework should revolve around water sector
by incorporating the Integrated Water Resources
Management Cycle and should include the
following methodologies which can be operated
in conjunction with support tools. Formulation,
implementation and maintenance of such a
framework is truly in the realm of research and
must be taken up at the earliest at the state level.
Some of the components and functionalities of
such a framework are:
l
Hydrological assessment of all water uses
and users within a catchment including
surface water groundwater interaction
l
Catchment Stress Assessment to determine
as to what extent the catchment is not
meeting water demands and aquatic
ecosystem requirements
l
Strategic Environmental Assessment to
identify the economic returns and
employment opportunities that arise or
potentially could arise from water use in the
catchment
l
Methodologies for contextual analysis
(forest and water narratives, beliefs
underlying policy)
l
Web and GIS based dissemination tools,
incorporating Blue and Green water

14
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integrating methodologies
l

l

l

l

An ‘Allocation Equity Guide’, providing
guidelines
to
support
stakeholder
negotiations
Environment
impact
assessment
methodologies, primarily in relation to
biodiversity and water quality
Poverty reduction impact assessment
methodologies, addressing the questions:
who are the winners and losers of these
policies? Will the outcomes of the policy
instruments benefit key poor and vulnerable
groups?
Monitoring and evaluation. The impact
assessment methodologies outlined above
will also provide the basis for monitoring and
evaluating the socio-economic, poverty
and water resource outcomes of manmade
interventions.

Such a framework should be able to effect
convergence of scales to encompass the
interventions being made at various levels. The
effective adaptation measures to climate change
impacts shall only be possible through reliable
simulation of the future conditions which such a
common framework offers.

High-End Climate Change for Specific Warming Levels
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Adaptation Efforts and Policy Guidelines for
Bangladesh
Introduction
Industrialization, population growth and depletion of natural resources as a result of development are
threatening our ecosystem over the globe. Climate change is the result of these developmental activities.
Climate change impacts every aspect of our life – food security, supply of fishes, forest and all natural
system. Climate change is now considered as one of the most burning global issues of our planet (El Sioufi,
2010). The US National Academy of Sciences, in a review (NAS, 2010) concludes that “the Earth system
is warming and that much of this warming is very likely due to human activities” and mentioned it as a
“settled fact”. More new studies confirmed higher levels of GHG emissions for the last decade (Peters et
al., 2011). The researches at the global and regional levels demonstrated higher impacts of climate change
on key production systems, natural resources and communities (Ravindranth et al., 2012). The IPCC has
projected a global average temperature rise of between 3.5°C and 6°C relative to pre-industrial times, under
a high emissions scenario by the end of 21st century (IPCC, 2013). Approximately 1°C of global warming
has already occurred. All these new and ongoing studies, observations and models suggest more threats
from climate change and thought to happen much earlier and severer than it was thought to be.
Climate change imbalances a country and its natural eco-systems i.e. forests, river basins, sea level and
socio-economic systems through agriculture, fisheries, irrigation and power projects. Such changes come
through the changing temperature patterns, rising sea-levels, and the intensification of natural disasters,
affecting livelihood systems concerned with agriculture, water resources and sanitation, forests and
biodiversity. It is well accepted fact that the poorest are the mostly affected and are the least able to adapt
(Parry et al., 2007; Black et al., 2011). This is due to their direct reliance on natural resources and their
livelihoods. A developing country like Bangladesh is to suffer more for severe vulnerability to its natural
as well as socio-economic system due to disruption of livelihoods as a result of climate change. Victims
are supposed to be the poor of the country, as the country is not developed enough in all respects. Patnaik
and Narayanan (2005) focused that socio-economic systems “typically are more vulnerable in developing
countries where economic and institutional circumstances are less favorable”.
Bangladesh is not an exception and is one of the most vulnerable countries to climate change. Due to
physiographical location, this country is going to be the worst hit place on the planet from extreme climate
events such as droughts, floods, heavy rainfall, tropical cyclones and storm surges (Rawlani & Sovacool,
2011). There is growing evidence and feeling that Bangladesh is already undergoing the effects of climate
change (Rahman et al., 2009). As per climatic predictions, climate change is very likely to affect the
hydrology in the region (Gain et al., 2011; Ghosh and Dutta, 2011) and as the country embraces the
confluence of the Ganges-Brahmaputra-Meghna (GBM) basin, so increase in flood hazards is also very
likely to occur (Olsen et al., 2015). The impacts of climate change are already evident worldwide, but the
extent depends mostly on development factors like poverty, social stratification, political perplexity, etc.
(Ayers et al., 2014). We are feeling, touching and tasting climate changes and are to taste them further in
future with the rising specific warming level like 2°C and above. Average temperature has risen by around
1ºC over the last century. We are seeing less cold winters and hotter summers, rising of sea levels in the
coast by around 3 mm a year and feeling the changing rainfall patterns. The frequency of heavy rainfall,
flooding and lightening over the several parts of Bangladesh is on increase and can be due to extreme
climatic conditions. Bangladesh is a poster child of the potential impact of climate change.

Those changes are already affecting the agriculture sector of Bangladesh by flooding, drought and wind
storm. Food production and food security are most vulnerable to rising air temperatures (Wassmann, et al.,
2009a). In terms of risks of increasing heat stress, current temperatures are already approaching critical
levels during the susceptible stages of the rice plant in Bangladesh in March-June (Wassmann, et al.,
2009a). Sea water inundation has become a major problem for traditional agriculture in Bangladesh (Ensor
& Berger, 2009). The vulnerability to tropical cyclones in Bangladesh is also significant (Ali, 1999) and
this vulnerability would increase due to climate change (Dasgupta, et al., 2010) (Karim & Mimura, 2008).
This impact will be more with addition of sea level rise. It is predicted that 27 million people will be at risk
for sea level rise by 2050 and this is more than double since 2008 (Wheeler, 2011).Future climate change
is not certain. No doubt this country will face increased temperature and the changes in temperature are not
same at the periods of 2030, 2050 and 2080 etc. As this climate change will continue, so the levels of
impacts and exposure of vulnerabilities would be different.
The frequency of heavy rainfall, flooding and lightening over the several parts of Bangladesh is on increase
and can be due to extreme climatic conditions. Bangladesh is a poster child for the potential impact of
climate change. It is a least developed country, recognized by the UNFCCC as one of the most vulnerable
countries to climate change impacts. Among other things, cyclones, floods and saltwater inundation already
threaten the livelihoods of some of the world’s poorest people. 79% of Bangladeshis live in rural areas, yet
the country has one of the world’s highest population densities 1015 people/km2 as per Population and
Housing Census 2011 (BBS, 2011). The increased intensity and frequency of hazards under future climate
change scenarios is a major challenge for development, and a significant barrier to its vision of eliminating
poverty and becoming a middle-income country by 2021.

Helix – High-end Climate Impacts and Extremes
Climate change impacts need to predict for design plans and programs to adapt for future conditions. The
climate change impact systems must be modeled and simulated. For that we need to venture into the future
climatic world equipped with the best scientific tools, techniques and knowledge to ascertain the changed
climate evidence of the warming world and take risk-based decision approaches to meet and decide how to
respond. Helix – High-end Climate Impacts and Extremes is a world-class independent research project
funded by the European Union’s Seventh Framework Programme for research, technological development
and demonstration under the grant agreement no 603864 to model and simulate future specific warming
levels and their impacts upon the natural and social system of Bangladesh. Bangladesh University of
Engineering and Technology (BUET) is one of the 16 international partners carrying out future climate
change research considering regional contexts of Bangladesh climate for mentioned specific warming level
of climate under the Helix project. This kind of methodological research for Bangladesh is almost first to
carry out for the country. Helix is to assist decision-makers and the research community in making
adaptation to the changing climate more understandable and manageable by providing a set of credible,
coherent, global and regional views of different worlds at specific levels of global warming of 1.5°C, 2°C,
4°C and 6°C relative to pre-industrial.
Bangladesh is highly proactive in challenging the climate change together with the global community and
joined the 195 countries and signed the historic Paris Agreement COP21 in December 2015. Bangladesh
strongly supports the implementation of the Paris Agreement on climate change and believes that “Holding
the increase in the global average temperature to well below 2°C above pre-industrial levels and to pursue
efforts to limit the temperature increase to 1.5°C” will require the right policies, and evidences on how they
are working. The UN Sustainability Development Goals and the Bangladesh Government’s full supports
and efforts to fully comply with these global initiatives and commitments are to only benefit the climate
efforts in Bangladesh bringing wellbeing and equality of the society and the environment. It is essential to
predict climate change impacts to design, plans and programs to adapt for future changes to increase
resilience and reduce climatic risk as much as possible.

Climate Change Projections for Bangladesh by Helix and Impacts
The Helix Climate Projections for Bangladesh are projections of future changes to the climate in
Bangladesh to the end of this century. These are based on the strongest climate science to date. The
projections are intended to give government and other organizations evidence to help them take informed,
cost-effective and timely decisions to prepare for the changing climate. They are created to be used by
people working in all sorts of organizations in Bangladesh and the information is to be provided in IWFM
Webpage.
Temperature and Precipitation

Eleven Regional Climate Models show that the average Bangladesh summer temperature is likely to rise
from 3.24°C to 5.77°C by the 2080s (Fahad et al., 2017). Though there is uncertainty but no doubt
temperature will increase at future and greater warming is expected in Bangladesh. The south-west and the
south-central part of Bangladesh are projected to experience a greater temperature rise in future and a 12%
increase of mean rainfall. Possible changes in rainfall are also exhibited both temporally and spatially.
Bangladesh is projected to face an increase of up to ~12% in precipitation during 2020s, 20% in
precipitation by 2050s and up to 25% during 2080s. Brahmanbaria, Dinajpur, Nilphamari and Rangpur
districts are projected be subject to increased precipitation during the 2020s and 2050s. Six districts in the
northern region will likely face increased rainfall up to 25% during 2080s. But rainfall will decrease by up
to 8.22% over the south west (SW) of Bangladesh (Fahad et al., 2017).
Sea Level Rise

Projected sea-level rise and inundation patterns are projected considering existing polders with an average
height of 4.53 m above mean sea level. Under the high-end climate scenarios RCP 8.5, the mean sea level
estimate for Bangladesh coast is to rise will be varying from 0.50 m to 1.00 m and extreme cases (by
considering subsidence and rapid collapse of Antarctica ice sheets) up to 1.50 m where % of inundation of
coastal area is to be 4.3%, 8.4% and 11.30% respectively (Tazkia et al., 2017). Expected inundations of the
Sundarbans for sea levels rises 12% for rise of 0.50 m, 43% for rise 1.00 m and 60% for rise of 1.50 m
(Tazkia et al., 2017). It is not possible to align particular magnitudes of sea level rise with specific levels
of global warming, since the full response of sea level to warming is much slower, on the order of centuries.
Extreme Events - Floods

Extreme weather events are likely to become more common as our climate changes. Both high flows and
low flows for the Brahmaputra, the Ganges and the Meghna are projected to increase. Changes in % for
variation of high flows and low flows for the Brahmaputra are projected to be 4% and 3% for 1.50C, 5%
and 10% for 20C and 22% and 22% for 40C (Mohammed et al., 2017). Frequencies and intensities of
extreme floods are to increase leading to generation of high water level, inundation and flooding all over
the country especially at few hot spots and pockets of the country. Flash flood or early monsoon floods
might increase in haor areas and in some border areas due to heavy non-time occurrence of rainfall.
Monsoon however is to be wetter and floods generating. However, we must also continue to be prepared
for both hot summer and cold winter for natural variability in Bangladesh weather.
Agriculture

The yield trends of Bangladesh in terms of Boro and Aman are projected to gradually decrease from 2 to
15% at specific warming level of 1.50C, 5 to 20% at specific warming level of 20C and 5 to 25% at specific
warming level of 40C. This impact is more on Boro crop than Aman crop (Hasan et al., 2017). The districts
of Sylhet, Sunamganj, Moulvibazar and Hobiganj are to experience crop loss of 2% at specific warming
level of 1.50C, 2% at specific warming level of 20C and 7% at specific warming level of 40C. The Southern
Region of the country is projected to taste loss of crop yield of Boro and Aman rice 8-10% at specific
warming level of 1.50C, 8-10% at specific warming level of 20C and 10-12% at specific warming level of
40C. The southcentral region of coastal zone of Bangladesh is projected to suffer yield loss of Boro and
Aman rice 10-12% at specific warming level of 1.50C, 18-21% at specific warming level of 20C and 2128% at specific warming level of 40C. The northern region of Bangladesh is to suffer yield loss of Boro

and Aman rice 4% at specific warming level of 1.50C, 4% at specific warming level of 20C and 10% at
specific warming level of 40C. The whole country is to suffer in food loss due to specific warming of the
country.
The weather and the effect it has on society vary across the country, the effect of climate change on our
economy, infrastructure, society and environment will vary from place to place. These will depend on how
well we all plan for and adapt to climate changes.

Vulnerability for Coastal Bangladesh
The coastal Bangladesh is one of the hot spots of climatic variability, where already climate change impacts
are being felt by the coastal community comprising mostly of poor layers of the society. An assessment of
vulnerability of coastal Bangladesh due to climate change was carried out by the Helix project considering
future (2050) climatic change (Bala et al., 2017). The concepts of exposure, sensitivity, and adaptive
capacity were used for analysis of both present and future (2050) scenario vulnerability under changed
climate of coastal belt. Composite vulnerability indexes through translation of numerical values
demonstrate severity of future vulnerability of climate change. Severe future vulnerability (2050) of coastal
upazilas due to climate change has been increased by ten folds to 93 coastal upazilas from 9 upazilas.
Coastal Bangladesh is comprised of 140 upzilas. So, almost entire coastal belt would be hugely affected
with high vulnerability. Similarly, the number of moderate and low vulnerable coastal upazilas has been
reduced hugely for the future scenario than the present one from 69 (sixty-nine) and 62 (sixty-two) upazilas
to 26 (twenty-six) and 21 (twenty-one) upazilas respectively. Future vulnerability for 2050 has been shown
in Figure 1.

Figure 1: Coastal Vulnerability Index for Future Scenario for Coastal Bangladesh.

Adaptation Options for Specific Warming Levels
The United Nations Framework Convention on Climate Change (UNFCCC) defines adaptation as
“adjustment in natural or human systems in response to actual or expected climatic stimuli or their effects,
which moderates harm or exploits beneficial opportunities. Various types of adaptation can be
distinguished, including anticipatory and reactive adaptation, private and public adaptation, and
autonomous and planned adaptation” (IPCC, 2014). Adaptation is an important tool necessary for enhance
resilience to get ready communities, regions, countries and societies for meeting up the consequences of
climate change. Adaptation is very much related with climate change bearing a characteristic of rapidly
growing science embarking almost all sectors and socio-economic set ups.
The concept of adaptation has been gradually developed under the umbrella of the UNFCCC and its
importance was ascertained in the Bali Action Plan in 2008. At COP15 Copenhagen in 2009, it was agreed
upon that “enhanced action and international cooperation on adaptation is urgently required to ensure the

implementation of the Convention by enabling and supporting the implementation of adaptation actions
aimed at reducing vulnerability and building resilience in developing countries, especially in those that are
particularly vulnerable, especially least developed countries, small island developing States and Africa”
(UNFCC, 2009).

The need for adaptation
Bangladesh is the most populated country in the world and one of the poor in the third world. The poor are
the most vulnerable exposed to the climate change. The country is economically growing rapidly being and
economic, social and ecological cost due to climate change is to be huge. As evident from previous write
up, the country is set to undergo severe climate change impacts, which are to halt the developmental
progress as well as enormous sufferings and loss.
So, adaptation is crucial for survival of the country. The country also needs to keep up with the global
community and its negotiations, strategies promoting adaptation to the projected effects of climate change
as per Helix findings with specific warming levels. Adaptations become more complex when warming up
of globe is to surpass 1.5°C, 2°C and 4°C bringing unimaginable consequences for the world and
Bangladesh, where adaptation is the main option to take up.
The development of proper and adequate adaptation strategies in time and save and protect them from the
effects of climate change is of utmost importance. Bangladesh bears growth-centric development strategies
and climate change issues also have followed a growth-centric pattern. The Bangladesh government has
been actively working toward reducing GHG emissions and developing adaptive capacity, with adequate
policies and programmes. Adaptation needs to be exemplified by more innovative strategies, incorporating
climate change into all existing and future developmental programmes of the country whilst also continuing
separate policies on low carbon energy and adaptation. Here priority is to be given upon the poor and
vulnerable sectors keeping in mind the income generating livelihoods and employment for poor, promoting
infrastructure growth; generating environmental services; conserving natural resources; and reducing
vulnerability to climate risks.
Future climatic world needs to ascertain changed climate evidence due to global warming over the 21st
century. Helix is to assist decision-makers and research community in making adaptation to the changing
climate more understandable and manageable by providing a set of credible, coherent, global and regional
views of different worlds at 1.5°C, 2°C, 4°C and 6°C. They are to be used by people working in all sorts of
organizations in Bangladesh. Future climatic world needs to ascertain changed climate evidence due to
specific warming level of 1.5°C, 2°C, 4°C and 6°C for the 21st century.
Here some adaptation options are proposed in line with specific warming level of future Bangladesh
corresponding to 1.5°C, 2°C and 4°C and sea level rises of 0.5m, 1m and 1.5m. It is extremely difficult to
foresee adaptation approaches for such specific warming levels for different sectors. Adaptation options are
to be changed gradually before onset of slow warming up of specific level. Adaptation activities to be
necessary for different specific warming levels are describes in Table 1 to Table 5.

Table 1: Adaptation Options for Inundation due to Sea Level Rise (SLR).
Impact (Tazkia et al., 2017)
Inundation

0.5 m SLR

1.0 m SLR

1.5 m SLR

Inundated coastal area except
polder protected (km2)
% of coastal area
Affected Population, million
(based on based on current
population)
Adaptation

2000

3930

5300

4.3%
2.5

8.4%
6.0

11.3%
8.0

For inundation of coastal
area and population

Intensive monitoring &
evaluation, Operation &
maintenance of coastal polders;
Risk Transfer (Insurance), Land
Use Planning Anew,
Vulnerability Zoning,
Introduction of salt tolerant
variety; Integrated agriculture
aquaculture (IAA-crop-fisheryaquaculture).

Enhanced monitoring &
evaluation, Operation &
maintenance of coastal polders;
Relocate, Retreat, Enhanced &
Flexible Risk Transfer
(Insurance) policy, Intensive
Floating Agriculture,
Alternative Livelihoods;
Intensive integrated agriculture
aquaculture (IAA-crop-fisheryaquaculture), Adoption of new
techs and critical knowledge.

Relocate, Retreat, Enhanced &
Flexible New Insurance policy,
enhanced Floating Agriculture,
Alternative Livelihoods via
integrated agriculture aquaculture
(IAA-crop-fishery-aquaculture),
Adoption of new techs and
critical knowledge.

Table 2: Adaptations Options for the Sundarbans.
Impacts (Tazkia et al., 2017)
Inundation

0.5 m SLR

1.0 m SLR

1.5 m SLR

Inundated coastal area
except polder protected
(km2)
% of coastal area
Affected Population,
million (based on current
population)
Adaptation
For inundation of coastal
area and population

2000

3930

5300

4.3%
2.5

8.4%
6.0

11.3%
8.0

Intensive monitoring &
evaluation, Operation &
maintenance of coastal polders;
Risk Transfer (Insurance), Land
Use Planning Anew,
Vulnerability Zoning,
Introduction of salt tolerant
variety; Integrated agriculture
aquaculture (IAA-crop-fisheryaquaculture).

Enhanced monitoring &
evaluation, Operation &
maintenance of coastal polders;
Relocate, Retreat, Enhanced &
Flexible Risk Transfer
(Insurance) policy, Intensive
Floating Agriculture,
Alternative Livelihoods;
Intensive integrated agriculture
aquaculture (IAA-crop-fisheryaquaculture), Adoption of new
techs and critical knowledge.

Relocate, Retreat, Enhanced &
Flexible New Insurance policy,
enhanced Floating Agriculture,
Alternative Livelihoods via
integrated agriculture aquaculture
(IAA-crop-fishery-aquaculture),
Adoption of new techs and
critical knowledge.

Table 3: Adaptation Options for Storm Surges.
Impacts (Rahman et al., 2017)
Inundation

Cyclone
name

Only
cyclone

Cyclone & 0.5 m SLR

Cyclone & 1.0 m
SLR

Cyclone &1.5 m

Inundated coastal
area except polder
protected (km2)
Affected population,
(million)

SIDR

1484

3380

5777

7588

AILA

1999

4226

6216

7497

SIDR
AILA

1.90
2.3

4.1
5.1

7.0
7.5

9.10
9.0

Adaptation

Enhanced monitoring & evaluation,
operation & maintenance of coastal
polders; construction of new polders,
new cyclone shelters, risk transfer
through insurance. Afforestation and
CBA; vulnerability zoning as per new
risks zones, construction of earthen
mounds, etc.

Research based simulation of future climate
change and impacts, migration and relocation,
increased polder heights, migration and
relocations of human as well as habitats.

Table 4: Adaptation Options for Agriculture for SWLs.
Regional Impact (Hasan
Crop loss for 1.50C
Crop loss for 20C
et al., 2017)
The districts of Sylhet,
2%
2%
Sunamganj, Moulvibazar
and Hobiganj
Short-term flood tolerant crop varieties, increased submersible
Adaptation
embankment height, diversified agriculture, hard and soft approaches,
built up earthen high spots in haor areas for cutting paddy, Improved
flash flood warning & dissemination, community based adaptation,
livelihood diversifications, dredging of haors and drainage networks.
Changing of sowing time, technology like rubber dam construction,
floating agriculture, introduction of tower type agriculture, community
based fishery, participatory management of submersible embankments;
intensified monitoring, evaluation, operation and maintenance of
submersible embankments, risk transfer like insurance.
Southern Region
8-12%
8-12%
Adaptation

The coastal zone of south
part of Bangladesh (SC)

Changing cropping pattern like Boro, T. Aman /salt tolerant jute,
Wheat-Mug dal (Pulse) etc., Short duration Boro varieties, Short
duration and salt tolerant crop varieties, low consumptive and short
duration crop varieties, excavation of mini ponds and surface water
harvesting for supplemental irrigation, selection of suitable date for rice
transplantation. Risk transfer like insurance, introduction of salt tolerant
crop like jute, sunflower, etc.
10 – 12%
18-21%

Crop loss for 40C
7%

More focus on technological
solution like more rubber dam,
new technology introduction, up
to date flash flood warning and
dissemination, use of effective
agricultural inputs, Insurance
and other tools for risk transfer

10-12%
More focus on technological
solution,
new
technology
introduction, use of effective
agricultural inputs, Insurance
and other tools for risk transfer

21-28%

Adaptation

Northern region
Adaptation

Flood resilient crop storage, food coastal vulnerability zoning, planning and rehabilitation &
preservation, homestead gardening, salt relocation, plantation of local saline resistant seeds and species,
and flood tolerant crop varieties with bolstering existing livelihood patterns, global funding,
short duration, changing cropping migration, relocation, coastal action plan and, enhanced
pattern, raising of homesteads, coastal insurance and other tools for risk transfer, aquaculture, salt
vulnerability
zoning,
diversified tolerant crop varieties, etc.
livelihoods, conservation of coastal biodiversities, insurance and other tools for
risk transfer, aquaculture, integrated
agriculture and aquaculture etc.
4%
7%
More than 7% but not specific
Changing cropping pattern like Boro-T. Aman, Chilli-T. Aman, Maize More focus on technological
T. Aman etc., Short duration and cold tolerant Boro rice varieties, solution,
new
technology
Submerged tolerant rice varieties during Kharif season, Drought introduction, use of effective
tolerant rice varieties during Kharif, Short duration pulse varieties- agricultural inputs, Insurance
BARI Mug-6, Cultivation of wheat for water use efficiency, selection and other tools for risk transfer.
of suitable date for rice transplantation. Risk transfer like insurance.

Table 5: Adaptation Options for Flood for SWLs.
Impact
(Moha
mmed
et al.,
2017)

Change in % for 1.50C
High Flow High Flow
Magnitude Duration

Change in % for 20C

Change in % for 40C

Brahmaput 4
ra River

26

Low
Low
High
High
Low
Low
High
Flow
Flow
Flow
Flow
Flow
Flow
Flow
Magnitud Duration Magnitud Duration Magnitud Duration Magnitu
e
e
e
de
3
-8
5
36
10
-16
22

Meghna
River

22

8

9

Adaptation raising dykes, upgrading
drainage, raising floor
house, greening roofs,
floodwater retention like
floodplain restoration and
land use changes,
improved flood
forecasting and warning
system, floodplain
zoning, settlement
relocation

-16

Conservation and
groundwater
recharge, wetland
restoration, Use of
surface water.

12

43

raising dykes,
enhance drainage
network, dredging
of river, increase
floodwater
retention, capacity
enhancement of
flood forecasting

11

-21

Conservation and
groundwater
recharge, wetland
restoration, Use of
surface water.

42

High
Low
Flow
Flow
Duration Magnitu
de
137
22

Low
Flow
Duration

107

-60

32

-50

Conservation and
groundwater
recharge, wetland
restoration, Use of
surface water.

Climate Change Adaptation Efforts in Bangladesh
National policy efforts
Adaptation is the main step to prepare for the potential effects of climate change and will be better protected
against consequences like flooding, cyclone, salt water intrusion, etc. The earlier we plan for adaptation,
the less it will cost and the better equipped we will be to cope with potential changes due to climatic hazards.
Mitigation is to be done by them who are responsible for carbon emissions and to be focused upon some
intended contributions as per UNFCCC norms and settings.
Specific warming level deals with the future and it is to be happened there. We are to go for incorporation
of adaptation into developmental programmes so that it gets embedded in all levels of actions. Adaptation
is to be considered from two viewpoints - adaptation to current and future climate variability. As per Parry
et al., (2008), there are three types of adaptation measures, which might be described as anticipatory
adaptation or proactive adaptation, autonomous adaptation or spontaneous adaptation and planned
adaptation. Bangladesh being a high vulnerable country has been on autonomous adaptation since time
immemorial. Planned adaptation takes place on a medium and long-term basis. It is a policy based decision
based on consensus to maintain or achieve a desired goal and state for a country and globe as a whole.
Planned adaptation to climate change is being implemented at global, regional, national, local level and
through five year plans by various policy programmes and developmental activities on short, medium and
long term basis. To go for adaptation considering specific warming level, medium and long term planning
is necessary.
Haq et al. (2008) grouped policy responses to climate change in Bangladesh into national and international
category. National policy responses were divided into four groups such as vulnerability reduction; disaster
management and climate risk management; mainstreaming climate change into development and national
planning and climate change policies, planning and institutions. International policy response options are
the United Nations Framework Convention on Climate Change (UNFCCC) and climate change activities
in selected donor strategies.
Bangladesh has good number of policy response options concerned to climate change. They indirectly
address the impacts of climate change through specific actions and programmes like poverty alleviation,
employment generation, crop diversification that reduces vulnerability and directly through disaster risk
reductions activities related to climate change and extreme events; and also, targeting climate change by
mainstreaming climate change into sectoral plans and national policies. Bangladesh have and had projects
addressing food insecurity and food production shortfalls by crop diversification and generation of
alternative employment opportunities at community development, agricultural development, credit
facilities, and infrastructure improvement. Social safety nets, fish and shrimp production for domestic
consumption and exports, food for work, gender sensitive job generations, participatory management of
resources employing community, etc. are promoted for rural poverty alleviation and employment
generation. All these developmental programmes and activities play important positive role in enhancing
resilience of the poor at bottom layers of society.
Bangladesh has a Participatory Disaster Management Programme (PDMP) with a focus on disaster
management and prevention, and also adaptation to climate change. This is a ‘soft’ approach to reduce the
impacts of disasters, based on preparedness, like awareness raising to reduce disaster risks and losses, to
strengthening capacity for disaster management; enhance knowledge and skills of in handling disasters;
establishing disaster action plans in the most disaster-prone areas; promoting local level risk reduction
measures; and improving early warning systems (Kelkar et al., 2007).

In 2003 Bangladesh established a Comprehensive Disaster Management Programme (CDMP) refocusing
the government towards greater emphasis on disaster preparedness and risk reduction. CDMP has several
disaster management components, where an integrated approach is taken to climate change and disaster
management. CDMP has three main areas of focus - capacity building of the Ministry of Environment and
the Department of Environment to coordinate and mainstream climate change into their existing activities;
to strengthening existing knowledge and information accessibility on impact prediction and adaptation and
awareness raising, advocacy and coordination to promote climate change adaptation into development
activities.
Department of Environment (DOE) has a ‘climate change cell’ for government capacity building for
coordination and leadership on climate change issues. The cell also coordinates awareness raising,
advocacy and mechanisms to promote climate change adaptation and risk reduction in development
activities, as well as strengthening existing knowledge and information accessibility on impacts and
adaptation to climate change. The climate change cell is assisted CDMP component - Local Disaster Risk
Reduction Facility (LDRRF) and improves coordination at the local level. Thus, both disaster management
and climate risk management (CRM) are fairly met up in Bangladesh. There might an Integrated National
Framework for CRM and DRR proposed by UNDP – a broader understanding of climate change risks and
impacts at all levels, as well as capacity building for assessing risks and analysing them with sectoral and
cross sectoral perspectives and implications (UNDP, 2007).

Climate change policies, planning and institutions
Bangladesh is signatory to the United Nations Framework Convention on Climate Change (UNFCCC). In
1992, the Government of Bangladesh signed the UNFCCCC, and ratified in 1994. The Ministry of
Environment and Forest (MOEF) is responsible for coordinating the UNFCCC process in Bangladesh. The
Ministry of Environment and Forest (MOEF) is responsible for coordinating the UNFCCC process in
Bangladesh.
A National Climate Change Committee, comprised of members from all relevant government and nongovernment organizations, was constituted in 1994 for policy and guidance and to oversee the
implementation of obligations under the UNFCCC process. In addition to the Climate Change Cell, other
government institutions that are relevant for climate change include: an inter-ministerial committee on
climate change, headed by the Minister for Environment and Forests and with representation from relevant
government ministries as well as NGOs and research institutions; and a National Environment Committee
to determine environmental policies chaired by the Prime Minister with representation from MPs as well
as government and civil society. There are also Academic Institutes, and Research Organizations have been
carrying out research studies on impacts, adaptation and vulnerability to climate change, and participated
in a range of national efforts that seek to address climate change directly.
The GoB prepared the National Adaptation Programme of Action (NAPA) in 2005 (MoEF, 2005). NAPA
identified vulnerable areas and fifteen projects as future adaptation strategy. NAPA was updated in 2009
and identified thirty-eight adaptation measures. The NAPA process has been advanced through the adoption
of the Bangladesh Climate Change Strategy and Action Plan (BCCSAP) of 2009 (MoEF, 2009), which
provides the climatic contexts, analysis of socio-economic realities, and outlines policies for promoting the
well-being of vulnerable groups and elaborates a set of programmes based upon broad areas of
interventions. BCCSAP identified forty-five adaptation and mitigation measures based on six pillars: food
security, social security and health; comprehensive disaster management; infrastructure; research and
knowledge management; mitigation and low carbon development and capacity development and
institutional. After approval of NAPA, UNDP received funding from Global Environment Facility (GEF)
to implement the climate projects set out in NAPA.

To gain overview of existing activities and roles in the NAP process, the MoEF, with support of the German
Development Cooperation (i.e. the Gesellschaftfür Internationale Zusammenarbeit, GIZ) and the United
Nations Development Programme (UNDP), conducted a stock-taking and mapping exercise to inform a
National Stakeholder Dialogue on Stocktaking for Bangladesh’s national adaptation plan (NAP) process
on Thursday, 30 March 2017 in Dhaka. Around 80 representatives from government and nongovernment
institutions, including representatives of the academia and civil society attended the one day event.
The GoB, furthermore adopted a legislation called the Climate Change Trust Fund Act in 2010 with the
view to establish the Bangladesh Climate Change Trust Fund (BCCTF) to fund activities to address the
adverse impacts of climate change. The Fund is financed from the national budget of Bangladesh. The GoB
also created Bangladesh Climate Change Resilience Fund (BCCRF), originally called the Multi-Donor
Trust Fund in 2009 to implement the six pillars identified in the BCCSAP. This fund became operational
in 2010. Moreover, Bangladesh is also taking necessary initiatives for accessing the fund from Green
Climate Fund (GCF) and the Economic Relations Division (ERD) of Ministry of Finance is acting as the
National Designated Authority (NDA) of Bangladesh to GCF. NDA has also initiated a process to get
Bangladeshi institutions accredited as National Implementing Entity (NIE) to GCF and identified fourteen
national entities having high potential to be eligible to fulfill the criteria set by the GCF board to gain
accreditation.
The government is nurturing and boosting public-private partnership (PPP) strategy aiming to enhance
sustainable environment as an investment sector. Bangladesh Green Development Plan (GDP) aims to
develop new programmes in environment, energy and climate change that address the climate change
adaptation and mitigation needs of the poor. It focuses on demand-side energy management by providing
access to low-carbon fuels and energy and it should also create green jobs with a strong focus on improving
management of natural environment, biodiversity and ecosystems. The government has expressed interest
in using REDD+ (reducing emission from deforestation and forest degradation) as a strategy to fulfill some
of these objectives, and the UN has produced a document investigating the readiness of the country to
participate.
The recently developed Disaster Management Act, adopted in 2012 recognized the impacts of climate
change and provided guidance for setting up an institutional mechanism for disaster management reducing
vulnerabilities, rehabilitation, and providing humanitarian assistance to the victims of both disasters and
climate change impacts. In addition to these plans, strategies, and legislations, the Renewable Energy Policy
2008, the Energy Efficiency and Conservation Master Plan (EE&CC Master Plan), the Road Map of
National Adaptation Plans (NAPs), the National Sustainable Development Strategy, the Perspective Plan
(Vision 2021) and the Seventh Five Year Plan (FY2016 – FY2020), the National Disaster Management
Plan provided some guidance for mitigation and adaption measures needed for Bangladesh.
The GoB developed the Intended Nationally Determined Contributions (INDC), and submitted to UNFCCC
well before adoption of the Paris Agreement. The GoB developed the INDC of Bangladesh with a view to
take necessary mitigation actions to reduce its growing emissions of GHGs and to play its role in global
efforts to limit temperature rise to 2°C or preferably 1.5°C above pre-industrial levels agreed in Paris
Agreement. The INDC of Bangladesh takes both unconditional and conditional emissions reduction goals
for the power, transport, and industry sectors, alongside further mitigation actions in some other sectors,
which Bangladesh intends to carry out with subject to required technical and financial supports. The INDC
of Bangladesh also outlined the adaptation goals and measures through identification of existing measures
already taken and also for future needs including the long-term vision for adaptation, drawing synergies
with mitigation measures. It also provides a qualitative description on support needs for taking actions for
mitigation and adaptation efforts. Now, the challenge for GoB is to implement INDC, in accordance with
the Paris Agreement through enacting new legal and policy frameworks or/and amending existing
frameworks. However, in order to amend the existing legislations and policies, and/or adopt new policies

and legislations, it is important to examine the scope, gaps and constrains of existing provisions. The
Country Investment Plan (CIP) and the Delta Plan 2100 are good national policy documents for addressing
environment, forestry and climate change. The Seventh Five Year Plan (FY2016-FY2020) has dedicated
chapter 8 on sustainable development: environment and climate change, where sections 8.5.1, 8.5.2 and
8.5.3 are very well elucidated upon climate change adaptation, resilience and mitigation activities during
the fiscal period. The Plan’s objective is to promote sustainable environment management systems for
mitigation and adaptation through active participation of women and the poorest members of society.
Numerous policies and plans exist that directly relate to climate change or which refer to related
environmental topics and issues. A new Environmental Policy (updating the previous 1992 version) was
put out for public consultation in 2013 and has been released in draft form. A National Action Plan for
Short Lived Climate Pollutants was published in January 2014. This plan, focusing on black carbon,
methane, ozone and some hydro-fluorocarbons identifies the Climate Change Trust Fund as a potential
funding source for initiatives to reduce these pollutants. Also in 2014, a Climate Fiscal Framework was
published by the Ministry of Finance to help identify the supply and demand sides of climate fiscal funds
and to ensure that they are sustainable and transparent in the long-term.
In 2013, realizing the need for coordinated efforts on gender issues and to mainstream gender issues in
development initiatives to increase resilience, the government has facilitated preparation of the Bangladesh
Climate Change and Gender Action Plan, (MoEF, 2013). The ccGAP integrates gender considerations into
four of the six main pillars as identified in the BCCSAP: (i) food security, social protection and health; (ii)
comprehensive disaster management; (iii) infrastructure and (iv) mitigation and low carbon development.
The government’s Vision 2021 document, which sets out to eliminate poverty and make Bangladesh a
middle-income country by 2021, is a key adaptation planning document for the country. Vision 2021 has
social, economic and environmental dimensions and it declares that all efforts will be made to protect
Bangladesh from the adverse effects of climate change. It aims to reduce air pollution from industry and
transportation, and improve waste management; to improve the state of the natural environment by
conserving forests and water bodies and preventing river erosion. In order to achieve the goals of Vision
2021, the ‘Outline Perspective Plan (OPP) of Bangladesh 2010-2021: Making Vision 2021 A Reality’
includes a dedicated chapter on the environment where the vulnerabilities, responses and climate change
management strategies are analysed. The plan emphasises climate change adaptation through the active
participation of local communities and the private sector, rather than a top-down strategy.

Mainstreaming climate change into development and national planning
Mainstreaming in the context of climate change is the incorporation of climate change considerations into
established or on-going development programs, policies or management strategies, in addition to
implementing adaptation initiatives separately. In order for climate change adaptation to be sustainable and
applicable on a wide scale to enable the people, especially the poor, to cope with the possible risks of
climate, it must be incorporated, integrated or “mainstreamed” into the policy apparatus of governments
(FAO, 2009).
The Bangladesh government is integrating climate change into sectoral plans and national policies.
Infrastructure development is being planned, designed and implemented considering climate change
impacts. Climate Smart Agriculture is a global slogan now and Bangladesh is also adopting new technology
inventing salt tolerant, water submergence tolerant crop verities to cope with climate change impacts.
Research programs are being taken in light of climate change information. Bangladesh’s interim poverty
reduction strategy paper (I-PSRP) recognizes the direct link between poverty and vulnerability to natural
hazards, and notes that the incidence of disasters is likely to increase rather than decrease as a result of
global warming. In November 2007, the Government announced an initiative to formally incorporate the
impacts of climate change into all development plans including PSRP revisions. Many of the NWP and

NWMP priorities are synergistic with climate change adaptation, such as the recommendation in the NWP
for early warming and flood proofing systems. It is fact that in many other policies, including the National
Environmental Management Plan (NEMAP), the National Land Use Policy, and the National Forest Policy,
do not make specific reference to climate change.
The UNFCCC in its documentation defined adaptation into the planning process. It consists of four key
components: assessment of climate impacts and vulnerability; planning for adaptation; implementation of
adaptation measures; and monitoring and evaluation of adaptation actions. The four components might be
good guidelines for mainstreaming climate change in national context. Each component needs to be
elaborated in Bangladesh context and mainstream climate change step by step.

Policy Guidelines for Smart Climate in Bangladesh
Bangladesh is a disaster-prone country and its people have survived through meeting challenges like floodsriverine and coastal, cyclones, river erosion, water logging, droughts, cholera, diarrhea, malnutrition, saline
intrusion etc. Floods are every year’s event in our life. Autonomous adaptation is our natural characteristic.
Like deeply flooded rice, our people adapt and continue to live with natural disasters defying all odds and
events. In course of time, the country has bagged in her pocket a lot of policies and legislations to protect
her people from severe floods, cyclones and all other disasters which are on increase in time. The country
also has earned a good reputation and image before the international community through effective
management of disasters. Still through a review of number of policy documents especially climate
concerned, it comes to realization that we need much more to do in mainstreaming them in terms of smart
climate for the country.
There have been major improvements in Bangladesh response to climate change adaptation. Still a
substantial adaptation deficit exists under the current climate. We need deeper understanding of risk and
vulnerability on climate change for future climatic world of Bangladesh.
We are to go for managing the climate for specific warming levels. It could be for Short Term for a period
of 10 years, Medium Term for a period up to 2050 and Long Term up to 2080 and needs to be understood
gradually in course of time. End goal is sustainable, resilient and transformed Bangladesh, where we need
additional policy documents, strategies and action plans to mainstream adaptation to combat Climate
Change.
Green Bangladesh is to be made Greener with Green Philosophy – Green Design, Green Approach, Green
Technology, Green/Eco Dish or “Ecotarian Plate”, etc. and Carbon Sinking through Afforestation and Soil
Treatment.
Bangladesh has no data on the real costs of adaptive measures and needs to take into consideration the
existence of appropriate institutions, availability of resources and access to technology.
Adaptation strategies and priorities are needed to be identified for each five-year plan. Climate change is
to hamper daily livelihoods of millions of poor especially farmers through increased temperature. So,
improvement of food grain productivity potential and water use efficiency of agricultural crops, is a priority
for achieving food security. Furthermore, the plan needs to make space for adaptation responses to be
incorporated in relevant programmes, including those relating to watershed management, coastal zone
planning and regulation, forestry management, agricultural technologies and practices, and health.
In line with developing adaptation strategies, there needs to be a strong focus on implementing the
adaptation strategies through climate mainstreaming of developmental activities. Developmental
programmes are to be structured so to address the vulnerable populations.

The existing gap in adaptation funding is huge. This gap should be reduced by taking proper actions through
five-year plan.
Adaptation to climate change is a relatively new science. More studies are required for better understanding
the impacts of climate change in Bangladesh. Efforts are being made at the international stage that can
provide an understanding for implementing relevant policies at national levels. Integrating, coordinating
and implementing adaptation to climate change is to be done in all national levels, which is still far away.
Bangladesh does not have any Climate Change Act, which is very essential for smart climate management
and to bring all sectors under legislative obligations. The Climate Change Act can be a legally-binding
long-term framework for building the ability Bangladesh to adapt to a changing climate.
Economics of the National Adaptation Programme - Bangladesh lags science based research documents
on costs and benefits analysis of adaptation programme. Adaptation needs to be justified based on estimates
of costs and benefits. Planning, management and policy formulation on appropriate adaptation require
knowledge on economics of adaptation. Adaptation is embedded in a wide range of existing policies and
should reflect a series of voluntary agreements across government and society more widely.
Government should have Long Term Environment Plan in line with SDGs to a transformed Bangladesh.
Organic Bangladesh is the main short-cut way for achieving transformed sustainable Bangladesh through
ensuring Organic Dish or “Ecotraian Plate” i.e. eco-friendly organic food for the whole country. It means
switching our agriculture to an organic one where food producing system would be eco and nature based.
It demands resolutions of more outside issues than inner plate items. That oust side plate is very complex.
Intervention for successful adaptation will be effective if it is bespoken, balancing financial, economical,
societal, equitable, governance and legislative and environment interests.
GoB needs soft engineering and nature-based solutions (NBS) as everywhere can be protected. Climate
Change Operational Framework in the GoB organogram is to be defined clearly.
Flexibility is required in adaptation, with multiple choices to achieve a management goal (e.g. defined risk
levels).
Adaptation pathways provide one structured way to achieve this. These can be challenging to generate
due to barriers in planning for adaptation.
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Executive Summary
Food security and climate are closely linked in Bangladesh. 60% of the population in Bangladesh are employed
in agriculture making the economy and livelihoods of millions of Bangladeshis reliant on climatic and
environmental factors.
Rice and fish are the main components of the food system and are major focal points of food security in
Bangladesh. Currently rice occupies 77% of the gross cropped area and constitutes over 95% of food grain
production. Fish accounts for 60% of animal protein intake in Bangladeshis with people relying on it to provide
their protein needs in both rural and urban areas.
Climate models for the 2050s and 2080s show strong agreement for an increase in temperature but show
more variation in the variability and distribution of rainfall. Climate change projections for Bangladesh indicate
a substantial warming across the country but rainfall projections are less robust. The rainfall in the 2050s is
projected to largely overlap the present day range whereas there is more agreement between models for
increased monsoon rainfall and greater variability by the 2080s.
Future changes in precipitation vary regionally compared to temperature increases which are consistent
country-wide. Daily maximum temperatures could exceed the optimum growth range for aman rice for some
years by the 2050s, and for many years by the 2080s.
Exposure to climate impacts varies regionally:
• Coastal zone:

People in the coastal zone are mainly rice and shrimp farmers. Currently, these people suffer from cyclones
and storm surges which cause inundation of land and soil salinity destroying crops and contaminating soil.
Inundation of land is likely to worsen in the future with rising sea levels and projected increases in river
discharge during the monsoon season.
• Chittagong Hill Tracts and adjacent coast:
People in Chittagong Hill Tracts and adjacent coastal areas rely on subsistence farming, fishing and salt
production. As this is the hilliest region in Bangladesh, it is most at risk from flash flooding which causes
landslides, destroying homes and crops. There is potential for future increases in pre-monsoon flooding
which is hazardous for standing boro rice.
• Haor Region:
The Haor region is dominated by boro rice and tea cultivation alongside fishing. The greatest hazard to this
region is flash flooding caused by run-off from the surrounding hills in India. There is uncertainty about how
or if rainfall will change during the pre-monsoon period but monsoon rainfall is projected to increase which
could lead to delayed planting of the boro crop.
• North and Central region:
The North and Central region is home to people living on char land or on the mainland adjacent to the
major rivers. The greatest risk to these populations is riverbank erosion and flooding which can cause loss
of homes and livelihoods. Projected increases in river discharge and monsoonal flooding could further
exacerbate riverine flooding which can destroy the aman crop as well as introducing sand and silt causing
water logging and lowering productivity.
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• Barind and drought-prone areas:
People in the Barind and drought-prone areas rely on the production of aus and boro rice, irrigated using
groundwater. As the western side of Bangladesh is warmer and receives less rainfall, the main hazard in this
region is drought causing a declining groundwater table, with less water available for crops. Projected
increases in monsoon rainfall and river flow may not offset drought conditions due to increasing water
demand.
• Urban areas:
34% of Bangladeshis live in urban regions and this is rising each year. Livelihoods are more diverse but
there are large numbers of urban poor who are reliant on cash flow to buy food. Flooding is the biggest
threat to Dhaka which can displace millions of people and enhance the spread of disease. Potential
increases in monsoon rainfall and increases in river discharge could exacerbate these floods. In the future
higher nighttime temperatures will pose a significant risk to people vulnerable to heat stress.
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1. Introduction
This report has been compiled as part of the European funded ‘High-End cLimate Impacts and eXtremes’ (HELIX)
project, which looks at climate change under a range of scenarios of future global average temperature rises.
These Specific Warming Levels (SWLs) which are set at a 1.5, 2, 4 and 6°C rise relative to the pre-industrial
climate have been used to assess climate change impacts and adaptation, both globally and in three regional
focus areas; Europe, sub-Saharan Africa and South Asia. The wider HELIX project aims to assess the impacts of
these specific warming levels on food and water security, energy security, flooding, infrastructure, ecosystems,
health and human migration in order to provide tailored climate impact information to stakeholders, such as the
World Food Programme (WFP) and the European Commission (EC), policy-makers and businesses.
This food security assessment falls under the South Asia regional focus of HELIX (Work Package 9) which aims to
assess the integrated biophysical and socio-economic impacts of climate change in the South Asia region
through improvement and use of global and regional climate and climate impact model projections. The aim of
this study is to interpret the outputs from the HELIX project from the perspective of food security and
livelihoods in Bangladesh. This is done by using the high-resolution HadGEM3 global climate model data from
HELIX Work Package 3 to describe the baseline climate and projected trends in relevant climate variables. In
addition, results of various impact studies from Work Package 9 and across the literature are synthesised and
standardised to make an assessment of the risk of different levels of climate change to food security in
Bangladesh. It is important to note that not all impact studies use the same models or have consistent driving
data so direct comparisons between impacts studies are not possible. However, this report attempts to highlight
the impact studies which are relevant to interpreting how climate change will affect food security in Bangladesh.
It is important to note that this report is mainly focused on the impacts of climate change on food availability
and does not cover aspects of food imports and market infrastructure. This is because the impacts of climate
change on food availability are better defined than the impact of climate change on the complex economics of
food security which requires additional expertise.
Firstly, the motivation and context behind this report is outlined in Section 2 in an assessment of the current
livelihood activities in Bangladesh in order to give context and identify potential vulnerabilities in the current
food system. The baseline climate and future projected trends in temperature and rainfall in Bangladesh from
the high-resolution HadGEM3 global climate model results from Work Package 3 are then presented in Sections
3 and 4. Finally, with knowledge of the food security status, projected trends in climate, and results from
relevant climate impacts studies, the information is brought together to present regional assessments of the
impact of food security in Bangladesh at a regional level in Section 5.
The aim is to provide the EC and WFP with a climate and food security assessment which will allow them to
make informed decisions around adaptation and resilience building. The HELIX project is focused on impacts
from climate change occurring under SWLs without set time periods which may not be as useful to support the
WFP’s adaptation decisions. Therefore, this report will primarily consider impacts occurring under two future
time periods (the 2050s and 2080s) which roughly corresponds to an increase in global average temperature of
2 and 4°C respectively (Fahad et al., 2017).
We acknowledge the valuable input, feedback and discussions throughout this study with Ashraful Amin and his
team at the Vulnerability Assessment and Mapping Unit of the WFP Country Office Bangladesh. In addition, we
acknowledge the engagement and sharing of knowledge and data of local experts and stakeholders at a
stakeholder consultation workshop held in Dhaka, Bangladesh in May 2017, which was jointly organized by the
WFP and Met Office.
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2. Food Security and livelihoods in Bangladesh
Bangladesh is located between 20.6°N and 88.02°E to 92.7E (see Figure 1) and is part of the Ganges River delta
flowing from the Himalaya in the North to the Bay of Bengal in the South. The country is made up of a low-lying
plain where the three main rivers converge; the Ganges (Padma), Brahmaputra and the Meghna. In addition, the
southeast of the country is hilly and is known as the Chittagong Hill Tracts.

Figure 1. The location of Bangladesh, taken from Wikipedia (https://commons.wikimedia.org/wiki/File:LocationBangladesh.svg).

Bangladesh is one of the most densely populated countries in the world, with the majority of people living
within urban areas such as Dhaka and Chittagong or areas surrounding them. Rural areas are less populated,
especially along the coast and the hill tracts (Figure 2).
There are two poverty divisions in Bangladesh; the urban-rural divide and the east-west divide. The spatial
distribution of poverty changes are shown in Figure 3. In general, the capital city Dhaka and the main port city
Chittagong form two clusters of urbanization and economic growth. Areas sharing a border with greater Dhaka
and Chittagong metropolitan area lie north of the Ganges and east of the Brahmaputra and have experienced
the greatest reduction in poverty and increase in economic growth, especially from 2000-2005 (Shilpi, 2008).
This has left the western side of Bangladesh, especially the south-west, without a regional growth centre and
consequently the west continues to lag behind the east with respect to economic development and income. This
is exacerbated by the division of these areas by two large rivers which limit integration between east and west.
In general, the incidence of poverty is higher in rural areas than in urban areas, and the rate of decrease in
poverty is also lower in rural areas (Ferdousi and Dehai, 2014). Divisions which have higher incidences of poverty
include Rangpur division in north-west Bangladesh and Khulna and Barisal in the southwest and central
southern coast (Zohir, 2011).
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Figure 2. Distribution of population density of Bangladesh by district from the 2011 Bangladesh population and housing census. Figure
taken from the Population Monograph of Bangladesh, Volume 7
(http://203.112.218.65:8008/PageWebMenuContent.aspx?MenuKey=243)

Figure 3. The spatial distribution of poor and extreme poor people in Bangladesh as of 2010. The World Bank and Bangladesh Bureau
of Statistics in collaboration with World Food Programme produced the poverty estimates.
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2.1 Main livelihood activities in Bangladesh
Bangladesh is an agrarian economy where 60% of the population are employed in agriculture (BBS, 2011).
During the monsoon period (June-September), rain-fed rice is the dominant crop, compared to irrigated rice,
pulses, oil seeds and vegetables grown in the dry season (Lazar et al. 2015). As such, the economy and
livelihoods of millions of Bangladeshis are reliant on climatic and environmental factors such as monsoon timing,
intensity and distribution, storms and cyclones, soil salinity and availability of water for irrigation.
Both rice and fish are the main components of the food system in Bangladesh; they make up 64.9% of the
calorie intake and 60.3% of the protein intake cumulatively (see Figure 4) and their production employs almost
50% of the workforce. Currently, rice occupies 77% of the gross cropped area and constitutes over 95% of food
grain production (BARC, 2011). Fish accounts for 60% of the animal protein intake of Bangladeshis, with people
relying on fish to meet their protein needs in both rural and urban areas (Hossain et al. 2015). Both rice and fish
are therefore major focal points of food security in Bangladesh.

Figure 4. Food intake of a typical Bengali; a. Food intake, b. Calorie intake, c. Protein intake. Figure taken from (Rahman and Mondal,
2015).

2.1.1 Rice growing seasons in Bangladesh
There are three main crop growing periods in Bangladesh; Pre-Kharif, Kharif and Rabi which cover three ricegrowing seasons:
1. Aus is pre-monsoon (or pre-Kharif), upland rice planted directly or broadcast during March-April after the premonsoon showers and harvested between July and August. Some areas of aus cultivation have shifted to boro
because of the higher yield potential than aus.
2. Aman is the monsoon season (or Kharif) rice crop. Direct (i.e. directly in the field from seed) seeding in
March-April or transplanting between July and August.
3. Boro is the dry-season (or Rabi) rice crop, which is planted from December-February, irrigated and harvested
between April-June. The introduction of groundwater irrigation systems has led to an increase in popularity of
boro rice. For boro season, 92% of farmers use irrigation but only 28% own their own irrigation equipment
compared to the 62% who buy in irrigation water (Hossain et al. 2013). 79% of irrigation water is from
groundwater sources, compared to 21% from surface water, (FAO, 2008).
Each of these seasons poses different challenges to parts of the rice growing cycle (see Figure 5). For instance,
rice in the vegetative and reproductive stages (i.e. the first 1-2 months of growth), are most sensitive to changes
in temperatures outside of the optimum growth range of 20-35°C. Currently, this affects both boro and aus crop
at vegetative and reproductive stages (Shelley et al. 2016).
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Figure 5. Rice calendar for the three dominant rice crops grown in Bangladesh. Taken from Shelley et al. 2016.

Rice is grown throughout Bangladesh (see Figure 6) but there are regional differences in the distribution of boro
and aman. For instance, the coastal areas are not as suitable for boro cultivation due to difficulty in irrigating
these areas. Traditionally transplant aman was the main rice crop but over the recent years, a high yielding
variety of boro rice now accounts for the largest share of the rice output (~60%) (Khandker and Mahmud, 2012).
This has led to more even year-round availability of rice from domestic production and consequently the rice
price does not fluctuate seasonally (Khandker and Mahmud, 2012). Despite relatively stable rice prices, seasonal
hunger, or monga still occurs on an annual basis due to unemployment between September-November (after
the aman crop is planted) and from March-April (after the boro crop is planted), especially in poorer regions
such as Northwest Bangladesh (Paul et al. 2013).

Figure 6. The spatial distribution of the rice crop in Bangladesh, adopted from Gumma et al. 2014.
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2.1.2 Fishing livelihoods in Bangladesh
The fisheries and aquaculture sector in Bangladesh is the second most important export industry contributing
22% of agricultural GDP and 7% total export income during 2011 (Rahman et al. 2013, Ghose, 2014). There are
three sub-sectors of fisheries in Bangladesh; inland capture, inland culture and marine which provide 28%, 56%
and 16% of total fish production (Shamsuzzaman et al. 2017). Inland capture is located in riverine and estuarine
environments (floodplains in the north-east), Sundarbans (south-west), beels (typically the north-east), Kaptai
lake (Chittagong district) and haors (floodplains e.g. in the northeast) and has declined over the recent years in
favour of inland closed aquaculture. Inland closed aquaculture requires culture ponds e.g. ox-bow lakes which
are often flooded during the monsoon, carrying fish from the rivers into ponds. This sector has experienced the
fastest growth in the last few decades and now makes up 80% of the total recorded aquaculture production
(Shamsuzzaman et al. 2017). The dominant fish species cultured are carps, tilapia, Hilsa and perch.
Coastal aquaculture is most important in the Southwest districts of Khulna and Satkhira where tiger and river
prawn are cultured in enclosed coastal ponds, or ghers, in the brackish water. Due to the short culture cycle and
profitability of exporting shrimp, many coastal regions have adopted this livelihood over the traditional aman
rice crop (Hossain et al. 2015). The peak season of prawn farming in gher is from May to January (Ahmed et al.
2008). From January-July, during the high salinity season, shrimp farmers culture brackish water shrimp and fish.
In the low salinity season (August-December), shrimp farmers culture freshwater shrimp and fish, cultivate saltresistant aman rice in more elevated areas whilst harvesting any brackish water or freshwater shrimp. Prawn
larvae are stocked in May to June and harvested primarily from November to January, a culture period of
around 9 months (Ahmed et al. 2008). The rapid expansion of shrimp farming has been blamed for increasing
soil salinity and acidity in coastal areas (Sarwar and Islam, 2013, Rahman et al. 2013), but the adoption of
integrated farming practices such as incorporating aquaculture and rice farming together is helping to combat
encroaching salinity and allow more diversity in food supply (Ghose, 2014). Crab fattening has become more
popular in the coastal regions because juvenile crabs are plentiful in the Sundarbans, easy to collect and only
take 2-3 weeks to complete a production cycle, so are less likely to be affected by weather and climate impacts
(Rahman and Islam, 2013).

2.1.3 Climate vulnerabilities of main livelihood activities
The main livelihoods in Bangladesh which include farming (predominantly rice and fish) are sensitive to weather
and climate and therefore vulnerable to potential future changes in climate. Drought and low temperatures
threaten the boro crop as well as flash flooding just before harvest. The aman crop is also threatened by excess
flooding during the monsoon, and maximum temperatures exceeding the optimum growth range. This means
that maximum and minimum temperatures, as well as the timing and intensity of the monsoon, winter rainfall,
and groundwater recharge are important factors in determining the success of rice production in Bangladesh.
Fish production can be affected by drought during the culturing process or by overtopping of culture ponds
during excess monsoonal flooding.
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3. Current climate of Bangladesh
Bangladesh has a subtropical monsoon climate (warm and humid), with four distinct seasons. The pre-monsoon
season (March-May) which is characterised by variable rainfall (approximately 19% of total annual rainfall falls
during the pre-monsoon period, Khatun et al. 2016), brought by cyclonic storms over northwest Bangladesh.
Low pressure formed over the Bay of Bengal can intensify into a depression which sometimes evolves to
become a cyclone during this season. The pre-monsoon season also experiences the highest humidity and
annual temperatures. Heatwaves occur during this season, ranging from mild (daily maximum temperature in
the range 36-38°C), moderate (daily maximum temperatures in the range 38-40°C), and severe (daily maximum
temperatures in excess of 40°C) (Khatun et al. 2016). The southwest monsoon season (June-September) brings
the majority of the rainfall (approximately 71% of total annual rainfall falls during the monsoon). The monsoon
rainfall arrives first to the southeast of the country and gradually spreads to the rest of the country by the
middle of June. The post-monsoon season (October-November) brings considerably less rainfall and lower
temperatures and is characterised by cyclonic disturbances which begin over the Bay of Bengal, before recurving northeastwards and making landfall on the southeast districts of Bangladesh (Khatun et al. 2016). These
cyclones bring severe impacts to coastal communities. The winter/northeast monsoon season (DecemberFebruary) is the coolest and driest season (only around 2% total annual rainfall occurs during this period of the
year). This rainfall is caused by low pressure systems which form in the East Mediterranean and bring moisture
across Asia, before reaching Bangladesh. Occasionally colder spells occur in the northern and western parts of
the country when daily minimum temperatures fall to around 8-10°C in mild cold spells, 6-8°C in moderate cold
spells, and occasionally fall below 6°C in the most severe cold periods (Khatun et al. 2016).

3.1 Annual average climate
Precipitation and temperature show a strong seasonal cycle over Bangladesh, but not as much regional
variability. The north and east of the country are slightly cooler than central and southern areas, and the
monsoon rainfall is heaviest in the far north and in the east of the country. Figure 7a-d shows plots of annual
average daily temperature (mean, maximum and minimum) over the country by averaging variables for all years
between the baseline period of 1981-2010. These plots do not show seasonal or temporal variations, but
average annual spatial differences for the baseline climate.
Annual average rainfall in this north-eastern region can be over 3200 mm/year making it one of the wettest
places on earth (Khatun et al. 2016, Ahasan et al. 2010). This contrasts with the drier central-western region
which experiences around 1600 mm/year (Ahasan et al. 2010). The rainfall discrepancy across Bangladesh is due
to the monsoon travelling from the southwest before reaching the foothills of the Himalayas where the
monsoon winds are deflected west and northwest, causing the greatest average precipitation in north-eastern
Sylhet region. Rainfall is more evenly distributed in the drier winter months, although southern regions
generally remain wetter and warmer than the north, as reflected in the annual average rainfall (Khatun et al.
2016).
Annually averaged daily maximum temperatures can reach up to 32.5°C in the central western region of
Bangladesh, compared to north-eastern Bangladesh which has the lowest daily maximum temperatures of
around 28°C. Annually averaged daily minimum temperatures are more spatially homogenous than daily
maximum temperatures and generally lie between 20-21°C for most of the country but generally trend towards
higher minimum temperatures at the coast (Khatun et al. 2016).
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Figure 7. Maps of: a. average daily mean temperature; b. average daily maximum temperature; c. average daily minimum
temperature and d. total annual precipitation; for the baseline period of 1981-2010 1.

3.2 Seasonal variability
The seasonal variability of climate in Bangladesh is high, with a distinct monsoon season that brings most of the
rain between June and September, when temperatures are high. The winter season is, in contrast, rather dry
and cooler. Figure 8a-d shows the profile of temperatures and rainfall through the year for Bangladesh whereas
Figures 9-12 demonstrate seasonal variability of the baseline climate. The ensemble spread of baseline maps
and profiles can be found in section 8.2, Appendix B. Climate information in this report is shown either as spatial
plots which display variables averaged over a 30 year period, or as annual profile plots for each of the 30 years,
which are averaged over the entire country but display individual years of data.

1

Note that the baseline climate data presented in Section 3 of this report is the bias-corrected data from the HadGEM3 atmosphere-only
climate model simulation using MIROC-ESM-CHEM sea surface temperature; it is not data from direct observation. For details of the model
data generated in the HELIX project see Section 4 and HELIX D3.1, (2017), and for details of the bias correction methodology used see
Hempel et al. 2013. The spread across the ensemble is minimal given the bias correction, however, there are some differences in the
distribution throughout the year; plots of the ensemble spread of the annual profiles for the baseline period are provided in Appendix A.
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Figure 8. Annual profile plots of: a. daily mean temperature; b. daily maximum temperature; c. daily minimum temperature; and d.
precipitation; averaged over Bangladesh, for individual years over the baseline period 1981-2010. Each year is represented by a thin,
coloured line. The thicker, black line is the mean profile of all years between 1981-20101.

Figure 9. Maps of daily mean temperature averaged between the baseline period of 1981-2010 for: a. Winter (December-February) b.
Pre-monsoon (Mar-May); c. Southwest monsoon (Jun-Sep) and d. Post-monsoon (Oct-Nov) 1.
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Figure 10. Maps of daily maximum temperature averaged between the baseline period of 1981-2010 for: a. Winter (DecemberFebruary) b. Pre-monsoon (Mar-May); c. Southwest monsoon (Jun-Sep) and d. Post-monsoon (Oct-Nov) 1.

Figure 11. Maps of daily minimum temperature averaged between the baseline period of 1981-2010 for: a. Winter (DecemberFebruary) b. Pre-monsoon (Mar-May); c. Southwest monsoon (Jun-Sep) and d. Post-monsoon (Oct-Nov) 1.
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Figure 12. Maps of total seasonal precipitation for: a. Winter (December-February) b. Pre-monsoon (Mar-May); c. Southwest monsoon
(Jun-Sep) and d. Post-monsoon (Oct-Nov); for the baseline period of 1981-20101.

The climate year in Bangladesh can be divided into four distinct periods as follows (Khatun et al. 2016):
•

•

•

•

Pre-monsoon (March-May) rainfall ranges between 50mm/month in March up to around 300 mm/month
in May. The average daily mean temperature during this season ranges between 25-29°C, with average
daily maximum temperatures reaching up to 35°C. Due to these high temperatures heating the land
surface over Bihar, West Bengal and northwest Bangladesh, and accumulated moisture from the Bay of
Bengal, large cyclonic storms called ‘Nor’westers’ form which can bring high winds and heavy rain.
Southwest monsoon season (June-September), rainfall increases during this period up to 400500mm/month on average, but can be as high as 750 mm/month. Both northeast and southeast
Bangladesh receive more rainfall (up to 2500 mm over the monsoon) compared to the drier centralwestern region (around 1200 mm over the monsoon). The daily mean temperature in this season remains
between 28-29°C, with daily maximum temperatures cooler than April/May, dropping to approximately
32°C, and daily minimum temperatures between around 25-26°C. In general, daily minimum
temperatures remain homogenous throughout Bangladesh, but daily maximum temperatures are higher
in the central-west region.
Post-monsoon season (October-November) rainfall drops off considerably from an average of around
300-500 mm/month to around 100-200 mm/month and daily mean temperature decreases from about
28°C to more like 23°C, with daily minimums of 19°C.
Winter season (December-February) monsoon, rainfall is negligible throughout Bangladesh at this time of
year, with daily minimum temperatures reaching between around 12-14°C on average with lows of up to
11°C. Daily maximum temperatures are generally distributed evenly throughout the country compared to
daily minimum temperatures which appear to be warmer near the coast (approximately 15-17°C)
compared to the northwestern region (approximately 12.5°C).
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3.3 Inter-year variability
There is a wide range of inter-annual variability in the annual rainfall received in Bangladesh, as can be seen in
Figure 8d. Some of this inter-annual variability is related to the El Niño Southern Oscillation where a warming of
the Pacific sea surface temperatures weakens the trade winds which blow westward from South America. The
weakening of these trade winds during an El Niño, limits the air moisture and heat content which results in an
uneven distribution of rainfall across Bangladesh and the Indian subcontinent, the patterns of which are
described in the next section.
Temperature is less variable from year to year, particularly average monthly daily minimum temperature.
However, there is greater variability in daily maximum temperatures, which are more closely affected by rainfall
totals.

3.4 Climate Trends
Temperatures in Bangladesh have shown a clear trend of warming in the recent past. The Intergovernmental
Panel on Climate change (IPCC) Fifth Assessment Report (AR5) states that there is a observed trend of increasing
annual mean temperatures over South Asia during the 20th Century (Hijioka et al. 2014). Observational records
suggest that annual mean temperature has increased by 0.001°C/year, whilst minimum and maximum
temperatures have increased by 0.014°C and 0.008°C/year respectively over the period 1948-2011 (Bangladesh
Delta Plan, 2015). Some evidence for this warming, particularly for increases in the daily minimum temperature
can be seen in Figure 8, where more recent years in the 1981-2010 period are shown in red and are, on average,
warmer than the earlier years in this period (shaded in blue).
Long term trends in rainfall are more difficult to discern, due to the higher level of inter-annual variability in
annual rainfall. Likewise, the IPCC AR5 analysis shows no clear trend in precipitation over the last 30 years in
Bangladesh, except for a potential increase in rainfall in southwest Bangladesh (Hijioka et al. 2014).
Observations of sea level rise indicate that sea level is currently rising at around 3-8mm/year along the
Bangladesh coastline, (this rise includes the effect of subsidence and tectonic, as well as climate change, on sea
level) (Bangladesh Delta Plan, 2015).

Project 603864

16

4. Projected changes in climate for Bangladesh
4.1 Overview of climate model projections used in this report
In order to examine the projected changes in climate for Bangladesh, analysis of an ensemble of five global
climate model simulations from Work Package 3 of the HELIX project was undertaken. The global climate model
used is HadGEM3 2 which is higher resolution than the latest fully coupled climate models (approximate grid
spacing of about 50km by 50km at the equator), providing globally consistent projections at a finer scale than
the previously available set of model projections. The model was run in atmosphere-only mode five 3 times, each
taking sea-surface temperatures from different lower resolution global climate model projections; these are
ACCESS1-0, GFDL-ESM2M, IPSL-CM5A-LR, IPSL-CM5A-MR and MIROC-ESM-CHEM. The model was run under
Representative Concentration Pathway 8.5 (RCP8.5), the highest greenhouse gas concentration pathway
(sometimes known as the so-called ‘business-as-usual’ scenario). The bias corrected HadGEM3 data was used in
this study for both the baseline period (1981-2010) and future projections. For details of the methodology for
running the HELIX climate simulations, please see HELIX D3.1 (2017) and for details of bias correction
methodology, please see Hempel et al. (2013).
Projected changes in temperature and precipitation were analysed for both future time slices (the 2050s and
2080s) and for the years at which each model passed the SWLs for each of the five HadGEM3 ensemble
members. The projections at SWL2 (2°C above the pre-industrial climate) are similar to those seen for the 2050s,
and for SWL4 (4°C above the pre-industrial climate) are similar to the projections for the 2080s. As the focus of
this report is on adaptation decision making for food security, where impacts over time rather than at specific
levels of temperature change have previously been considered more useful, only projections for the 2050s and
2080s are presented in Section 4.2 of this report. Although it should be borne in mind that climate simulations
such as those presented here should not be regarded as predictions, just illustrations of possible futures.
However, since Specific Warming Levels (SWLs) such as 1.5°C and 2°C in particular are in common use for
informing policy under the United Nations Framework Convention on Climate Change, we also present results
from the projections at SWLs in Appendix C.
The individual ensemble members exhibited a variety of projections, but the range between them was relatively
small. Results from one ensemble member are presented in Section 4.2 to illustrate the projections as a whole.
This is the HadGEM3 model driven by the sea surface temperatures from the MIROC-ESM-CHEM model, which
sits approximately in the centre of the ensemble range for most variables and future projections. The full set of
ensemble results are shown in Appendix B.

4.2 Projected changes in climate for the 2050s and 2080s
The projected changes in climate presented in this section display the difference between the thirty-year
baseline period of 1981-2010 and either 2041-2070 (2050s) and 2071-2100 (2080s), for maximum temperature,
minimum temperature and precipitation for the HadGEM3 model driven by MIROC-ESM-CHEM sea surface
temperature (referred to as HadGEM3-MIROC-ESM-CHEM from here, see Section 4.1 for more detail on the
climate models used).

2

The specific simulation of HadGEM3 was HadGEM3 GA6.0 N216 UM10.2 (Walters et al., 2017; Williams et al., 2015).
Six ensemble members were run as part of HELIX WP3 (HELIX D3.1, 2017), however, this report used the bias-correct model
data and anomalous behaviour in the daily precipitation data was found in one model after the bias correction process had
been applied. This model (HadGEM3 driven by the HadGEM2-ES sea surface temperatures) was therefore excluded from this
analysis, resulting in a five-member ensemble.
3
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The changes in these climate variables are presented as a series of maps and annual profiles. The maps show
the spatial distribution of changes for each of the relevant seasons in Bangladesh (as defined in Section 3.2). The
annual profile plots show annual profiles for each individual year in the future time period with the envelope of
all years in the baseline period also shown for reference. The data has been averaged across the whole country
to produce these plots.
The climate model projections show daily maximum temperature in Bangladesh increasing by the 2050s (Figure
13). There is a high level of agreement for this warming signal, with the largest increases in temperature
occurring in the June, July, August, September season which also corresponds to the period of the monsoon
rains. In this season, average daily maximum temperature could increase by up to 4 or 5 °C in some places. The
increase in daily maximum temperatures in the winter season are lower, but still rise by ~1 to 2 °C.
Figure 14 shows the annual profile of average daily maximum temperature over Bangladesh and again illustrates
the consistent warming signal. The envelope of temperatures in years in the 2050s period are generally higher
than the 1981-2010 baseline period, with many years showing higher and more prolonged periods of maximum
temperatures than the recent past. All the models in the ensemble indicate that the pre-monsoon period could
experience average daily maximum temperatures in excess of 35°C, which is not the case in the current
climatology.

Figure 13. Maps of HadGEM3-MIROC-ESM-CHEM maximum temperature (Tmax) change from a 1981-2010 baseline to the 2050s for
each of the seasons; DJF, MAM, JJAS, ON.
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Figure 14. Plot of average maximum temperature (Tmax) over Bangladesh by month for the HadGEM3-MIROC-ESM-CHEM model for
individual years in the 2050s period, overlaid on to the shaded envelope of the Tmax values by month for HadGEM3-MIROC-ESMCHEM for individual years in the 1981-2010 period. The thicker, black line is the mean profile of all years between 2041-2070.

Looking out to the 2080s, all the climate model simulations in the ensemble show further warming throughout
the year and across the whole of Bangladesh (Figure 15). However, as the climate continues to change, it is the
winter and pre-monsoon seasons that are projected to see greater increases in maximum temperatures, relative
to the monsoon period (Figure 16).
There is slightly less annual variation in daily maximum temperature, although April and May, and October and
November remain the hottest months in terms of daily maximum temperature (Figure 16). By the 2080s, the
projections show that the average daily maximum temperature exceeds 35°C for several months of the year,
remaining outside of the current present day variability especially for the winter period (DJF) (Figure 16).

Figure 15. Maps of HadGEM3-MIROC-ESM-CHEM maximum temperature (Tmax) change from a 1981-2010 baseline to the 2080s, for
each of the seasons; DJF, MAM, JJAS, ON.
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Figure 16. Plot of average Tmax over Bangladesh by month for the HadGEM3-MIROC-ESM-CHEM model, for individual years in the
2080s period, overlaid on to the shaded envelope of the Tmax values by month for HadGEM3-HadGEM2-ES for individual years in the
1981-2010 period. The thicker, black line is the mean profile of all years between 2071-2100.

The projections of change in daily minimum temperature in the 2050s also show consistent warming throughout
Bangladesh. Like daily maximum temperature, the greatest warming in the models occurs during the monsoon
period, but for daily minimum temperature the difference in the change between seasons is less pronounced
(Figure 17).
Daily minimum temperatures show less inter-annual variability than daily maximum temperature, in both the
baseline climate (1981-2010) (Figure 8) and in the future projections. This means that the signal of long-term
warming is more easily distinguished from natural variability of the climate. Minimum temperatures for the
2050s are near the upper end of or just above the present day variability indicating potential increases in night
time temperatures (Figure 18). This shift in climatological range is important for the ability of people and
systems to adapt and cope with, not just new extremes, but a new ‘average’ climate.

Figure 17. Maps of HadGEM3-MIROC-ESM-CHEM minimum temperature (Tmin) change from a 1981-2010 baseline to the 2050s for
each of the seasons; DJF, MAM, JJAS, ON.
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Figure 18. Plot of average Tmin over Bangladesh by month for HadGEM3-MIROC-ESM-CHEM for individual years in the 2050s period,
overlaid on to the shaded envelope of the Tmin values by month for HadGEM3- MIROC-ESM-CHEM for individual years in the 19812010 period. The thicker, black line is the mean profile of all years between 2041-2070.

Projections out to the 2080s show continuing increases in daily minimum temperature across Bangladesh, for all
the model runs in the ensemble (Figure 19). The average daily minimum temperature could be higher by 4 to
5°C for much of the country for large parts of the year. Figure 20 shows the profile of daily minimum
temperature for each month, and indicates that minimum temperatures in the 2080s represent a climatological
shift outside of the ranges of temperature variation of the present day. For instance, average daily minimum
temperatures could exceed 30°C for some months of the year in the 2080s.

Figure 19. Maps of HadGEM3-MIROC-ESM-CHEM minimum temperature (Tmin) change from a 1981-2010 baseline to the 2080s for
each of the seasons; DJF, MAM, JJAS, ON.
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Figure 20. Plot of average Tmin over Bangladesh by month for HadGEM3-MIROC-ESM-CHEM for individual years in the 2080s period,
overlaid on to the shaded envelope of the Tmin values by month for HadGEM3-MIROC-ESM-CHEM for individual years in the 19812010 period. The thicker, black line is the mean profile of all years between 2071-2100.

Projections of changes in rainfall over Bangladesh are less robust than for temperature. The different model
runs in the ensemble show more variation between each other in the signal for climate change. However, in
general, all the ensemble member projections show a small average increase in rainfall across Bangladesh by the
2050s (Figure 21). The majority of this increase occurs during the monsoon months which is currently the
wettest period of the year. It is also important to note that although most of the models show increased rainfall
during monsoon months, there is little agreement between the ensemble members on the spatial pattern of
rainfall changes by the 2050s (Section 8.2, Appendix B, Figure 58).

Figure 21. Maps of HadGEM3-MIROC-ESM-CHEM total annual precipitation change from a 1981-2010 baseline to the 2050s for each of
the seasons; DJF, MAM, JJAS, ON.

The overall magnitude of monsoon rainfall in the 2050s indicate the climatological range of rainfall will largely
overlap with the rainfall range experienced in the recent past (Figure 22), suggesting that the intensity of
monsoon rainfall will remain unchanged from present day. However, future years of much higher or lower
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rainfall cannot be ruled out.The interannual variability in total monsoon rainfall remains large in the 2050s but
the variability of when this rainfall occurs could be greater than present day.

Figure 22. Plot of average total precipitation over Bangladesh by month for HadGEM3-MIROC-ESM-CHEM for individual years in the
2050s period, overlaid on to the shaded envelope of the precipitation values by month for HadGEM3-MIROC-ESM-CHEM for individual
years in the 1981-2010 period. The thicker, black line is the mean profile of all years between 2041-2070.

Projections of changes in rainfall out to the 2080s show a slightly stronger signal, with greater agreement
between the models in the ensemble on the direction and seasonality of changes. Figure 23 shows the change in
average rainfall for each season for the HadGEM3-MIROC-ESM-CHEM model during the 2080s compared to the
1981-2010 period. There is little change during most of the year, but with an indication of increases in average
rainfall during the monsoon months and increased interannual variability in rainfall compared to the 2050s. This
potential increase of monsoon rainfall is reflected in the other ensemble members, but the level of change
varies across the models, and there is no consistent spatial pattern for where this additional rainfall will occur
(See Appendix B, Figure 63 for projections from other ensemble members).
The inter-annual variability in rainfall means that even by the 2080s there is a large overlap in the climatological
range in the future period in comparison with the present day. The increase in average monsoonal rainfall is
more apparent by the 2080s (Figure 24), compared to the 2050s where either more or less monsoonal rainfall
could occur. The signal from the ensemble runs do not indicate a change in the seasonality of the monsoon
period by either the 2050s or 2080s but they do indicate a broadening in the monsoon with rains potentially
starting earlier and finishing later. This result is consistent with the Coupled Model Intercomparison Project
(CMIP-5) ensemble results (Christensen et al. 2013).
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Figure 23. Maps of HadGEM3-MIROC-ESM-CHEM total annual precipitation change from a 1981-2010 baseline to the 2080s for each of
the seasons; DJF, MAM, JJAS, ON.

Figure 24. Plot of average precipitation over Bangladesh by month for HadGEM3-MIROC-ESM-CHEM for individual years in the 2080s
period, overlaid on to the shaded envelope of the precipitation values by month for HadGEM3-MIROC-ESM-CHEM for individual years
in the 1981-2010 period. The thicker, black line is the mean profile of all years between 2071-2100.
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5. Regional assessments of food security and climate change in Bangladesh
So far this report has focused on understanding the current status of food security and livelihoods in Bangladesh
and presenting descriptions of the baseline climate and projected trends in the main climate variables
(temperature and rainfall) from the high-resolution HELIX global climate model projections. In this section, we
focus on pulling all of this information together, along with results from specific climate impacts studies from
the HELIX project and existing literature, to highlight the main threats of projected climate changes to food
security and livelihoods in Bangladesh. In order to better understand the food system geography and the
impacts of climate variability and change in Bangladesh, the country has been split into regions based on shared
regional characteristics and challenges that have been identified in the Bangladesh Delta 2100 plan 4 (Figure 25).
This divides the country into six regions, with a connection area in between. The six regions are:
• Coastal zone
• Chittagong Hill Tracts and adjacent coast
• Haor region
• Barind and drought-prone region
• North and Central flood-prone zone
• Urban Areas.
These broadly correspond to areas which are affected predominantly by drought (Barind region), heavy rainfall
and flash flooding (Haor region and the areas adjoining major rivers in the north and central region), salinity
intrusion, drought and cyclones (Coastal region), and landslides (Chittagong Hill Tracts). The climate change
impacts for each of these regions are explored in this section and a summary is provided in Section 5.7.

Figure 25. Map of climate vulnerable regions of Bangladesh, produced by WFP by combining the climate hazards hotspot map 5 and the
Bangladesh Delta Plan 2100 hotspots 6.

4

The Delta 2100 plan is a project undertaken by the government of Bangladesh, in cooperation with the government of the Netherlands to
create a long term vision for the Delta’s future.
5
http://documents.wfp.org/stellent/groups/public/documents/ena/wfp282622.pdf?_ga=2.144657717.1622175222.1504861351494871285.1502353336
6
http://www.bangladeshdeltaplan2100.org/delta-plan/hotspots/
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5.1 Coastal Zone
The coastal region of Bangladesh is extremely low-lying; 62% of land is less than 3m above sea level and 86% of
land is less than 5m. This brings particular weather and climate vulnerabilities such as sea-level rise, cyclones
and associated impacts, salinity intrusion, land subsistence, water-logging, storm surges and tidal flooding
(Abedin and Shaw, 2012). These hazards are compounded by the fact that the coastal divisions of Khulna and
Barisal are home to the poorest people in the country (Figure 3). Districts bordering the mouth of the Lower
Meghna River are at especial risk to flooding, river bank erosion, as well as storm surges and cyclone impacts
which reach further inland in these districts. The narrower morphology of the coastline and the channeling
effect of islands have the effect of amplifying storm surge and cyclone impacts in these districts. The higher tide
level reached during October-November coinciding with the maximum discharge of the Meghna River makes
these months particularly hazardous (Khan, 2013). The combined result is that the coastal region is one of the
most exposed and least resilient regions in Bangladesh.

5.1.1 Coastal livelihoods
The coastal zone as a whole (all 19 districts) is home to approximately 40 million people (Roy, 2011). Around
85% of people in the coastal region depend on agriculture, but due to high demand for land suitable for living
and farming on, many of these households are essentially landless; for instance, 50% of the households own less
than 0.2 hectares of land (Lazar et al. 2015). In recent years, shrimp farming has brought a significant economic
boost to the coastal regions due to foreign exports (DoF, 2010) and is now one of the main economic activities
in this region, especially in the southwest districts of Bagerhat (29%), Satkhira (19%), Khulna (19%) (Islam and
Ahmad, 2004, ‘Fisheries’, Bangladpedia 2015), where 75% of prawn farms currently reside (Ahmed et. al 2008).
The Sundarban (dense forest area) in the south-west coastal area is not only an important mangrove ecosystem,
but is also an economically vital nursery ground for rearing shrimp fry (Ahmed and Diana, 2015, Das et al. 2016).
However, shrimp farming has also damaged land through destroying natural habitats such as mangroves. It has
also increased the salinity of the soil and fresh water which has resulted in economic damage to rural
communities in the area (Ali, 2006). This has led to the coastal region adopting a mixture of agricultural
practices which involve farmers rotating shrimp, prawn and fish farming with rice and vegetable farming
(Abedin and Shaw, 2012). During the high salinity season (January-July), shrimp farmers culture brackish water
shrimp and fish. In the low salinity season (August-December), shrimp farmers culture freshwater shrimp and
fish, and cultivate salt-resistant aman rice and boro rice in more elevated areas during the period when brackish
water or freshwater shrimp in lower lying areas are harvested. In addition to shrimp farming, the marine
fisheries operated from these regions make up approximately 16% of national fish production (FRSS, 2016) but
over-exploitation has resulted in declining fish stocks (Shamsuzzaman et al. 2017).

5.1.2 Current and future climate impacts
The climate impacts which affect the coastal region vary depending on district. Figure 26 maps some of the
coastal hazards as a proportion of households affected.
Perhaps the most ubiquitous problem faced by the coastal region is the impact of cyclones and storm surges
which can occur in May and October-November, affecting a very large proportion of households. Cyclones can
reduce the land area available for agriculture through storm surges and coastal flooding, and through increasing
soil salinity to concentrations unsuitable for agriculture (Sarwar and Islam, 2013). The cyclone season coincides
with the planting of boro rice, making this variety of rice unfeasible in the lower-lying coastal areas (Figure 6). In
addition, the cultivation of higher-yielding varieties of boro requires intensive irrigation which difficult to
achieve in the coastal region as a result of the salinity of the shallow-depth water table along the coast. The
deeper, freshwater aquifers in this region are too economically costly to exploit for irrigation (Krupnik et al.
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2017). However, one of the reasons why cyclones can be particularly destructive is because they coincide with
the annual harvest of the aman crop, the dominant rice crop grown here. Cyclone Sidr in 2007, for example,
destroyed up to ~70% of the annual production of aman crop in the most affected areas (Saha and Barmon,
2015). Cyclones also occur during the peak season of shrimp farming and can wash debris and decomposing
organisms into culture ponds reducing the oxygen content of the water (Ahmed and Diana, 2015).
Trends in the change in frequency of tropical cyclones in the Bay of Bengal in recent decades are not well
understood. A number of studies have indicated a decreasing trend in the number of cyclones (Srivastava et al.
2000, Singh et al. 2000, Niyas et al. 2009), whereas others project an increasing trend (Singh, 2010). In addition,
there is low confidence in projections of future cyclone activity. This is because climate models are not currently
run at sufficiently high resolution to accurately simulate intense storms, and the record of observations contains
an insufficient number of events to obtain robust information about extremes (Hossain & Miah, 2001).
However, despite uncertainty in the long term trend in tropical cyclone activity in the region, a projected rise in
sea level could worsen coastal flooding caused by storm surges and cyclones. Therefore, districts which are most
affected by sea level rise would also be more susceptible to impacts of cyclones and storm surges.
Projections of sea level rise summarized in the Intergovernmental Panel on Climate Change (IPCC) Fifth
Assessment Report (AR5) indicate that global sea level could rise by 0.4-0.9m by 2100, from a baseline level in
2000, under a high greenhouse gas concentration scenario (RCP8.5), in the Bay of Bengal (IPCC, 2013). Based on
this estimation of sea level rise, a HELIX impact study applied a hydrodynamic model (Delft3d) under the
scenario of a 0.5m, 1 m and 1.5m rise in sea level (HELIX D9.2, 2015, Chapter 5). These projections indicated
substantial inundation along the coast and in lower estuary regions. Figure 27 taken from this report shows the
regions of inundation, and the depth of inundation for 0.5m of sea level rise. In addition to the direct impacts on
coastal communities, sea level rise threatens a region known as the Sundarbans, which is the largest mangrove
forest area in the world. The Sundarbans have a critical role in the ecology, environment and economy of
Bangladesh and offer vital protection to the southwest coast from cyclones. The projections showed that under
a 0.5m, 1m and 1.5m rise in sea level around 12%, 43% and 60% of the Sundarbans respectively could be
inundated with sea water (HELIX D9.2, 2015; Chapter 5).
Coastal flooding can occur as a consequence of cyclones, storm surges or heavier rainfall during the monsoon
season which causes higher peak river discharge. Flooding can lead to a delay in the seasonal plantation of aman
rice crop (Abedin and Shaw, 2013, Rahman et al. 2015a). Flooding can also lead to the escape of prawns and
introduces predatory fish into ponds, as well as spreading diseases and parasites (Ahmed and Diana, 2016).
Changes in monsoon rainfall, which are important for coastal flooding, are not well understood, and observation
of the recent past indicates that such trends are either uncertain or small (Mondal et al. 2013). Projections of
long-term changes in monsoon rainfall indicate an increase in the overall rainfall amounts associated with the
monsoon under a warmer climate (Turner & Annamalai, 2012), and projections from the HadGEM3 HELIX
climate model runs support this (Figures 22 & 24). However, changes in seasonality, intensity and reliability of
the monsoon are much less well understood, and locally, particularly in the southwest coastal regions of
Bangladesh, some projects indicated decreases in average rainfall (HELIX D9.3, 2016; part B, Chapter 2).
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Figure 26. Selected climate impacts in Bangladesh. The number of households affected by a. Salinity intrusion, b. Storm surges c.
Cyclones. Data provided by the Bangladesh Bureau of Statistics (BBS) disaster database.

Figure 27. Depth of seawater inundation under a 0.5m sea level rise scenario, according to the Delft3d hydrodynamic model used in
the HELIX impact study investigating extreme sea level rise in coastal Bangladesh, (HELIX D9.2, 2015; Chapter 5).
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In addition to cyclones, storm surges and flooding which tend to affect the central coast around the mouth of
the Meghna river, households on the western coastal area in particular are also affected by drought and high
salinity levels. This reflects the fact that the west side of Bangladesh receives less annual rainfall than the
eastern side (Figure 7d). Seasonally, water stress tends to affect households in the winter months when there is
lower rainfall and lower river discharge. Low rainfall amounts occurring in the winter months affects the aman
crop at the ripening stage, and affects the boro and wheat crop at both germination and vegetative growth
stages when they are most susceptible to damage (Abedin & Shaw, 2013). Modeling of the boro rice crop
undertaken as part of the HELIX project indicated that areas around the south coast could experience a 14-20%
decrease in boro yield by the 2030s, with a wider area affected by the 2080s, due to the prevalence of winter
drought conditions which persist despite potentially higher rainfall (HELIX D9.3, 2016; part B, chapter 2).
Rainfall during the dry season will also determine the salinity of the soil which will determine the suitability for
growing aman crop. For rice, soil salinity can reduce the potential for growing aman because salinity is highest
from January-June, when the aman crop is in the ground, although growing saline resistant rice varieties has
partially alleviated this problem (Abedin and Shaw, 2013). For freshwater shrimp, higher salinity exacerbated by
high spring tides and storm surges during the pre- and post-monsoon seasons can also increase the mortality of
shrimp larvae and the incidence of disease such as black spot, white spot, body color, gill disease, and tail rot
(Ahmed and Diana, 2016). Mondal et al. 2013 suggests there was an increase in winter rainfall between 19482010 with an overall increase in the number of rainy days in a year and maximum number of consecutive rainy
days in Khulna. This contrasts to the 8.22% projected decrease in rainfall expected during the 2050s and 2080s
over south-west Bangladesh relative to a 1971-2000 baseline which could proliferate drought conditions and soil
salinity in the winter period (HELIX D9.2, 2015; Chapter 4a,, Fahad et al. 2017).
Soil salinity is affected by river discharge as well as directly by rainfall. Peak river discharge rates occur during
the monsoon, which corresponds to a period of lower salinity, and minimum discharge occurs during the drier,
winter months which is when salinity is at its highest (Zaman et al. 2016). Water abstraction upstream as well as
construction of coastal polders has been shown to have a significant effect on hydrological changes in the
southwest coastal region in the present day (Mondal et al. 2013). Mathison et al. 2015 showed that annual
mean river flows of the Ganges and Brahmaputra increased during peak flow periods. This conclusion supports a
HELIX impact study which used 11 regional climate models to assess changes in the hydrology of the Ganga
Basin suggested that water yield could increase by the 2080s, potentially reducing drought conditions in the
Ganga basin (HELIX D9.3, 2016; Part A, Mohammed et al. 2017). Another study suggested dredging the mouth of
the Gorai River would allow more freshwater to flow into the region from the Ganges, potentially alleviating
drought conditions and saline intrusion during the dry winter months (Zaman et al. 2016).
In addition to changes in rainfall and river flow, increases in maximum temperatures throughout the seasonal
cycle will affect drought conditions and could also exceed optimum growth ranges of rice (25-30°C) (HELIX D9.3,
2016; Part B, Chapter 2), and shrimp which require water temperatures of 28-31°C (Ahmed and Diana, 2016).
Current trends in maximum temperatures from 1948-2010 indicate that the average maximum temperature
during the monsoon season is rising at 0.04°C per year in Khulna (Mondal et al. 2013). Maximum temperatures
are projected to increase under all climate change scenarios; the HadGEM3 climate model runs for HELIX
indicate that by the 2050s the average daily maximum temperature will be the equivalent of an extremely hot
day observed in the baseline climate, and above 30°C, which would be outside of the optimum temperature
range for the aman crop during it’s growing season (Figure 14). These high temperatures during the peak shrimp
farming season (May-September) could also reduce dissolved water content for shrimp and kill prawn larvae,
once they exceed 31 °C (Ahmed and Diana, 2016).
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5.2 Chittagong Hill Tracts and adjacent coast
The southeast region of Bangladesh consists of hills and upland areas (Chittagong Hill Tracts), as well as long
stretches of narrow beach (Cox’s Bazar and Patenga). It is also home to Bangladesh’s second largest city,
Chittagong. Most of the upland areas contain national forest reserves, as well as the large man-made reservoir,
Kaptai Lake. Farming in the upland hill tract is challenged by flash flooding events that cause landslides and soil
erosion. Along the coastal area of the region, high soil salinity can affect the healthy production of crops.
Although the hill tracts make up 10% of the total land area, only 1% of the country’s population lives here, 90%
of whom live rurally (Unicef, 2017). This region is a post-conflict area, following the Peace Accord signed in 1997
and is home to the indigenous ‘Jumma’ population as well as an increasing number of Rohingya Muslim
refugees fleeing persecution in northwest Myanmar. Around 230,000 unregistered refugees are estimated to be
staying in two camps in Cox’s Bazar and Chittagong (UNHCR, Bangladesh Factsheet 2017). Despite a lower
population density than the rest of the country, this region is home to many vulnerable rural communities.
Infrastructure is poor and livelihoods are not diverse, with only 23% of the land suitable for arable farming
(Badiuzzaman and Murshed, 2015).

5.2.1 Chittagong Hill Tracts and adjacent coast livelihoods
In the rural areas of the southeastern region, the dominant livelihood activity is subsistence farming and casual
labour, often subsidised with external remittances, (WFP, 2017). Farmers engaged in subsistence farming tend
to own very little land (Figure 28) and seasonal migration of workers for wage labour, primarily to India, is
common during times of little employment (WFP, 2017). Forest resources are an essential component of rural
livelihoods in the upland Chittagong Hill tracts (Rangamati, Khagrachari and Bandarban districts) where the
indigenous ‘Jumma’ people engage in traditional ‘swidden’ cultivation. This involves ‘slash-and-burn’ agriculture
where the ‘swidden’ field is dried in January-February time and burned in April, which naturally fertilises the
ground, without the need for manure. During the pre-monsoon rains, rice, fruit and vegetable seeds are then
‘dibbled’ into the ground (Roy, 2000). Traditionally, swidden land was cultivated for a short cropping period of 23 years and then left fallow for a longer period of 5-20 years to allow the soil to recover. However, the
introduction of exotic species as cash crops such as teak, tea, pineapples and rubber, has put pressure on land
availability and led to farmers reducing the fallow period to 1-3 years, lowering productivity (Khaled, 2016).
Farmers pre-dominantly grow aman rice in a single crop or double crop aman and boro rice (Biswas and Biswas,
2014).

Figure 28. Percentage of households operating <0.04 acres of land. Data provided by the Bangladesh Bureau of Statistics (BBS) disaster
database.
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In the coastal areas of the Southeast, shrimp farming is important, especially in Cox’s Bazar. Coastal areas were
traditionally used to cultivate boro rice but have been recently transformed into salt beds at a rate of 18% per
year (Iftekhar, 2006), due to the low production of rice in high salinity soils (Sarwar and Islam, 2013) and greater
exposure to destruction by storms and flooding in this region. Salt farming has become highly profitable in the
last few years. 2016 was the first year where the Government discouraged the import of salt to Bangladesh and
consequently farmers in Cox’s Bazar made a larger profit (Dhaka Tribune, February 2016). Typically, salt farms in
Bangladesh are small and manually operated by all the family (Hossain et al. 2006), and require a supply of
freshwater and protection from storms which can contaminate the salt with sand. Production of salt occurs
from December-April with an evaporation maximum in January-April when temperatures are high and winds are
stronger (Hossain et al. 2006).
To the east of Chittagong, Kaptai Lake is a man-made dam on the river Karnafuli built for hydro-electrical power
generation in 1960-61. Since then it has become the single largest inland capture fishery in the country
managed by the Bangladesh Fisheries Development Corporation (BFDC) (Al Mamun, 2011). Urban areas of
Chittagong are home to more diversified livelihoods which include government, factory employment, tourism,
as well as casual labor (WFP, 2017).

5.2.2 Current and future climate impacts
In addition to experiencing threats from sea level rise and cyclones described for the wider coastal zone, the
greatest immediate threat to this region is flash flooding and landslides (Figure 29). These usually occur from
mid-April to the end of the month, during the pre-monsoon storms and as a result of heavy rainfall during the
monsoon season. This can cause land degradation through loss of soil and nutrients from the hills (Biswas and
Biswas, 2014).

Figure 29. Number of households affected by landslides between 2009-2014. Data provided by the Bangladesh Bureau of Statistics
(BBS) disaster database.

Flash floods in the pre-monsoon season can be problematic for standing boro rice crop and worsen the soil
conditions for planting rice in the swidden fields. Inconsistent rainfall during the pre-monsoon season can also
limit the opportunity to grow aus rice and demands the installation of irrigation facilities for boro rice. An impact
study as part of the HELIX project investigated precipitation extremes over Bangladesh and projected an overall
increase in pre-monsoon rainfall for a range of timescales under a high greenhouse gas concentration scenario
(RCP8.5), albeit with a large uncertainty range (see Figure 30) (HELIX D9.2, 2015: Chapter 4a; Fahad et al. 2017).
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Figure 30. Projected future changes in monthly precipitation (mm) for the 2020s, 2050s, and 2080s with respect to a baseline of 19712000. Adopted from HELIX D9.2, 2015; Chapter 4a, Fahad et al. 2017.

Soil salinity is also a problem in this region, especially during January-June prior to the aman growing period.
During the cyclone season (pre- and post-monsoon), this region experiences storm surges which can affect rice
production on the coast. In response some rice farmers have converted their land into salt pans. Production of
sea salt is dependent on the length of the dry season and the evaporation maximum which occurs in JanuaryApril. Therefore any changes in the lengths of the monsoon season and the winter season will affect the
production of salt (Figure 31).

Figure 31. The impacts of changes in the monsoon season length on the livelihoods of salt producers. From Hossain et al. 2006

Projections of changes in rainfall over Bangladesh do not provide evidence of a shift in the timing of seasonal
rainfall (Figures 22 & 24), although heavier rainfall during the monsoon could wash sand into crops and salt
causing contamination (HELIX D2.9, 2015; Chapter 4a).
Projections of changes in temperature show a consistent pattern of warming over time (See Section 4.2). These
higher temperatures could be beneficial to the salt industry by increasing evaporation over the dry season and
therefore increasing salt production. However, maximum temperatures extending outside of the 25-30 °C
threshold for aman rice during the monsoon season, as shown by in 2050s and 2080s (Figures 14 & 16) could
lead to a lower production of rice in this region. Projections from the HadGEM3 climate model runs for the
HELIX project indicate that an increase in the frequency and duration of exceeding these thresholds over time.
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An impact study for the HELIX project focused on sea level rise (HELIX D9.2, 2015; Chapter 5) projected that the
Chittagong Hill Tracts will experience little impact from sea level rise. However, a study investigating the spatial
variation in sea level trends along the Bangladesh coast for the period of 1977-1998 showed that sea level rise
was highest in Cox’s Bazar at a rate of 7.8mm/year compared to Char Changa (6.0 mm/year), and Hiron Point
(4.0 mm/year) (Singh, 2002). Seasonally, sea level ranges from 0.3-0.5m from highest river discharge during
June-August to lows in January-March (Khandker, 1997). Therefore, any increase in river discharge during the
peak discharge season (June-August) could also make the eastern coast more vulnerable to coastal flooding and
sea level rise. Two HELIX studies conducted under RCP8.5 using 11 regional climate models projected an
increase in magnitude of the median river discharge of the Brahmaputra at the Bahadurabad station from
2050s-2080s (HELIX D9.3, 2016; Part B, Chapter 1, HELIX D9.2, 2015; Chapter 4b). This is supported by Mathison
et al. 2015 who indicate that the river flow in the Ganges-Brahmaputra basin will increase during peak flow
periods in the 2050s and 2080s.
Construction of any coastal embankments designed to defend against higher seasonal sea levels and storm
surges should take into account, not only of sea level rise, but also the frequency and severity of flash flooding
which may threaten the integrity of these embankments (Sarwar and Islam, 2013).

5.3 Haor region
The haor region is bordered to the north by the hill ranges of India-Meghalaya, which make it prone to the
highest rainfall zone annually and is therefore at risk of flash floods and heavy rainfall. The haor basin receives
runoff from rivers during the monsoon and dries up in the post-monsoon period. For 6-7 months during the
monsoon there is extensive flooding and cropped land is completely inundated (Figure 32). As a result there is
only a single boro rice crop season each year (IFAD, 2011), although some areas which escape flooding do
cultivate transplanted aman in addition to boro rice (BBS, 2011). Haors are productive wetland and support
extensive biodiversity which make the region a natural fishing ground. The nature of seasonal flooding leaves
people living in the haor region particularly exposed to climate impacts.

Figure 32. The number of households affected by flooding. Data provided by the Bangladesh Bureau of Statistics (BBS) disaster
database.
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5.3.1 Haor livelihoods
Approximately 8 million people live in the Sylhet (northeast) division of Bangladesh with the majority of these
households depending on rice, fisheries and tea production. 71% of the households in the northeast region are
landless, which, alongside mono-crop (boro rice) cultivation and seasonal unemployment, contributes to food
insecurity here (Sarma, 2010). Rural poor in the haor region rely on cultivation of boro rice crop for their main
source of income, but often need to supplement this with off-farm labour or work in fisheries (Sarma, 2010).
Seasonal flooding during the monsoon for 6-7 months of the year results in high levels of seasonal migration,
predominantly of young males (Sumon and Islam, 2012, Rabby et al. 2011). Animal husbandry has declined in
recent years, due to the conversion of grazing land into rice paddy for cultivation and an increased demand for
land due to growing population density (Gillingham, 2016).

5.3.2 Current and future climate impacts
The main climate hazard in the northeastern Haor region is pre-monsoon flash flooding which occurs in AprilMay. This is caused by a combination local convection-driven rainfall and run-off from the Shillong and
Meghalaya Hills to the north, and the Tripura Hills to the east in India (Gillingham, 2016). These flash floods pose
a significant risk to the standing boro rice crop and typically occur 24 hours after heavy rainfall. In the spring of
2017, for example, flash floods washed away 100,000 hectares of boro rice and caused an increase in rice prices
(Dhaka Tribune, April 2017). Current observations have shown no significant changes in the precipitation indices
in the Haor region from 1960-2008 (Saniruzzaman, 2014). An impacts study undertaken as part of the HELIX
project examined potential changes in extreme precipitation under RCP8.5 using 11 regional climate models
(RCMs) for the 2050s and 2080s. This concluded that for the Northeastern region, there was little agreement on
the sign of change in precipitation for the pre-monsoon period and that changes in rainfall in this region and
season would not be significant relative to the current climatological variability (HELIX D9.2, 2015, Chapter 4a).
If the monsoon floods arrive later than usual, this can delay the planting of the boro crop which in turn delays
the harvest. The result can be a greater exposure of the crop to flash flooding in April-May. This is also a
problem when cultivating higher-yielding varieties of boro rice which typically take longer to reach maturity than
traditional varieties. The late maturation results in a later harvest which exposes the crop to a greater risk of
flash floods in April-May (Sumon and Islam, 2012). The extent of monsoon flooding will also determine how
much surface water is available for cultivating boro rice in the dry season, as farmers typically rely on the gravity
flow of surface water for this purpose as opposed to groundwater irrigation (Sumon and Islam, 2012). Farmers
from this region have reported that monsoon rainfall has evolved away from persistent, prolonged rainfall
towards heavier downpour episodes suggesting a shift in the dynamics of monsoon rainfall (Ahmed, 2013). An
increase in monsoon rainfall would create deeper floods which could leave less land for cultivation, as well as
causing destruction of inland aquaculture ponds in use during May-October which can be overtopped with
floodwater, introducing predators and causing fish to escape (Sumon and Islam, 2012). Greater monsoon rainfall
and increased melting of Himalayan glaciers during the summer period can also cause greater river discharge
resulting in land erosion during June-August which would particularly affect the livelihoods and safety of char
dwellers and people living on the riverine mainland. Preliminary results from an impacts study undertaken as
part of the HELIX project investigated the impact of Himalayan glacial melt on runoff of the Ganges and
Brahmaputra rivers. This study showed that a 1.5-4 °C warming for the 2050-59 period relative to the 1979-2000
period is associated with a large increase in precipitation, but a decrease in surface mass balance of the
Himalayan-Karakoram glacier melt (HELIX D9.2, 2015; Chapter 7).
Monsoonal flooding in this region is also associated with afal (waves) which occur in June-September and can
cause erosion of elevated land (haatis) which reduces the land available for infrastructure, homes and livestock
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(Sumon and Islam, 2012). Although these waves are common throughout the haor region, they are particularly
destructive in the deep haors of Southern Sunamganj, Netrokona and Kishoreganj districts (Ahmed, 2013).
Observational data indicates that the annual average maximum temperature in the region has increased from
1957-2012 by 0.021°C per year (Rahman et al. 2015b). The HadGEM3 climate model runs for the HELIX also
show increasing minimum and maximum temperatures during the growing season of boro rice over time, as do
all the climate change scenarios (see Section 4.2). Increasing temperatures in the climate models are thought to
be the main driver of progressive reductions in the boro rice yield from the 2030s to 2080s, due to increased
likelihood of winter droughts (HELIX D9.3, 2016; Part B, Chapter 2). Higher temperatures could also affect the
survival of fish larvae during the freshwater fishing season which occurs from May-October. Although this region
is not directly affected by sea level rise, annual flooding could never-the-less be exacerbated by sea level rise
which would act to raise river levels downstream at Chandpur (IFAD, 2011). A further compounding factor is
that tectonic activity in the haor region which is causing it to sink by 2-4 mm/yr (Goodbred and Kuehl, 2000).

5.4 North and Central flood-prone zone
People living in the central region of Bangladesh either exist in the riverine mainland or on sandbars formed in
the middle of rivers, otherwise known as chars. These chars form due to the erosion and accretion of the
Jamuna, Padma and Meghna rivers which create sandbars in the river channel, or attached to riverbanks. The
stability of these sandbars, or chars depends on the grain size and the resistance to erosion of the sediment
which forms them. For instance, the chars in the Jamuna and Padma Rivers are more unstable than those in the
Ganges, Padma and lower Meghna Rivers (Rahman and Rahman, 2011). Once chars become vegetated, they are
colonized and used for agriculture (Rahman and Davis, 2005). There are approximately 6.5 million people living
on chars (~5% of the population) (Blitz, 2014). Due to the exposure of chars to flooding and erosion, up to
600,000 people each year are displaced to other chars (Blitz, 2014). People living in the riverine mainland areas
are also affected by riverbank erosion but are relatively less vulnerable than char people because they are
better connected to transport and other services (Alam, 2017).

5.4.1 North and Central zone livelihoods
For people living on char land, subsistence agriculture, animal husbandry and fishing are the main livelihood
activities. The predominant rice cropping on char land occurs in two seasons, boro and aman rice. These crops
are grown for subsistence, rather than to sell. Char land it is an extremely dynamic environment so intensive
flooding and erosion are a constant threat, with people often having to relocate approximately every 2 years
(Blitz, 2014). Char people do not typically own land or capital so moving to the riverine mainland is not possible.
Instead, they rely on selling their livestock and produce as their main source of income in order to do essential
repairs on houses (Das, 2015).
People living in the riverine mainland districts are less vulnerable than char people because they are generally
better educated and have better transport and services which allows them to adapt their incomes more easily
(Alam, 2017). Riverine districts pre-dominantly rely on fish farming as their livelihood due to the good
availability of fish fry and ponds, with one annual culture period occurring from April-December (Ahmed, 2009).

5.4.2 Current and future climate impacts
The major climate hazard to the major rivers and adjoining areas is monsoonal flooding which can cause the
level of rivers to rise. A HELIX study suggests that the mean monthly river discharge for both the Ganges and
Brahmaputra could progressively increase from the 2050s to 2080s, although the uncertainty on these
projections are large (Figure 33) (HELIX D9.3, 2016; Part B, Chapter 1). Greater river discharge can introduce
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large amounts of silt and sand which exacerbate flooding and reduce the soil quality, lowering productivity
(Ahmed, 2013). Rainfall projections suggest that monsoon rainfall could increase in the future (Figure 21, 23)
further exacerbating riverine flooding. For example, the monsoonal flooding in 2017 caused overflowing in the
Brahmaputra-Jamuna River basin across 32 districts in the northern, north eastern and central parts of the
country (Emergency Appeal, Bangladesh: Floods).

Figure 33. Mean monthly discharge of the Brahmaputra river using the SWAT hydrological model (HELIX D9.3, 2016; Part B, Chapter 1)

5.5 Barind and drought-prone areas
The Northwest region of Bangladesh is bounded by the Brahmaputra river to the east and the Ganges river to
the south, and intersected by many other major trans-boundary rivers. These rivers experience their heaviest
flow during the monsoon season and are responsible for replenishing surface and groundwater levels. During
the dry season, surface water is scarce and groundwater provides the main source of water for irrigation and
domestic use. Although this region is not the only area of Bangladesh which suffers from the impacts of drought,
this hazard is particularly important in this area (Figure 34) because it receives much less rainfall than the
eastern side of Bangladesh (Figure 7d) and experiences higher rainfall variability, especially during pre- (MarchMay) and post-monsoon (October-November) seasons (Habiba et al. 2013). In addition to lower rainfall, the
March flow of the Ganges is estimated to have decreased by up to 57% due to the construction of the Farakka
barrage by India in 1975 (World Bank Bangladesh, 1998, Shahid and Behrawan, 2008). The Rangpur division has
the highest proportion of the population in extreme poverty in Bangladesh (Figure 3). Its dependency on
agriculture, irrigation and a high variability of annual rainfall makes it is one of the most vulnerable regions in
the country.
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Figure 34. Number of households affected by drought for the period 2009-2014. Data provided by the Bangladesh Bureau of Statistics
(BBS) disaster database.

5.5.1 Barind and drought-prone region livelihoods
Some of the reasons for the high poverty levels in this region are the poor soil quality, reliance on agriculture for
employment, deep water table and greater exposure to weather and climate impacts (Rukunujjaman, 2016,
Khandker and Mahmud, 2012). There is high seasonal migration from this region (especially Rangpur) due to the
prevalence of landless agricultural workers and lack of non-agricultural opportunities (Khandker and Mahmud,
2012). The population in this region are more susceptible to seasonal hunger (monga) and hence migration to
find jobs and food. This is demonstrated in the highly seasonal food consumption in this region which is more
pronounced in the Rangpur division compared to the rest of the country (Figure 35). The dip in food expenditure
during monga is due to seasonality in income, rather than rice price seasonality (Khandker and Mahmud, 2012).

Figure 35. Seasonality in food consumption in the Rangpur division for 2005 compared to the rest of Bangladesh. Figure taken from
Khandker and Mahmud, 2012.

The main livelihood for people in this region is the production of aus and boro rice, winter vegetables, and fruits
including several varieties of mangoes. The practice of planting mangoes amongst the rice crop is common and
helps to minimize the yield loss which occurs through drought, as well as acting as an important cash crop
(Habiba et al. 2013). Traditionally farmers relied on monsoon rains to cultivate their aus rice crop (Habiba et al.
2013). However, since the expansion of the Barind Integrated Area Development Project in the mid-1980s,
farmers now use groundwater irrigation as the main source of water. As a result boro rice is now the dominant
crop grown in this region (Habiba et al. 2013). All rivers and canals dry up during the winter season and
insufficient surface water is available for irrigation so approximately 75% of the water for irrigation comes from
groundwater, making it instrumental to the survival of crops and people in this region (Bari and Anwar 2000,
Adhikary et al. 2013). Other vulnerable livelihoods in this region include people living on chars who are
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essentially landless and are most likely to adopt coping mechanisms such as seasonal out-migration during
monga (Khandker and Mahmud, 2012).

5.5.2 Current and future climate impacts
The western side of Bangladesh has higher maximum daily temperatures and lower rainfall than the eastern side
(Figure 7a-d). During the summer months, daily maximum temperatures can reach up to 45 °C (e.g. in Natore),
whereas wintertime temperatures can go down to 5 °C in some places in Dinajpur and Rangpur districts (Shahid
and Behrawan, 2008).
The dominant climate hazard in this region is drought. Droughts typically occur during the pre- and postmonsoon season but occasionally extend into the monsoon if there is a delayed onset of monsoon rains (Habiba
et al. 2013). This affects the boro rice crop but can also damage broadcast aus rice crop too (Saha and Barmon,
2015). Recurring droughts on consecutive years can be the most destructive. For instance, the droughts in 1978
and 1979 affected 42% of cultivated land in Bangladesh and reduced rice production by approximately 2 million
tons (Brammer, 1987). Other major droughts in this region have occurred in 1966, 1969, 1973, 1978, 1979,
1981, 1982, 1989, 1992, 1994, 1995, 1998, 2000, 2006 and 2009 which have all caused substantial reduction in
food production (Habiba et al. 2013). For instance, the persistent droughts in the 1990s caused an estimated
shortfall of 3.5 million tons of rice (Saha and Barmon, 2015). It is therefore vital to understand how seasonal
rainfall variability and river flow will change, as this region relies on river flow for surface water and
replenishment of groundwater for the successful production of boro rice.
Seasonally, river flow starts decreasing in October, reaching its lowest flow rate during February-March, which
persists until June. Monsoon rainfall provides the majority of the surface water flow between July-September. In
the long-term, surface water levels have been declining over the 1990s-2000s (Rahaman et al. 2016), as have
ground water tables (1.37 ft/y in wet season and 0.72 ft/y in the dry season (Rahman and Mahbub, 2012)) due
to increasing demand from the shift from traditionally rain-fed aus to irrigated boro crop. The Brahmaputra is
the main source of surface water flowing into this region. A climate impacts study was undertaken as part of the
HELIX project and used 11 regional climate models to analyse the flow dynamics of the Brahmaputra River under
the RCP8.5 scenario (HELIX D9.3, 2016; Part B, Chapter 1). This study projected an increase in rainfall over the
Himalaya’s during the monsoon. As a result the Brahmaputra river median discharge would increase, in the premonsoon months (April-June) by 10-18%, and throughout the monsoon months (July-September) by 7-10% in
the 2050s; and between 11-24% (April-June) to 3-17% (July-September) in the 2080s (HELIX D9.3, 2016; Part B,
Chapter 1). This impact study in the Brahmaputra river also projected that low flow extremes will become less
frequent (driven by greater rainfall) from 2050s-2080s. It should be noted that there were large uncertainties on
these estimates (Figure 33). However, Mathison et al. 2015 also support an increased river flow in the GangesBrahmaputra basin during the 2050s and 2080s. A second impact study, also undertaken as part of the HELIX
project used the same hydrologic model and soil moisture index in the Ganga basin and projected a reduction in
drought conditions and increase in peak discharge from the 2050s-80s (HELIX D9.3, 2016; Part A). However, this
increase in river flow does not necessarily translate into a reduction in drought conditions, as it also coincides
with an increase in demand for groundwater and a steadily declining water table. Although there is potential for
an increase in monsoon rainfall, the inter-annual variability in monsoon rainfall is likely to play a larger role in
determining the surface water available for seasonal replenishment of groundwater, which will then determine
the likelihood of a drought occurring in the rabi season. Long-term depletion of surface and groundwater will
lead to the need to install more deep tube-wells which will increase the cost of irrigation for farmers and have
negative impacts on fisheries (Rahaman et al. 2016).
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Current long-term trends in climate show that annual average maximum temperature has increased by 0.16 °C
from 1994-2013 and the annual minimum temperature has increased by 1.3 °C (Rahaman et al. 2016). This trend
is consistent with the increase in annual minimum and maximum temperatures shown in the HadGEM3 climate
model runs under the HELIX project shown in section 4.2 under RCP8.5 for the 2050s and 2080s. Average
maximum temperatures in the 2050s-80s are increasing above levels previously observed in the baseline period
(Figures 8 &16), which could particularly affect the growth of aus rice in this region which is cultivated at the
hottest time of year. A HELIX project impact study has suggested that boro crop yields will decline in this region
by between -2 and -10% driven by higher miniumum and maximum temperatures, exacerbating drought
conditions in this region (HELIX D9.3, 2016; Part B, Chapter 2).

5.6 Urban Areas
The urban population of Bangladesh currently stands at 34% of the total population with a 3.4% rise each year
(World Bank, 2017). Livelihoods in cities tend to be more diverse than rural areas with many people, (especially
women) working in the garment industry, (especially in Dhaka), a sector which makes up 80% of Bangladesh’s
export income worth $25.5 billion (Masum, 2016).
The steady migration of people from rural to urban environments in order to seek employment and
opportunities and avoid disaster-induced poverty has led to the growth of urban slums (Rabbani et al. 2011).
Most of the income of urban dwellers is spent on food (Hossain, 2011) which means that factors which affect
job security will also affect their ability to buy food.
Flooding is one of the biggest threats to urban residents in Dhaka as it is situated near to the confluence of the
Ganges and Brahmaputra rivers. Additionally, many of the slums are located in flood-prone areas and waterlogging, due to poor drainage, can prolong the effects of any heavy rainfall (Thiele-Eich et al. 2015). In 2004, for
example, severe flooding inundated 40% of Dhaka and displaced millions of people. Flooding can enhance the
spread of disease, especially gastro-intestinal illnesses which can increase the rates of mortality up to a year
following the flood (Thiele-Eich et al. 2015).
A climate impact study was undertaken as part of the HELIX project using 11 regional climate models to assess
the impact of climate change on the frequency, magnitude and timing of extreme discharges and the mean
monthly discharges of Brahmaputra River (HELIX D9.3, 2016; Part B, Chapter 1). This study projected that at the
location of Bahadurabad gauging station the median monsoon discharge during June-September could increase
by approximately 9% by the 2050s and approximately 11% by the 2080s. This result is consistent with Mathison
et al. 2015 who also projected increases in annual mean river flow during the 2050s and 2080s. A similar HELIX
impact study, on the Ganges basin upstream of Bangladesh show considerable uncertainty in water yields
between models, with some regional climate models showing a decrease in annual water yield for the Ganga
basin and others showing an increase in water yield under lower levels of warming (up until the 2050s) (HELIX
D9.3, 2016; Part A). However, under higher levels of warming (up until 2080s), most of the models
demonstrated a significant increase in water yield. Despite these results, it is unclear how changes in river
discharges upstream will translate into downstream impacts in Bangladesh cities due to uncertainty around land
use changes.
Cities in Bangladesh are also subject to extreme heat stress especially during the pre-monsoon season.
Projections of the HadGEM3 climate model runs indicate increases in both daily minimum and daily maximum
temperatures under all scenarios and time periods (Figures in section 4.2). The projections show the lowest
overnight minimum temperatures in the 2050s could be equivalent to the warmest minimum temperatures
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experienced now (Figure 18). High minimum temperatures, especially at night can pose a significant health risk,
particularly to elderly and younger people.

5.7 Summary of regional assessments
A summary of the main livelihoods, current climate hazards, projected future trends, and the potential impacts
these may have on food security in Bangladesh for each of the regions is provided in Table 1.
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Table 1 – A summary table of regional assessments of food security and climate change in Bangladesh from Sections 5.1 – 5.6.
Region

Main
Livelihoods
Rice and shrimp
farming

Current climate hazards

Future climate trends

Potential impacts

Cyclones, storm surges, soil
salinity, drought

Increases in daily maximum temperature
Either increases or decreases in monsoon
rainfall
Potential increases in discharge of the Ganges
and Brahmaputra
Sea level rise

Higher temperatures could exceed optimum growing
thresholds for aman rice and shrimp larvae. Decrease in the
boro rice yield due to prevalence of drought conditions in the
winter
Sea level rise will exacerbate storm surges causing greater
inundation inland

Chittagong
Hill Tracts
and adjacent
coast

Subsistence
farming, casual
labour, salt
production and
fishing

Flash flooding, loss of fertile
soils through erosion, cyclone
and storm damage

Increases in daily maximum temperature
Potential increases in pre-monsoon rainfall
Potential increases in river discharge of the
Ganges and Brahmaputra

Higher temperatures could exceed optimum growing
thresholds for aman rice and fish.
Greater pre-monsoon rainfall is hazardous for standing boro
rice.
Increases in river discharge during peak flow periods could
lead to greater coastal flooding.

Haor region

Fishing, rice
farming and tea
production

Flash flooding, extensive
monsoon flooding

Future pre-monsoon rainfall not shown to
exceed current variability
Potential changes in monsoon rainfall

Changes in monsoon rainfall could cause more flooding, or
delay planting of the boro crop
Progressively increasing temperatures could drive changes in
the boro rice yield.

North and
Central
region

Subsistence
agriculture,
fishing,
livestock

Monsoonal flooding which can
cause rivers to rise

Greater monsoon rainfall causing increased
discharge of the Ganges and Brahmaputra

Greater riverine erosion for people living on chars
Increased likelihood of extensive flooding during the monsoon

Barind and
droughtprone areas

Rice production

Droughts during pre- and postmonsoon season, low surface
water flow

Potential increases in monsoon rainfall
Increase in daily maximum temperatures

Greater monsoon rain is projected to increase the discharge
of the Brahmaputra river but growing water demand may
offset this
Higher daily temperatures could exceed optimum growing
temperatures for aus rice which is grown at the hottest time
of year.

Urban areas

Diverse
livelihoods e.g.
manufacturing
and service
industry

Impacts depend on the location
of the city. Dhaka is threatened
by flooding from the confluence
of the Ganges and Brahmaputra
rivers. Heat stress is an issue
during the pre-monsoon

Potential increases in monsoon rainfall
Increase in daily minimum temperatures

Potential increases in monsoon rainfall leading to greater
riverine flooding could cause more severe flooding, and waterlogging.
Increased nighttime temperatures could threaten vulnerable
people in heat waves.

Coastal zone
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6. Summary
Bangladesh is a predominantly agrarian economy, where approximately 60 million people are food insecure.
There is a complex inter-dependency between the food system, water security and the climate in Bangladesh,
which makes it one of the most exposed countries to the impacts of climate change.
The climate of Bangladesh is warm and humid, with the majority of rainfall occurring during the annual
monsoon period from June to September. The country lies on the delataic plain of three large rivers (the
Ganges, Brahamaputra and the Meghna) which converge before discharging into the Indian Ocean. In addition
to the importance of the annual monsoon rains, Bangladesh is also exposed to land-falling tropical cyclones and
associated storm surges.
The dominant foods farmed and consumed in Bangladesh are rice and fish, which together make up 65% of
calories consumed, and 60% protein intake nationally. Both rice and fish are therefore major focal points of
food security in Bangladesh.
The analysis in this report has considered the impacts of climate change on the food system across the
different regions of Bangladesh, as defined by Bangladesh Government’s Delta Plan. Drawing on a sub-set of
the climate model simulations produced as part of the High-End cLimate Impacts and eXtremes project
(HELIX), this report shows a general trend of increasing temperatures and the possibility of higher levels of
rainfall during the monsoon season. This long term trend is supported by research in a number of climate
impacts studies on food production in Bangladesh, both under the HELIX project and other research.
These studies indicate that future higher maximum temperatures could exceed the optimum growing range
for aman rice and shrimp fry during the pre-monsoon and monsoon seasons but may benefit the salt industry
in SE Bangladesh by increasing evaporation. In contrast, higher minimum temperatures could lead to reduced
boro rice yields as drought conditions are exacerbated in western Bangladesh during the drier, winter months
(HELIX D9.3, 2016; Part B, Chapter 2). Drought conditions can cause fish culture ponds to dry up and
exacerbate soil salinity in the coastal regions which could lead to problems growing aman rice. Higher
temperatures would also mean cities such as Dhaka and Chittagong could experience more frequent and
severe heat stress events over time. The projected changes in rainfall are less certain, but there is concern that
there could be an increase in flooding events in the wetter northeast region of Bangladesh during the
monsoon, with greater river flows from the Brahmaputra and Ganges, threatening char dwellers and riverine
communities in the central Bangladesh region (HELIX D9.3, 2016; Part A and Part B Chapter 1). Although
uncertainty on changes in pre-monsoon rainfall is large, greater variability during this season could lead to
more flash flooding, especially in the northeast and southeast regions affecting the harvestable boro crop.
Increases in river flow would not necessarily correspond to a decrease in drought in the northwest region of
Bangladesh due to the long-term depletion in groundwater in this area. Along the coast, the main climate
change impacts will be sea-level rise, which will continue to be a threat to all coastal districts through
inundation. There is little conclusive research on how climate change could alter cyclone frequency and
intensity in the region, but sea level rise alone would exacerbate the impacts of storm surges and cyclones by
enabling water to travel further inland.
This study indicates that food security in Bangladesh will be challenged by climate change, predominantly as a
result of the direct impacts of higher temperatures, the combined impacts of water scarcity through both
changes in rainfall and temperature and water demand, and along the coast as a result of sea level rise.
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Appendices
Appendix A
This section shows the ensemble spread of maximum and minimum temperature and precipitation over the
baseline period. The data are bias corrected and therefore the spatial patterns are similar but there are slight
differences across the models in their annual distributions.

Figure 36. Plots of average maximum temperature (Tmax) over Bangladesh by month for individual years in the baseline period
(1981-2010), for all five ensemble members. The thicker, black line is the mean profile of all years..
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Figure 37. Plots of average minimum temperature (Tmin) over Bangladesh by month for individual years in the baseline period
(1981-2010), for all five ensemble members. The thicker, black line is the mean profile of all years..

Figure 38. Plots of average maximum temperature (Tmax) over Bangladesh by month for individual years in the baseline period
(1981-2010), for all five ensemble members. The thicker, black line is the mean profile of all years..
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Appendix B
This section shows the HadGEM3 ensemble spread of projected changes in seasonal average minimum and
maximum temperature and seasonal total precipitation for the 2050s and 2080s.

2050s maximum temperature

Figure 39. Maps of maximum temperature (Tmax) change from a 1981-2010 baseline to the 2050s for the DJF season for all five
ensemble members.

Figure 40. Maps of maximum temperature (Tmax) change from a 1981-2010 baseline to the 2050s for the MAM season, for all five
ensemble members.
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Figure 41. Maps of maximum temperature (Tmax) change from a 1981-2010 baseline to the 2050s for the JJAS season, for all five
ensemble members.

Figure 42. Maps of maximum temperature (Tmax) change from a 1981-2010 baseline to the 2050s for the ON season, for all five
ensemble members.

Project 603864

53

Figure 43. Plots of average maximum temperature (Tmax) over Bangladesh by month for individual years in 2050s period, for all five
ensemble members. The grey, shaded envelope represents the Tmax values by month for individual years from 1981-2010, for each
model. The thicker, black line is the mean profile of all years between 2041-2070.

2050s minimum temperature

Figure 44. Maps of minimum temperature (Tmin) change from a 1981-2010 baseline to the 2050s for the DJF season, for all five
ensemble members.

Project 603864

54

Figure 45. Maps of minimum temperature (Tmin) change from a 1981-2010 baseline to the 2050s for the MAM season, for all five
ensemble members.

Figure 46. Maps of minimum temperature (Tmin) change from a 1981-2010 baseline to the 2050s for the JJAS season, for all five
ensemble members.
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Figure 47. Maps of minimum temperature (Tmin) change from a 1981-2010 baseline to the 2050s for the ON season, for all five
ensemble members.

Figure 48. Plots of average minimum temperature (Tmin) over Bangladesh by month for individual years in 2050s period, for all five
ensemble members. The grey, shaded envelope represents the Tmin values by month for individual years from 1981-2010, for each
model. The thicker, black line is the mean profile of all years between 2041-2070.
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2050s precipitation

Figure 49. Maps of total precipitation change from a 1981-2010 baseline to the 2050s for the DJF season, for all five ensemble
members.

Figure 50. Maps of total precipitation change from a 1981-2010 baseline to the 2050s for the MAM season, for all five ensemble
members.
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Figure 51. Maps of total precipitation change from a 1981-2010 baseline to the 2050s for the JJAS season, for all five ensemble
members.

Figure 52. Maps of total precipitation change from a 1981-2010 baseline to the 2050s for the ON season, for all five ensemble
members.
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Figure 53. Plots of total precipitation (ppn) over Bangladesh by month for individual years in 2050s period, for all five ensemble
members. The grey, shaded envelope represents the ppn values by month for individual years from 1981-2010, for each model. The
thicker, black line is the mean profile of all years between 2041-2070.

2080s maximum temperature

Figure 54. Maps of maximum temperature (Tmax) change from a 1981-2010 baseline to the 2080s for the DJF season, for all five
ensemble members.
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Figure 55. Maps of maximum temperature (Tmax) change from a 1981-2010 baseline to the 2080s for the MAM season, for all five
ensemble members.

Figure 56. Maps of maximum temperature (Tmax) change from a 1981-2010 baseline to the 2080s for the JJAS season, for all five
ensemble members.
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Figure 57. Maps of maximum temperature (Tmax) change from a 1981-2010 baseline to the 2080s for the ON season, for all five
ensemble members.

Figure 58. Plots of average maximum temperature (Tmax) over Bangladesh by month for individual years in 2080s period, for all five
ensemble members. The grey, shaded envelope represents the Tmax values by month for individual years from 1981-2010, for each
model. The thicker, black line is the mean profile of all years between 2071-2100.
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2050s minimum temperature

Figure 59. Maps of minimum temperature (Tmin) change from a 1981-2010 baseline to the 2080s for the DJF season, for all five
ensemble members.

Figure 60. Maps of minimum temperature (Tmin) change from a 1981-2010 baseline to the 2080s for the MAM season, for all five
ensemble members.
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Figure 61. Maps of minimum temperature (Tmin) change from a 1981-2010 baseline to the 2080s for the JJAS season, for all five
ensemble members.

Figure 62. Maps of minimum temperature (Tmin) change from a 1981-2010 baseline to the 2080s for the ON season, for all five
ensemble members.
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Figure 63. Plots of average minimum temperature (Tmin) over Bangladesh by month for individual years in 2080s period, for all five
ensemble members. The grey, shaded envelope represents the Tmin values by month for individual years from 1981-2010, for each
model. The thicker, black line is the mean profile of all years between 2071-2100.

2080s precipitation

Figure 64. Maps of total precipitation change from a 1981-2010 baseline to the 2080s for the DJF season, for all five ensemble
members.
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Figure 65. Maps of total precipitation change from a 1981-2010 baseline to the 2080s for the MAM season, for all five ensemble
members.

Figure 66. Maps of total precipitation change from a 1981-2010 baseline to the 2080s for the JJAS season, for all five ensemble
members.
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Figure 67. Maps of total precipitation change from a 1981-2010 baseline to the 2080s for the ON season, for all five ensemble
members.

Figure 68. Plots of total precipitation (ppn) over Bangladesh by month for individual years in 2080s period, for all five ensemble
members. The grey, shaded envelope represents the ppn values by month for individual years from 1981-2010, for each model. The
thicker, black line is the mean profile of all years between 2071-2100.
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Appendix C
This section shows the HadGEM3 ensemble spread of projected changes in seasonal average minimum and
maximum temperature and seasonal total precipitation for SWL1.5, SWL2 and SWL4.
The central year of SWL1.5, SWL2 and SWL4 for each ensemble member is defined as the year in which the 20year running mean of the global annual mean temperature anomaly first passes the specific temperatures of
1.5, 2, and 4°C respectively (for more detail see HELIX D2.1, 2014). The temperature anomaly is calculated
relative to the pre-industrial period: defined in HELIX as the mean of 1861-1880. In WP2 and WP3 of the HELIX
project, the central SWL years are calculated using the raw data from the global climate model simulations and
therefore do not account for the bias in the present day warming between simulations and the estimate derived
from the instrumental record. The impact models in HELIX (and the present study) use bias corrected highresolution simulations (Hempel et al., 2013) and therefore the central SWL years are different to those from
WP2 and WP3. The bias-corrected central SWL years are calculated assuming the observed warming from preindustrial period to the bias correction reference period (1861-1880 mean to 1981-2010 mean) is 0.61°C (Morice
et al., 2012). In accordance with the HELIX protocol, 20 years of data either side of the central year were used to
calculate the projected change at each SWL, the years used are listed in (Table 2).
Table 2 - The central years for specific warming levels 1.5°C, 2°C and 4°C for the high resolution simulations from WP3,
and the 20 year range used for the analysis (in brackets). It is assumed that the observed warming from pre-industrial
period to the reference period (1861-1880 mean to 1981-2010 mean) is 0.61°C (HadCRUT4, Morice et al., 2012)
SST Driving Model
SWL 1.5
SWL2
SWL4
ACCESS1-0
2026 (2017-2036)
2040 (2031-2050)
2081 (2072-2091)
GFDL-ESM2M
2036 (2027-2046)
2051 (2042-2061)
IPSL-CM5A-LR
2024 (2015-2034)
2035 (2026-2045)
2071 (2062-2081)
IPSL-CM5A-MR
2023 (2014-2033)
2036 (2027-2046)
2069 (2060-2079)
MIROC-ESM-CHEM
2020 (2011-2030)
2032 (2023-2042)
2068 (2059-2078)

SWL1.5 maximum temperature

Figure 69. Maps of maximum temperature (Tmax) change from a 1981-2010 baseline to SWL1.5 for the DJF season, for all five
ensemble members. The years at which each model passes SWL1.5 are given in the plot titles.
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Figure 70. Maps of maximum temperature (Tmax) change from a 1981-2010 baseline to SWL1.5 for the MAM season, for all five
ensemble members. The years at which each model passes SWL1.5 are given in the plot titles.

Figure 71. Maps of maximum temperature (Tmax) change from a 1981-2010 baseline to SWL1.5 for the JJAS season, for all five
ensemble members. The years at which each model passes SWL1.5 are given in the plot titles.
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Figure 72. Maps of maximum temperature (Tmax) change from a 1981-2010 baseline to SWL1.5 for the ON season, for all five
ensemble members. The years at which each model passes SWL1.5 are given in the plot titles.

Figure 73. Plots of average maximum temperature (Tmax) over Bangladesh by month for individual years in SWL1.5, for all five
ensemble members. The grey, shaded envelope represents the Tmax values by month for individual years from 1981-2010, for each
model. The thicker, black line is the mean profile of all years between 2071-2100. The years at which each model passes SWL1.5 are
given in the plot titles.
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SWL1.5 minimum temperature

Figure 74. Maps of minimum temperature (Tmin) change from a 1981-2010 baseline to SWL1.5 for the DJF season, for all five
ensemble members. The years at which each model passes SWL1.5 are given in the plot titles.

Figure 75. Maps of minimum temperature (Tmin) change from a 1981-2010 baseline to SWL1.5 for the MAM season, for all five
ensemble members. The years at which each model passes SWL1.5 are given in the plot titles.
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Figure 76. Maps of minimum temperature (Tmin) change from a 1981-2010 baseline to SWL1.5 for the JJAS season, for all five
ensemble members. The years at which each model passes SWL1.5 are given in the plot titles.

Figure 77. Maps of minimum temperature (Tmin) change from a 1981-2010 baseline to SWL1.5 for the ON season, for all five
ensemble members. The years at which each model passes SWL1.5 are given in the plot titles.
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Figure 78. Plots of average minimum temperature (Tmin) over Bangladesh by month for individual years in SWL1.5, for all five
ensemble members. The grey, shaded envelope represents the Tmin values by month for individual years from 1981-2010, for each
model. The thicker, black line is the mean profile of all years between 2071-2100. The years at which each model passes SWL1.5 are
given in the plot titles.

SWL1.5 precipitation

Figure 79. Maps of total precipitation change from a 1981-2010 baseline to SWL1.5 for the DJF season, for all five ensemble
members. The years at which each model passes SWL1.5 are given in the plot titles.
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Figure 80. Maps of total precipitation change from a 1981-2010 baseline to SWL1.5 for the MAM season, for all five ensemble
members. The years at which each model passes SWL1.5 are given in the plot titles.

Figure 81. Maps of total precipitation change from a 1981-2010 baseline to SWL1.5 for the JJAS season, for all five ensemble
members. The years at which each model passes SWL1.5 are given in the plot titles.

Project 603864

73

Figure 82. Maps of total precipitation change from a 1981-2010 baseline to SWL1.5 for the ON season, for all five ensemble
members. The years at which each model passes SWL1.5 are given in the plot titles.

Figure 83. Plots of total precipitation (ppn) over Bangladesh by month for individual years in SWL1.5, for all five ensemble members.
The grey, shaded envelope represents the ppn values by month for individual years from 1981-2010, for each model. The thicker,
black line is the mean profile of all years between 2071-2100. The years at which each model passes SWL1.5 are given in the plot
titles.
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SWL2 maximum temperature

Figure 84. Maps of maximum temperature (Tmax) change from a 1981-2010 baseline to SWL2 for the DJF season, for all five
ensemble members. The years at which each model passes SWL2 are given in the plot titles.

Figure 85. Maps of maximum temperature (Tmax) change from a 1981-2010 baseline to SWL2 for the MAM season, for all five
ensemble members. The years at which each model passes SWL2 are given in the plot titles.
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Figure 86. Maps of maximum temperature (Tmax) change from a 1981-2010 baseline to SWL2 for the JJAS season, for all five
ensemble members. The years at which each model passes SWL2 are given in the plot titles.

Figure 87. Maps of maximum temperature (Tmax) change from a 1981-2010 baseline to SWL2 for the ON season, for all five
ensemble members. The years at which each model passes SWL2 are given in the plot titles.
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Figure 88. Plots of average maximum temperature (Tmax) over Bangladesh by month for individual years in SWL2, for all five
ensemble members. The grey, shaded envelope represents the Tmax values by month for individual years from 1981-2010, for each
model. The thicker, black line is the mean profile of all years between 2071-2100. The years at which each model passes SWL2 are
given in the plot titles.

SWL2 minimum temperature

Figure 89. Maps of minimum temperature (Tmin) change from a 1981-2010 baseline to SWL2 for the DJF season, for all five
ensemble members. The years at which each model passes SWL2 are given in the plot titles.
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Figure 90. Maps of minimum temperature (Tmin) change from a 1981-2010 baseline to SWL2 for the MAM season, for all five
ensemble members. The years at which each model passes SWL2 are given in the plot titles.

Figure 91. Maps of minimum temperature (Tmin) change from a 1981-2010 baseline to SWL2 for the JJAS season, for all five
ensemble members. The years at which each model passes SWL2 are given in the plot titles.
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Figure 92. Maps of minimum temperature (Tmin) change from a 1981-2010 baseline to SWL2 for the ON season, for all five ensemble
members. The years at which each model passes SWL2 are given in the plot titles.

Figure 93. Plots of average minimum temperature (Tmin) over Bangladesh by month for individual years in SWL2, for all five
ensemble members. The grey, shaded envelope represents the Tmin values by month for individual years from 1981-2010, for each
model. The thicker, black line is the mean profile of all years between 2071-2100. The years at which each model passes SWL2 are
given in the plot titles.
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SWL2 maximum temperature

Figure 94. Maps of total precipitation change from a 1981-2010 baseline to SWL2 for the DJF season, for all five ensemble members.
The years at which each model passes SWL2 are given in the plot titles.

Figure 95. Maps of total precipitation change from a 1981-2010 baseline to SWL2 for the MAM season, for all five ensemble
members. The years at which each model passes SWL2 are given in the plot titles.
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Figure 96. Maps of total precipitation change from a 1981-2010 baseline to SWL2 for the JJAS season, for all five ensemble members.
The years at which each model passes SWL2 are given in the plot titles.

Figure 97. Maps of total precipitation change from a 1981-2010 baseline to SWL2 for the ON season, for all five ensemble members.
The years at which each model passes SWL2 are given in the plot titles.
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Figure 98. Plots of total precipitation (ppn) over Bangladesh by month for individual years in SWL2, for all five ensemble members.
The grey, shaded envelope represents the ppn values by month for individual years from 1981-2010, for each model. The thicker,
black line is the mean profile of all years between 2071-2100. The years at which each model passes SWL2 are given in the plot titles.

SWL4 maximum temperature

Figure 99. Maps of maximum temperature (Tmax) change from a 1981-2010 baseline to SWL4 for the DJF season, for all five
ensemble members. The years at which each model passes SWL4 are given in the plot titles. Note that the GFDL-ESM2M driven
model did not reach SWL4 by 2100.
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Figure 100. Maps of maximum temperature (Tmax) change from a 1981-2010 baseline to SWL4 for the MAM season, for all five
ensemble members. The years at which each model passes SWL4 are given in the plot titles. Note that the GFDL-ESM2M driven
model did not reach SWL4 by 2100.

Figure 101. Maps of maximum temperature (Tmax) change from a 1981-2010 baseline to SWL4 for the JJAS season, for all five
ensemble members. The years at which each model passes SWL4 are given in the plot titles. Note that the GFDL-ESM2M driven
model did not reach SWL4 by 2100.
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Figure 102. Maps of maximum temperature (Tmax) change from a 1981-2010 baseline to SWL4 for the ON season, for all five
ensemble members. The years at which each model passes SWL4 are given in the plot titles. Note that the GFDL-ESM2M driven
model did not reach SWL4 by 2100.

Figure 103. Plots of average maximum temperature (Tmax) over Bangladesh by month for individual years in SWL2, for all five
ensemble members. The grey, shaded envelope represents the Tmax values by month for individual years from 1981-2010, for each
model. The thicker, black line is the mean profile of all years between 2071-2100. The years at which each model passes SWL4 are
given in the plot titles.Note that the GFDL-ESM2M driven model did not reach SWL4 by 2100.
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SWL4 minimum temperature

Figure 104. Maps of minimum temperature (Tmin) change from a 1981-2010 baseline to SWL4 for the DJF season, for all five
ensemble members. The years at which each model passes SWL4 are given in the plot titles.Note that the GFDL-ESM2M driven
model did not reach SWL4 by 2100.

Figure 105. Maps of minimum temperature (Tmin) change from a 1981-2010 baseline to SWL4 for the MAM season, for all five
ensemble members. The years at which each model passes SWL4 are given in the plot titles. Note that the GFDL-ESM2M driven
model did not reach SWL4 by 2100.
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Figure 106. Maps of minimum temperature (Tmin) change from a 1981-2010 baseline to SWL4 for the JJAS season, for all five
ensemble members. The years at which each model passes SWL4 are given in the plot titles. Note that the GFDL-ESM2M driven
model did not reach SWL4 by 2100.

Figure 107. Maps of minimum temperature (Tmin) change from a 1981-2010 baseline to SWL4 for the ON season, for all five
ensemble members. The years at which each model passes SWL4 are given in the plot titles. Note that the GFDL-ESM2M driven
model did not reach SWL4 by 2100.
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Figure 108. Plots of average minimum temperature (Tmin) over Bangladesh by month for individual years in SWL4, for all five
ensemble members. The grey, shaded envelope represents the Tmin values by month for individual years from 1981-2010, for each
model. The thicker, black line is the mean profile of all years between 2071-2100. The years at which each model passes SWL4 are
given in the plot titles. Note that the GFDL-ESM2M driven model did not reach SWL4 by 2100.

SWL4 precipitation

Figure 109. Maps of total precipitation change from a 1981-2010 baseline to SWL4 for the DJF season, for all five ensemble
members. The years at which each model passes SWL4 are given in the plot titles. Note that the GFDL-ESM2M driven model did not
reach SWL4 by 2100.
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Figure 110. Maps of total precipitation change from a 1981-2010 baseline to SWL4 for the MAM season, for all five ensemble
members. The years at which each model passes SWL4 are given in the plot titles. Note that the GFDL-ESM2M driven model did not
reach SWL4 by 2100.

Figure 111. Maps of total precipitation change from a 1981-2010 baseline to SWL4 for the JJAS season, for all five ensemble
members. The years at which each model passes SWL4 are given in the plot titles. Note that the GFDL-ESM2M driven model did not
reach SWL4 by 2100.
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Figure 112. Maps of total precipitation change from a 1981-2010 baseline to SWL4 for the ON season, for all five ensemble members.
The years at which each model passes SWL4 are given in the plot titles. Note that the GFDL-ESM2M driven model did not reach
SWL4 by 2100.

Figure 113. Plots of total precipitation (ppn) over Bangladesh by month for individual years in SWL4, for all five ensemble members.
The grey, shaded envelope represents the ppn values by month for individual years from 1981-2010, for each model. The thicker,
black line is the mean profile of all years between 2071-2100. The years at which each model passes SWL4 are given in the plot titles.
Note that the GFDL-ESM2M driven model did not reach SWL4 by 2100.
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