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High-End Climate Change for Speci ¢ Warming Levels
and their Implications in the Ganga River Bagin

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

Introduction to HELIX social science disciplines, in close engagement with

The High-End cLimate Impacts and eXtrefig¢rienced users of climate change information
(HELIX), is a European Union Collabori@®gsisure appropriate focus, clarity and utility.
project started in November 2013, with sixteen

participating institutions lead by the Exeter The research has focused on addressing the
University, UK. guestions “What do’4 C and 6 C worlds look

like in comparison to’2 C?” and “What are the

The rate of future climate change will bec@nsequences of different adaptation choices?”
critical factor in the vulnerability or resilience Bfe core of HELIX work is at the global scale, but
societies to the changing climate, because ongBiffgis an additional focus on three key regions
economic development will affect the sensitivitkBHrope, northern sub-Saharan Africa, and Indian
societies to weather and climate, and adaptafigh-continent). The work presented below is about
measures will require time to be identi ethe application of HELIX philosophy to the Ganga
planned and implemented. Interdependen&ié&er Basin.
between different impacts, both biophysical and

socio-economic, shall make the problem el&iel Methodology
more complex. Eleven high resolution RCM models with

data from 1980-2100 have been used to

HELIX has addressed this situation by providifgtify the Specic Warming Levels (SWLs)
a clear, coherent, internally-consistent view d?faSWL1.5, SWL2, SWL4, SWL6 under HELIX
small, manageable number of “future worl@pjectives. The SWL1.5, SWL2, SWL4 could be
under higher levels of global warming reactidgnti ed but SWL6 could not be identi ed in the
under a range of physical and socio-econoigilable data up to 2100. It is likely that SWL6
circumstances, including consideration of differé@éld have been present in the extended climate
adaptation scenarios, supported by advice dgtp for Asia beyond 2100.
which aspects are more certain and which less
certain. This is being delivered through scienti cThese SWLs have then been used to derive
research across a range of physical, natural igificts on the water resources of the Ganga
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CMIP5 MODELS AND TIME OF PASSING OF A GIVEN SW|

WITH THE RCP8.5 FORCING

Basin. The well-known distributed hydrologicapacts and adaptation for global warming above
model SWAT has been deployed to run withahe. For the purpose, development of coherent,
climate data of the identied eleven regionaternally-consistent global scenarios of the
climate models for the 30 year period around eemmbined natural and human world at 1.5, 2, 4 and
one of the SWL1.5, SWL2, SWL4 levels for ezﬁc%oglobal warming, including time of reaching
this level early (before 2060s) or later (after 2100)
has been carried out under Work Package (WP3),
The outputs of these scenarios have bbesed on a set of selected CMIP5 models that
analysed to evaluate the possible impactsspan a good range of fast/slow warming rates and
some of the important hydrological entities sugbt/dry conditions in the HELIX target regions.
as the runoff, base ow, soil moisture, grouAdsociated timing of passing a specic SWL has
water recharge and actual evapotranspiratioeen arrived at as shown in the Table below.
The impacts have been expressed as change under
various SWLs with respect to the baseline.  Uncertainty in Key Parameters of
Temperature and Precipitation
Speci ¢ Warming Level (SWL) The range of uncertainties can crop up on
HELIX assesses potential climate chargg@®us accounts, such as de nition of greenhouse
gas emissions scenarios with which GCMs
are forced, climate model structure
and downscaling method. However,
presently, the uncertainty in the climate

the models.
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change key parameters of precipitation
Member| Model Ensemble RCP8.5 ge key p precip
and temperature (both minimum and
SRS U B2 S T RS UTRL  maximum) has been considered.
r0 ERA interim . . .
Depicting Spatial Variation at
rl IPSL-CM5A-LR rlilpil 2015 2030 2068 2102 | Annual Level
r2 GFDL-ESM2M rlilpl 2040 2055 2113 2186 The F'gu_re, on Page 5 deD'_CtS the
spatial variation in the projected
r3 HadGEM2-ES rlilpl 2027 2039 2074 2110 future change in annual minimum
r4 EC-EARTH r12i1p1 2019 2035 | 2083 and maximum temperature as well as
precipitation under specic warming
r5 GISS-E2-H rlilpl 2022 2038 2102 2244 levels of SWL1.5, SWL2 and SWL4 with
6 IPSL-CM5A-MR r1i1p1 2020 2034 2069 respect to the baseline scenario for all
the eleven models.
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It may be observed from the gure
that there is appreciable variation
across the models for all the three
entites of minimum temperature,
maximum temperature and precipitation
The change in the minimum annua
temperature ranges between 0.8 fi£2.1

under SWL1.5, 1.3 t0°2.8 C under SWIL

and between 3.3 t0°5 C under SWL
scenarios. It may also be seen that th
variation in the change in the annual
minimum temperature for SWL1.5 ang
SWL2 is relatively lower across thg
models in comparison to the variation
observed across the models for SWL
scenario. (Refer Figure 1)

21

D

Similarly,

the

change

in

the

Figure 1Projected change in annual minimum temperature

maximum annual temperature ranges
between ranging between 0.7 to
1.6C under SWL1.5, 1.1 t6 2.5 C undér

SWL2, and between 2.5 & Binder
SWL4 scenario. It may also be see
again that the variation in change in
the annual maximum temperature for
SWL1.5 and SWL2 is relatively lower
comparison to the variation observed
across the models for SWL4 scenari
(Refer Figure 2)

Higher warming is projected for some
parts of Ganga basin than average glob
warming for SWL1.5, SWL2 and SWI

=2

14

levels both for minimum and maximum

temperatures.

Figure 2Projected 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 specic warming levels. The SMHI-RCA4
RCM with MIROC5 and GFDL-ESM2M forcing do
not achieve speci ¢ global warming leve! 6f 4
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)

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

Figure 3: Projected change in annual precipitation

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 unce?:[g%_t)b'gheSt variation 'between models. in the
bands (ranges) for the Ganga basin - Baseline, RCP8.5 Scenario afmgpéEium temperature is for SWL4 reaching close
global warming levels of SWL1.5, SWL2 and SWL4 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
maximum spread has been found to be 16
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 SWLA4. It can be notegf§ate 5: Projected long term monthly minimum temperature with uncertainty
the order of magnitude of variation between thands (ranges) for the Ganga basin - Baseline, RCP8.5 Scenario at specic

models for the minimum temperature is much mgj@Pal warming levels of SWL1.5, SWL2 and SWL4
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)

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 specic global warming levels of
SWL1.5, SWL2 and SWL4 for the different selected

models. It may be noted that the long-terfy,re 6: Multi model range relative to multi model mean for long term monthly
mean monthly precipitation for all the modatsmperature
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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.

The uncertainty across the models for
precipitation has also been worked out by

] ] o ) ] computing the multi model range relative to
Figure 7: Projected long term monthly precipitation with uncertainty bands

(ranges) for the Ganga basin - Baseline, RCP8.5 Scenario at speci éna%bg]odel mean for different months under
warming levels of SWL1.5, SWL2 and SWL4 baseline, RCP8.5 scenarios for SWL1.5, SWL2 and

SWLA4. 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 signi cant 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
The impacts of climate change have been
qguanti ed on the water resources of the Ganga
Basin using the hydrological simulation. The well-
Figure 8: Multi model range relative to multi model mean for known distributed hydrological model SWAT has
long term monthly precipitation been deployed for the purpose.

8| Policy Brief
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The hydrological model has been run
11 high resolution RCM models, and for 3 S
(1.5C, 8C and %) for RCP scenarios 8.5 (b
corrected), thus taking the number of hydrolog
model simulations, including the baseline, to
for the Ganga basin.

Two important water balance components
water yield and evapotranspiration have been
to quantify the change in these components ur]
RCP8.5 scenario for SWL1.5, SWL2 and
scenarios with respect to the baseline scenari
each of the 11 identi ed models of RCP 8.5. It
be seen from the gure that there is a considera
variation in the water yield (Refer Figure 9)
evapotranspiration (Refer Figure 10) betweer
models. There are some models that are sh

ith
WLs
as
ical
44

i.e.,
used
der
SWL4
D for
may
able
and
the

general increase in the water yield under S

Wg']rfﬁe 9: Projected change in annual stream ow
15

scenario whereas there are some other mg
that are showing considerable decrease unde
same scenario. The REM0O2009 and SMHI
RCM models with MPI GCM forcing show dry|
and CCAM 1391 shows wet bias under Acceg

dels
r the
RCA4
bias
s and

CCSM4 GCM forcing. However, for SWL4 scenario

most of the models are showing signica
increase in water yield except REMO2009
SMHI-RCA4 RCM models with MPI GCM forg

nt
and

ing.

With respect to the evapotranspiration, most

of the models depict marginal to no char

ge

under SWL1.5 and SWL2, however under SWL4

reduction in evapotranspiration is projec

d.

The outcome on the evapotranspiration is quite
complex since there are so many factors su¢h as

temporal distribution of precipitation, CO2 le¥gjure 10: Projected change in annual evapotranspiration
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Figure 11: Projected long term annual precipitation, stream ow and evapotranspiration for different models for
the Ganga basin - Baseline, RCP8.5 Scenario for SWL1.5, SWL2 and SWL4

10 | Policy Brief
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temperature, wind velocity, landuse etc., thssessment of drought severity by indicating
affect the evapotranspiration. The long-teratative dryness or wetness affecting water
values for precipitation, stream ow argknsitive economies. Weekly information has
evapotranspiration for the entire Ganga basinbfeen derived using daily SWAT outputs which in
each of the 11 Cordex models are shown. (Referhave been used for subsequent analysis of
Figure 11) drought severity. Higher water stress conditions
may call for additional irrigation water supplies
Baseline results also depict the WAT@tHagriculture.
reanalysis precipitation data as well as model
results for stream ow and evapotranspiration Most of the models show decrease in drought
using this WATCH reanalysis data, to companeitions under SWL4 except for MPI-M-MPI-
the performance of baseline scenario of variB881-LR_MPI-CSC-REM0O2009 and MPI-M-MPI-
models in reproducing the current conditioBSM-LR_SMHI-RCA4 models. Similar variations
It can be seen from the gure that simulatede seen under SWL1.5 and SWL2 wherein two
evapotranspiration is higher by 30 to 40 mmmnodels show increase in drought events while rest
all 11 models. All models except IPSL-CM5A-dfifhe models show decrease in drought events.
SMHI-RCA4 replicate the current precipitation

reasonably well. Uncertainty increases towards

SWL2 and SWL4, especially in MPI-M-MPI-ESM-
LR_MPI-CSC-REMO2009, MPI-M-MPI-ESM-LR_
SMHI-RCA4 and NOAA-GFDL-GFDL-ESM2M_
SMHI-RCA4 models.

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 oods. The
precipitation, runoff and actual evapotranspiration
have been selected from the available mpdel
outputs to analyse the impacts in terms |of
droughts and oods.

Drought Analysis

Drought indices are widely used for tfégure 12: Projected change in extreme weather event - Drought

Policy Brief| 11
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Figure 13: Projected change in Peak discharge leading to oods

However, situation is likely to become betterviarious sub-basins of Gnaga.

SWL4 scenario for most of the models. However,

it has also been seen that the uncertainty inThere is a good agreement between the models
some of the models is much under SWL4 scemarithe magnitude of peak discharge for all speci c
(Refer Figure 12) warming levels.

Peak Discharge Analysis Comparison of model response to ood
Projected change in peak stream ow oodsnditions for the Ganga basin has also been
has been carried out using the daily out aslown as box plots in gure 14. It may be noticed
discharge taken for each sub-basin from that performance of some of the models is quite
SWAT output. These discharges have bieifar under SWL1.5, SEL2 and SWL4, whereas

analysed with respect to the maximum anns@me 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 OptionsAlthough, water is at the core of these issues yet
Having made the detailed analysis, the neagriculture, forest, health, environment, climate,
question that needs to be addressed is thsdcial, and economic issues need to be considered
how this information can feed into the policyo assess the vulnerability of an area under the
formulation so as to help the policymakers iclimate change conditions. Therefore, integration
making choices that can be useful for the socidtythe key to success and creation of information

Adaptation to climate change is a response thafrastructure is the major requirement.

seeks to reduce the vulnerability of natural

and human systems to climate change effectsiformation Framework

However, arriving at adaptation options that Creation of infrastructure framework that
are sustainable is a very involving and compkhall be able to encapsulate majority of the
process because of the interaction of many bigsues described above and which shall act as a
physical and socio-economic aspects that decidesilitator to provide a framework for integration,
the outcome and effectiveness of such optiongdanning, monitoring and assessment. A typical

Policy Brief| 13
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framework should revolve around water sector integrating methodologies
by incorporating the Integrated Water Resources An ‘Allocation Equity Guide’, providing
Management Cycle and should include the guidelines to support stakeholder
following methodologies which can be operated negotiations
in conjunction with support tools. Formulation, Environment impact assessment
implementation and maintenance of such a methodologies, primarily in relation to
framework is truly in the realm of research and biodiversity and water quality
must be taken up at the earliest at the state level. Poverty reduction impact assessment
methodologies, addressing the questions:
Some of the components and functionalities of who are the winners and losers of these
such a framework are: policies? Will the outcomes of the policy
o Hydrological assessment of all water uses instruments bene t key poor and vulnerable
and users within a catchment including  groups?
surface water groundwater interaction o Monitoring and evaluation. The impact
o  Catchment Stress Assessment to determine assessment methodologies outlined above
as to what extent the catchment is not  will also provide the basis for monitoring and
meeting water demands and aquatic evaluating the socio-economic, poverty
ecosystem requirements and water resource outcomes of manmade
o  Strategic Environmental Assessment to interventions.
identify the economic returns and
employment opportunities that arise &uch a framework should be able to effect
potentially could arise from water use in tkenvergence of scales to encompass the
catchment interventions being made at various levels. The
o  Methodologies for contextual analysidfective adaptation measures to climate change
(forest and water narratives, beliefspacts shall only be possible through reliable
underlying policy) simulation of the future conditions which such a
o Web and GIS based dissemination tootsnmon framework offers.
incorporating Blue and Green water

14 | Policy Brief
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Adaptation Efforts and Policy Guidelines for
Bangladesh

Introduction

Industrialization, population growth and depletion of natural resources as a redelfeddpment are
threatening our ecosystem over the globe. Climate change is the resuieofiéivelopmental activities.
Climate change impacts every aspect of our-ifeod security, supply of fishes, forest and all natural
system. Climate changensw 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 tharttheystem

is warming and that much of this warming is very likely due to human activitnesheentioned it as a
“settled fact”. More new studies confirmed higherdis of GHG emissions for the last decade (Peters et
al., 2011). The researches at the global and rediewels demonstratelsigherimpacts of climate change

on keyproduction systems, natural resources and communities (Ravindranth et al.,TR@LBCC has
projecteda globalaverage temperature risel@tween 3.5C and 6°Qelative to prendustrial timesunder

a highemissionsscenaridoy the end of 2% century (PCC, 2013. Approximately 2C of global warming

has already occurredl| these new ah ongoing studies, observations and models suggest more threats
from climate change and thought to happen much earlier and severer than it wastthbaght

Climate change imbalances a country and its naturabgstems i.e. forests, river basins, sazl and
sociceconomic systems through agriculture, fisheries, irrigation and power tsrdgerch changes come
through the changing temperature patterns, risingeseds, and the intensification of natural disasters,
affecting livelihood systems concerned with agriculture, water resourcesaaitdtien, forests and
biodiversity. It is well accepted fact that the poorest are the mostlyeadffaod are the least able to adapt
(Parry et al., 2007; Black et al., 2011). This is due to their direct rel@meatural resources and their
livelihoods. A developing country like Bangladesh is to suffer more for severe ailitgrto its natural

as well as socieconomic system due to disruption of livelihoods as a result of climate changmsVict
are supposed to be the poor of the country, as the country is not developed enough in allPaspe&ts.
and Narayanar2Q05 focusedthat socieeconomic systemtypically aremore vulnerable in developing
countries where economic aimgstitutional circumstanceare lessavorablé.

Bangladesh is not an exception and is one of the most vulnerable countries to climgte Chee to
physiographicalocation,this country is going to be the worst hit place on the planet from extreme climate
events such as droughtigods, heavy rainfall, tropical cyclones and storm surges (Rawlani & Sovacool,
2011) There is growing evidence and feeling that Bangladesh is already undehgoeftetts of climate
change Rahman et al., 2009As perclimatic 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 enhigraces t
confluence of the Gang&rahmaputravieghna (GBM) basin, so increase in flood hazasdako very

likely to occur (Olsen et al., 201L.5The impacts of climate change are already evident worldwide, but the
extent depends mostly on development factors like poverty, social stratifigaslitical perplexity, etc.
(Ayerset al.,2014). We are fdmg, 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 terapetss risen by around

1°C over the last century. We are seeing less cold winters and hotteesymsing of sea levels in the
coast by around 3 mm a year and feeling the changing rainfall patterngedtency of heavy rainfall,
flooding and lightening over the several parts of Bangladesh is on increase and can dexdieme
climatic conditons. Bangladesh is a poster child of the potential impact of climate change.



Those changes are already affecting the agriculture sector gfaglash by flooding, drought and wind
storm. Food production and food security are most vulnerable to risitegrgeraturegVassmann, et al.,
2009a) In terms of risks of increasing heat stress, current temperatures ady approaching critical
levels during the susceptible stages of the rice plant in Bangladesh in-Maef\WWassmann, et al.,
2009a) Sea water inundation has become a major problem for traditional agriculBaegradesiiEnsor

& Berger, 2009)The vulnerability to tropical cyclones in Bangladesh is also signifigdnt1999) and
this vulnerability would increase due to climate change (Dasgupta, et al.,(R@iid) & Mimura, 2008)
This impact will be more with addition of sea level rise. It is predicted that 27 mikiopl@ will be at risk

for sea level rise by 2050 and this is more than double since(@l@kler, 2011future climate change

is not certain. No doubt this country will face increased temperataréhe changes in temperature are not
same at the periods of 2030, 2050 and 2080 etc. As this climate change will continue, so tloé levels
impacts and exposure of vulnerabilities would be different.

The frequency of heavy rainfall, flooding and lighing over the several parts of Bangladesh is on increase
and can be due to extreme climatic conditions. Bangladesh is a poster child fpotehtal impact of
climate change. It is a least developed country, recognized by the UNFCCCadglmenost ulnerable
countries to climate change impacts. Among other things, cyclones, floods antesattwadation already
threaten the livelihoods of some of the world’s poorest people. 79% of Bangladeshisunz areas, yet

the country has one of the world’s highest population densities 1015 pedpéskmer Population and
Housing Census 2011 (BBS, 2011). The increased intensity and frequency of hazards ueddmhatier
change scenarios is a major challenge for development, and a significanttbatsigision of eliminating
poverty and becomingraiddle-income country by 2021.

Helix —High-end Climate Impacts and Extremes

Climate change impacts need to predict for design plans and programs to aflaptdéoconditions. The
climate change impact systems must be modeled and simulated. For that we neadd¢ante the future
climatic world equipped with the best scietifools, techniques and knowledge to ascertain the changed
climate evidence of the warming world and take-bsked decision approaches to meet and decide how to
respond Helix — High-end Climate Impacts ariixtremesis a worldclass independent reseantoject
funded by the European Union’s Seventh Framework Programme for research ggicahdevelopment

and demonstration under the grant agreement no 603864 to model and simulate future speuifiz war
levels and their impacts upon the natural anciadsystem of Bangladesh. Bangladesh University of
Engineering and Technology (BUET) is one of the 16 international partners gaouiriuture climate
change research considering regional contexts of Bangladesh climate flomeespecific warming leat

of climate under the Helix project. This kind of methodological research fogl&esh is almost first to
carry out for the country. Helix is to assist decismakers and the research community in making
adaptation to the changing climate more undedible and manageable by providing a set of credible,
coherent, global and regional views of different worlds atifipdevels of global warmingf 1.5°C, 2°C,

4°C and 6°QCelative to prandustrial.

Bangladesh is highlgroactive in challenging thdimate change together with the global community and
joined the 195 countries and signed the historic Paris Agreement COP21 in December 20a48eB8ang
strongly supports the implementation of the Paris Agreement on climate crahbelieves thdtHolding
the increase in the global average temperature to well below 2°C abeweystial levels and to pursue
efforts to limit the temperature increase to 1.5°C” will require the rightipsliand evidences on how they
are working. The UN Sustainability Development Goals and the Bangladesh Govesniumiéstipports
and efforts to fully comply with these global initiatives and commitments arelydenefit the climate
efforts in Bangladesh bringing wellbeing and equality of the society arehtheonmat. It is essential to
predict climate change impacts to design, plans and programs to adapt ferchiéinges to increase
resilience and reduce climatic risk as much as possible.



Climate Change Projections for Bangladesh by Helix and Impacts

TheHelix Climate Projections for Bangladeate projections of future changes to the climate in
Bangladesh to the end of this century. These are based on the strongatst stience to date. The
projections are intended to give government and atfganizationevidence to help them take informed,
costeffective and timely decisions to prepare for the changing climate. Theyeatedto be used by
people working in all sorts afrganizationsn Bangladesh and the information is to be provided in IWFM
Webpage.

Temperature and Precipitation

Eleven Regional Climate Models show tha average Bangladesh summer temperature is likely to rise
from 3.24°C to 5.77°C by the 2080s (Fahad et al., 20Ifiough there is uncertainty but no doubt
temperature will increasa future and greater warming is expected in Bangladesh. Thewestland the
southeentral part of Bangladesh are projectedxperience a greater temperature rise in fudncka 12%
increase of mean rainfall. Possible changes in rainfall are alsbiteghboth temporally and spatially.
Bangladeshis projected toface 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 Rangpu
districtsare projectedbe 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 ltainifadecrease by up

to 8.22% over the south west (SW) of Bangladesh (Fahdd 20&7.

Sea Level Rise

Projected sedevel rise and inundation pattera® projected considering existing polders with an average
height of 4.53 m above mean sea leldider the higkend climate scenarios RCP 8B mean sea level
estimate fo Bandadesh coast is to rise will be varying fra@b0 mto 1.00 m andextreme cases (by
considering subsidence and rapid collaps&rdérctica ice sheetsip to 1.50 m where % of inundation of
coastal area is to be 4.3%, 8.4% and 11.30% respectively (Tazkis2617. 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 |
(Tazkia et al.2017%. It is not possible to align particular magnitudes of sea level rise with speudis le

of global warming, since the full response of sea level to warming is mawhrslon the order of centuries.

Extreme Events - Floods

Extreme weather events are likely to become more common as our climate changégyiBows and
low flows for the Brahmaputra, th@angesand the Meghna angrojectedto increase. Changes in % for
variation of high flows and low flows for the Brahmaputra pr@ectedto be 4% and 3% for 196, 5%
and 10% for & and 22% and 22% for°@ (Mohammedet al, 2017. Frequencies and intensities of
extreme floods are to increase leading to generation of high water level, inoratad flooding all over
the country especially at few hot spots and pockets of the country. Flash flood aneasigon floods
might increasan haor areas and in some border areas due to heaviinmoroccurrence of rainfall.
Monsoon however is to be wetter and floods generating. However, we must also canbeygepared
for both hot summer and cold winter for naturaliahitity in Banglalesh weather.

Agriculture

The yield trends of Bangladesh in terms of Boro and Amaprajectedto gradually decrease from 2 to
15% at specific warming level of PG, 5 to 20% at specific warming level di2and 5 to 25% at specific
warming level of 4C. This impact is more on Boro crop than Aman crop (Hasan et al.). Z0%e7districts
of Sylhet, Sunamganj, Moulvibazar and Hobiganj are to experience crop loss of 2% &t s@Eeaiing
level of 1.8C, 2% at specific warming level ofQ and 7% at speaif warming level of 4C. The Southern
Region of the country iprojectedto taste loss of crop yield of Boro and Aman ric&B%6 at specific
warming level of 1.8C, 810% at specific warming level oPQ and 1612% at specific warming level of
4°C. The sothcentral region of coastal zone of Bangladesprigectedto suffer yield loss of Boro and
Aman rice 1012% at specific warming level of G, 1821% at specific warming level of@ and 21
28% at specific warming level of@. The northern region of Bangladesh is to suffer yield loss of Boro



and Aman rice 4% at specific warming level of°C.54% at specific warming level oP@ and 10% at
specific warming level of &. 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 ettteoéfflimate change on our
economy, infrastructure, society and environment will vary from place to plaeseWwill depend on how
well we all plan for and adapt to climatkanges.

Vulnerability for Coastal Bangladesh

The coastal Bangladesh is one of the hot spots of climatic variability, aineaely climate change impacts
are being felt by the coastal community comprising mostly of poor layéhe gbciety. An assessment of
vulnerability of coastal Bangladesh due to climate change was carried it Hglix project considering
future (2050) climatic changéBala et al., 201/ The concepts of exposure, sensitivity, and adaptive
capacity were used for analysis of both present and future (2050) scenario vulnerabgitychanged
climate of coastal belt. Composite vulnerability indexes through translation otrivain values
demonstrate severity of future vulnerability of climate change. Severe futlrerability (250) of coastal
upazilas due to climate change hasrbeereased by ten folds to 93 coastal upazilas from 9 upazilas.
Coastal Bangladesh is comprised of 140 upzilas. So, almost entire codstadlbe hugely affected
with high vulnerability. Similagt, the number of moderate and low vulnerable coastal upazilas has been
reduced hugely for the future scenario than the present one fraix§onine) and 62 §ixty-two) upazilas

to 26 fwenty-six) and 21 fwenty-ong upazilagespectively. Future vulnerability for 2050 has been shown
in Figure 1.



Figure 1: Coastal Vulnerability Index for Future Scenario for Coastal Bangla@sh.

Adaptation Options for Specific Warming Levels

The United Nations Framework Convention on Clim&@ieange (UNFCCC) defines adaptation as
“adjustment in natural or humaystems in response actual or expected climatic stimuli or their effects,
which moderates harm or exploits beneficial opportunities. Various types of tmlaptan be
distinguished, including anticipatory and reactive adaptation, private and public adaptation, and
autonomous and plannadaptation” (PCC, 2014). Adaptation is an important tool necessary for enhance
resilience to get ready communities, regions, countries and sodtetieeeting up the consequences of
climate changeAdaptation is very much related with climate change bearing a charactefiséipidly
growing science embarking almost all sectors and semdmomic set ups.

The concept of adaptation has been gradually developed under the umbrella of the UNFC&C and i
importance was ascertained i tRali Action Plan in 2008. ACOPL5 Copenhagen in 2009, it was agreed
upon that “enhanced action and international cooperation on adaptation is urgently requirecetthensur



implementation of the Convention by enabling and supporting the implementation of ataataitbns
aimed at reducing vulnerability and building resilience in developing courggpscially in those that are
particularly vulnerable, especially least developed countries, sstaalld developindgstates 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 worldorTdre po
the most vulnerable exposed to the climate change. The country is economaaihggapidly being and
economic, social and ecological cost dueltmate change is to be huge. As evident from previous write
up, the country is set to undergo severe climate change impacts, which arette ltvelopmental
progress as well as enormous sufferings and loss.

So, adaptation is crucial for survival thfe country. The country also needs to keep up with the global
community and its negotiations, strategies promoting adaptation to the projéettsl @ climate change

as per Helix findings with specific warming levels. Adaptations become morplex when warming up

of globe is to surpass 1.5°C, 2°C and 4°C bringing unimaginable consequences for the world an
Bangladesh, where adaptation is the main option to take up.

The development of proper and adequate adaptation strategies in time and saggeanthpm from the
effects of climate change is of utmost importance. Bangladesh beatb-gentric development strategies

and climate change issues also have followed a groeritric pattern. The Bangladesh government has
been actively working towanceducing GHG emissions and developing adaptive capacity, with adequate
policies and programmes. Adaptation needs to be exemplified by more innetattegies, incorporating
climate change into all existiramd future developmental programnoéghe coutry whilst alsacontinuing
separate policiesn low carbon energy anddaptation. Here priority is to be given upon the poor and
vulnerable sectors keeping in mind the income generating livelihoods and employnpardrf promoting
infrastructure growthgenerating environmental services; conserving natural resources; and reducing
vulnerability to climate risks.

Future climatic world needs to ascertain changed climate evidence dlebéabwarmingoverthe 2F
century. Helix is to assist decisiomakes and research community in making adaptation to the changing
climate more understandable and manageable by providing a set of credible, cgleyahaind regional
views of different worlds &t.5°C,2°C, 4°C and 6°C. They are to be used by people wgtiki all sorts of
organizationsn Bangladesh.Future climatic world needs to ascertain changed climate evidence due to
specific warming level 0£.5°C, 2°C, 4°C and 6°C for the 2¢entury

Here some adaptation options are proposed in line with Bp&a@iming level of future Bangladesh
corresponding to 1.5°C, 2°C and 4a€d sea level rises of 0.5m, 1m and 1.8ns extremely difficult to
foresee adaptation approaches for such specific warming levels formtifectors. Adaptation options are
to be changed gradually before onset of slow warming up of specific level. Adaptafiatieacto be
necessary for different specific warming levels are describes in Table 1 &5Tabl



Table 1: Adaptation Options for Inundation due to Sea Level Ris€SLR).

Impact (Tazkia et al., 2017)

Inundation 0.5m SLR 1.0 m SLR 1.5m SLR
Inundated coastal area excep| 2000 3930 5300
polder protected (kR)

% of coastal area 4.3% 8.4% 11.3%
Affected Population, million | 2.5 6.0 8.0
(based on based on current

population)

Adaptation

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 (IAAcropfishery
aguaculture).

Enhanced monitoring &
evaluation, Operatio&
maintenance of coastal polder
Relocate, Retreat, Enhanced §
Flexible Risk Transfer
(Insurance) policy, Intensive
Floating Agriculture,
Alternative Livelihoods;
Intensive integrated agriculture
aquaculturel@A -cropfishery
aquaculture), Adoption of me
techs and critical knowledge.

5.enhanced Floating Agriculture,
L Alternative Livelihoods via

Adoption of new techs and

Relocate, Retreat, Enhanced &
Flexible New Insurance policy,

integrated agriculture aquacultu
(IAA -cropfishery-aquaculture),

critical knowledge.

(€



Table 2: Adaptations Options for the Sundarlans

Impacts (Tazkia et al., 2017)

million (based on current
population)

Inundation 0.5m SLR 1.0 m SLR 1.5m SLR
Inundated coastal area | 2000 3930 5300

except polder protected

(km?)

% of coastal area 4.3% 8.4% 11.3%
Affected Population, 2.5 6.0 8.0

Adaptation

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 (IAAcropfishery
aguaculture).

Enhanced monitoring &
evaluation, Operatio&
maintenance of coastal polder
Relocate, Retreat, Enhanced §
Flexible Risk Transfer
(Insurance) policy, Intensive
Floating Agriculture,
Alternative Livelihoods;
Intensive integrated agriculture
aquaculturelAA -cropfishery
aquaculture), Adoption of me

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

techs and critical knowledge.

€



Table 3: Adaptation Options for Storm Surges

Impacts (Rahman et al., 2017)

Inundation Cyclone Only Cyclone & 0.5 m SLR Cyclone & 1.0 m Cyclone &1.5m
name cyclone SLR

Inundated coastal | SIDR 1484 3380 5777 7588

area except polder

protected (krf) AILA 1999 4226 6216 7497

Affected population,| SIDR 1.90 4.1 7.0 9.10

(million) AILA 2.3 5.1 7.5 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
et al., 2017)

Crop loss for 1.8C Crop loss for 2C

Crop loss for £C

The districts of Sylhet 2% 2% 7%

Sunamganj, Moulvibazg

and Hobiganj

Adaptation Shortterm flood tolerant crop varietiesincreased submersiblg More focus on technologic:

embankment height, diversified agriculture, hard and soft appro3
built up earthen high spots in haor areas for cutting paddy, Imp
flash flood warning & dissemination, community based adaptat
livelihood diversifications, dredging dfiaors and drainage networl
Changing of sowing time, technology like rubber deamstruction
floating agriculture, introduction of tower type agriculture, commu
based fishery, participatory management of submersible embank
intensified monitoring, evaluation, operation and maintenanc
submersible embankments, risk tramdike insurance.

cadgfion like more rubber dan
avea technology introduction, Up
to date flash flood warning ar
dissemination, use of effecti
agricultural inputs, Insurand
and other tools for risk transfer
ents;

Southern Region 8-12% 8-12% 10-12%

Adaptation Changing cropping pattern likBoro, T. Aman /salt tolerant jutel More focus on technologic:
WheatMug dal (Pulse) etc., Short durationoB varieties, Shor| solution, new  technolog
duration and salt tolerant crop varieties, low consumptive and | introduction, use ofeffective

duration crop varieties, excavation of mini ponds and surface
harvesting for supplemental irrigation, selection of suitable date fo
transplantation. Risk transfer like insurance, introduction of salt tol
crop like jute, sunflower, etc.

agricultural inputs, Insurance
I and other tools for risk transfer
brant

The coastal @ane of south
part of Banglades(SC)

10-12% 18-21%

21-28%




Adaptation

Flood resilient crop storage, foq
preservation, homestead gardening,
and flood tolerant crop varieties wi
short duration, changing croppir
pattern, raising of homesteads, coa
vulnerability zoning, diversifieq
livelihoods, conservation of coasbio-

diversities insurance and other tools for

risk transfer, aquaculture, integraf
agriculture and aquaculture etc.

coastal vulnerability zoning, planning and rehabilitation
relocation, plantation of local saline resistant seeds and sp,
bolgering existing livelihood patterns, global fundir
migration, relocation, coastal action plan and, enha
insurance and other tools for risk transfer, aquaculture
tolerant crop varieties, etc

ecies,

Northern region

4%

7% More than 7% but not specific

Adaptation

Changing cropping pattern likgoro-T. Aman, ChilltT. Aman, Maizel More focus on technologiti
T. Aman etc., Short duration and cold tolerant Boro rice varig solution, new  technolog
Submergedtolerant rice varieties during harif season, Drough introduction, use ofeffective
tolerant rice varieties duringharif, Short duration pulse varietiesagricultural inputs, Insurance
BARI Mug-6, Cultivation of wheat for water use efficiency, selecti@amd other tools for risk transfer].
of suitable date for rice transplantation. Risk transfer like insuranr]




Table 5: Adaptation Options for Flood for SWLSs.

drainage, raising floor
house, greening roofs,
floodwater retention like
floodplain restoration an

land usechanges,
improved flood

forecasting and warning

system, floodplain
zoning, settlement
relocation

groundvater
recharge, wetlang
restoration, Use 0
$urface water.

enhance drainage
network, dredging
of river, increase
floodwaer

retention, capacity
enhancement of
flood forecasting

groundvater
recharge, wetlang
restoration, Use @
surface water.

Impact | Change in % for 1% Change in % for% Changen % for £C
(Moha | 4igh Flow JHigh Flow  [Low Low [High  [High [Low Low |High |High [Low |Low
mmed Magnitude|Duration Flow Flow [Flow Flow [Flow Flow [Flow [Flow Flow [Flow
etal, MagnitudDurationfMagnitudDurationMagnitudDuratiorfMagnitu|Duration |[Magnitu|Duration
2017) e e e de de

Brahmapy 4 26 3 -8 5 36 10 -16 22 137 22 -50

ra River

Meghna |9 22 3 -16 12 43 11 -21 42 107 32 -60
River

Adaptatiol raising dykes, upgradingConservation andraising dykes, Conservation and Conservation an

groundvater
recharge, wetlan
restoration, Use
surface water.




Climate Change Adaptation Efforts in Bangladesh

National policy efforts

Adaptation is the main step to prepare for the potential effects of climate changdl ae better protected
againstconsequenceke flooding, cyclone, salt water intrusion, etc. The earlier we plan for adaptati
the less it will cost and the better equipped we will be to cope with potentigleshdne to climatic hazards.
Mitigation is to be done by them who are responsible for carbon emissions and to ke igoois some
intended contributions as per UNFCCC norms and settings.

Specific warming level deals with the future and it is to be happened theree\gegar for incorporation

of adaptation into developmental programmes so that it gets embedded in albiexcisns. Adaptation

is to be considered from two viewpoints - adaptation to current and future climateligridbiper Parry

et al., (208), there are three types of adaptation measures, which might be descréuiicipatory
adaptation or proactive adaptation, autonomous adaptation or spontaneous adaptation and plann
adaptation. Bangladesh being a high vulnerable country has been on autonomous adaptatioresince t
immemorial. Planned adaptation takes place on a medium agiklon basis. It is a policy based decision
based on consensus to maintain or achieve a desired goal and state for a country arsdaglobhele
Planned adaptation to climate change is being implemented at global, kegatiwamal, local level and
through five year plans by various policy programmes and developmental axtivitghort, medium and

long term basis. To go for adaptation considering specific warming feeelium and long term planning

IS necessary.

Haq et al. (2008) grouped policy responses to climate change in Bangladesh into aationarnational
category. National policy responses were divided into four groups such as vulneradilittion; disaster
management and climate risk management; mainstreaming climate change@hprdent and national
planning and climate change policies, planning and institutions. Internatiorg pedponse options are
the United Nations Framework Convention on Climate Change (UNFCCC) and climate @dwivities
in selected donor strategies.

Bangladesh has good number of policy response options concerned to climate changedifidatly i
address the impacts of climate change through specific actions and progriékerpeserty alleviation,
employment generation, crop diversification theduces vulnerability and directly through disaster risk
reductions activities related to climate change and extreme eventalsartdrgeting climate change by
mainstreaming climate change into sectoral plans and national policiesa@zsighave and had projects
addressing food insecurity and food production shortfalls by crop diversificatidngeneration of
alternative employmenbpportunities at community development, agricultural development, credit
facilities, and infrastructure improvement. Social safety nets, fish lamohs production for domestic
consumption and exports, food for work, gender sensitive job generations, partycipatagement of
resources employing community, etc. are promoted for rural povemyiaibn and employment
generation. All these developmental programmes and activities play impoostive role in enhancing
resilience of the poor at bottomyers of society.

Bangladesh has a Participatory Disaster Management Programme (PDMPa Yatus on disaster
management and prevention, and also adaptation to climate change. This isappsoéch to reduce the
impacts of disasters, based on prepaess, like awareness raising to reduce disaster risks and losses, tc
strengthening capacity for disaster management; enhance knowledgellsnaf sikihandling disasters;
establishing disaster action plans in the most dispsbere areas; promoting lakclevel risk reduction
measures; and improving early warning systems (Kelkar et al., 2007).



In 2003 Bangladesh established a Comprehensive Disaster Management Pro@t&iviRg refocusing

the government towards greater emphasis on disaster preparedness and risinréeiDMP has several
disaster management components, where an integrated approach is takeateoatiange and disaster
management. CDMP has three main areas of focapacity building of the Ministry of Environment and

the Department dEnvironment to coordinate and mainstream climate change into their existing activities;
to strengthening existing knowledge and information accessibility on irppeditction and adaptation and
awareness raising, advocacy and coordination to promote climate changdi@damtia development
activities.

Department of Environment (DOE) has a ‘climate change cell’ for governoagacity building for
coordination and leadership on climate change issues. The cell also coordinatesessvaaising,
advocacyand mechanisms to promote climate change adaptation and risk reduction in developmer
activities, as well as strengthening existing knowledge and informationsdmbigs on impacts and
adaptation to climate change. The climate change cell is assistd& C@mponent Local Disaster Risk
Reduction Facility (LDRRF) and improves coordination at the local |&bels,both disaster management

and climate risk management (CRM) are fairly met up in Bangladesh. ThgneaniIntegrated National
Framework for &M and DRR proposed by UNDPa-broader understanding of climate change risks and
impacts at all levels, as well as capacity building for assessing ridkanafysing them with sectoral and
cross sectoral perspectsvzand implications (UNDP, 2007).

Climate change policies, planning and institutions

Bangladesh is signatory to the United Nations Framework Convention on ClimatgeC(UNFCCC). In
1992, the Government of Bangladesh signed the UNFCCCC, and ratified in 1994. The Mihistry
Environment and Forest (MOEF) is responsible for coordinating the UNFCCC pro&zssgladesh. The
Ministry of Environment and Forest (MOEF) is responsible for coordinating MEQCC process in
Bangladesh.

A National Climate Change Committee, comprised of members &lbnelevant government and non
government organizationsvas constituted in 1994 for policy and guidance and to oversee the
implementation of obligations under the UNFCCC process. In addition to the CliimatgéCell, other
government institutions thatre relevant for climate change include: an wntémisterial committee on
climate change, headed by the Minister for EnvironmetiFanests and with representation from relevant
government ministries as well as NGOs and research institutions; and a NatnahiBent Committee

to determine environmental policies chaired by the Prime Minister with represeritatio MPs as well

as government and civil society. There are also Academic InstituteseaadrBOrganizationhiave been
carrying out researcstudies on impacts, adaptation and vulnerability to climate change, and paticipat
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, RZI=A
identified vulnerable areas and fifteen projects as future adaptation stidfgex. was updated in 2009
and identified thirtyeight adaptation measures. The NAPA process has been advanced throughitre adopt
of the Bangladesh Climate Change Strataggt Action Plan (BCCSAP) of 200MoEF, 2009), which
provides the climatic contexts, analysis of semi@nomic realities, and outlines policies for promoting the
well-being of vulnerable groups and elaborates a set of programmes based upon basadf are
interventions. BCCSAP identified forfyve adaptation and mitigation measures based on six pillars: food
security, social security and health; comprehensive disaster managerfrastructure; research and
knowledge management; mitigation and low carlievelopment and capacity development and
institutional. After approval of NAPA, UNDP received funding from Global Enviramniacility (GEF)

to implement the climate projects set out in NAPA.



To gain overview of existing activities and roles in the NAP process, the MoEFswgiport of the German
Development Cooperation (i.e. the Gesellschaftfir Internationale Zusamegn&lZ) and the United
Nations Development Programme (UNDP), conducted a s&#tkg and mapping exercise to inform a
National Stakbolder Dialogue on Stocktaking for Bangladesh’s national adaptation plan (N&€9ss
on Thursday, 30 March 2017 in Dhaka. Around 80 representatives from governmaohgogdernment
institutions, including representatives of the academia andsowikty attended thene day event.

The GoB, furthermore adopted a legislation called the Climate Change Trust Fumd28&¢0 with the
view to establish the Bangladesh Climate Change Trust Fund (BCCTF) to fimtieacto address the
adverse impacts of dhiate change. The Fund is financed from the national budget of Bangladesh. The GoE
also created Bangladesh Climate Change Resilience Fund (BCCRF), origaily the MultiDonor
Trust Fund in 2009 to implement the six pillars identified in the BCCSAR.flihd became operational
in 2010. Moreover, Bangladesh is also taking necessary initiatives for iagcdss fund from Green
Climate Fund (GCF) and the Economic Relations Division (ERD) of Ministryirari€e is acting as the
National Designated Authority (NDA) of Bangladesh to GCF. NDA has alsiated a process to get
Bangladeshi institutions accredited as National Implementing Entity (NIECt &d identified fourteen
national entities having high potential to be eligible to fulfill the criteealy the GCF board to gain
accreditation.

The government is nurturing and boosting publivate partnership (PPP) strategy aiming to enhance
sustainable environment as an investment sector. Bangladesh Green DewnelBfan (GDP) aims to
develop new pygrammes in environment, energy and climate change that address the climate chang
adaptation and mitigation needs of the poor. It focuses on desidménergy management by providing
access to lovecarbon fuels and energy and it should also create gsbsmjith a strong focus on improving
management of natural environment, biodiversity and ecosystems. The governmeptéssed interest

in using REDD+ (reducing emission from deforestation and forest degradas a strategy to fulfill some

of these bjectives, and the UN has produced a document investigating the readiness of thetoountry
participate.

The recently developed Disaster Management Act, adopted in 2012 recognized the whdiotate
change and provided guidance for setting up aitutishal mechanism for disaster management reducing
vulnerabilities, rehabilitation, and providing humanitarian assistance to the siofitvoth disasters and
climate change impacts. In addition to these plans, strategies, and legistaédtsnewablEnergy Policy
2008, the Energy Efficiency and Conservation Master Plan (EE&CC Master PlanRoad Map of
National Adaptation Plans (NAPs), the National Sustainable Development $tiaderspective Plan
(Vision 2021) and the Seventh Five Year P(BN2016 —FY2020), the National Disaster Management
Plan provided some guidance for mitigation and adaption measures needed fod&sdmgla

The GoB developed the Intended Nationally Determined Contributions (INDC), and teabimi NFCCC
well before adption 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 GHEs jglag its role in global
efforts to limit temperature rise to@ or preferably 1.5 abwe preindustrial levels agreed in Paris
Agreement. The INDC of Bangladesh takes both unconditional and conditionalogmissiuction goals
for the power, transport, and industry sectors, alongside further mitigationsain some other sectors,
which Bangladesh intends to carry out with subject to required technical and &hsungports. The INDC
of Bangladesh also outlined the adaptation goals and measures througtcadientibf existing measures
already taken and also for future needs including the-termy vision for adaptation, drawing synergies
with mitigation measures. It also provides a qualitative description on suppdst floed¢aking actions for
mitigation and adaptation efforts. Now, the challenge for GoB is to implem&® ,Ikh accodance with
the Paris Agreement through enacting new legal and policy frameworks or/ardliag existing
frameworks. However, in order to amend the existing legislations and polict#er adopt new policies



and legislations, it is important to examire tscope, gaps and constrains of existing provisions. The
Country Investment Plan (CIP) and the Delta Plan 2100 are good nationgldquoaianents for addressing
environment, forestry and climate change. The Seventh Five Year Plan (FFZQ080) has dedated
chapter 8 on sustainable development: environment and climate change, whens 8611, 8.5.2 and
8.5.3 are very well elucidated upon climate change adaptation, resgiedaritigation activities during

the fiscal period. The Plan’s objective is to promote sustainable environment managgstems for
mitigation and adaptation through active participation of women and the poorest membargetyf s
Numerous policies and plans exist that directly relate to climate change or weféchto relaged
environmental topics and issues. A new Environmental Policy (updating the previous 1868)wsas

put out for public consultation in 2013 and has been released in draft form. A National AatidiorP
Short Lived Climate Pollutants was publishedJanuary 2014. This plan, focusing on black carbon,
methane, ozone and some hyfltmrocarbons identifies the Climate Change Trust Fund as a potential
funding source for initiatives to reduce these pollutants. Also in 2014, a Climaté Fisgework was
published by the Ministry of Finance to help identify the supply and demand sides dediseal funds

and to ensure that they are sustainable and transparent in theriong-

In 2013, realizing the need for coordinated efforts on gender issues arangtream gender issues in
development initiatives to increase resilience, the government has facilitepedation of the Bangladesh
Climate Change and Gender Action Plan, (MoEF, 2013). The ccGAP integrates genidieraboss into
four of the six main pillars as identified in the BCCSAP: (i) food security, social protectidrhaalth; (ii)
comprehensive disaster management; (iii) infrastructure and (iv) trotigend low carbon development.

The governmetis Vision 2021 document, which sets outeiiminate poverty and make Bangladesh a
middleincome country by 2021, is a kegaptation planning document for the country. Vision 2021 has
social, economic and environmental dimensions and it declares that all effbrbe wilade to protect
Bangladeshrom the adverse effects of climate change. It aims to reduce Aitigolfrom industry and
transportation, and improve waste management; to improve the state of the natucadnes™ by
conserving forests and water bodies and preventing river erosion. In order to dichigeals of Ysion
2021,the ‘Outline Perspective Plan (OPP)Rdingladesh 2010021: Making Vision 2021 Reality’
includes a dedicated chapter on @m¥ironment where the vulnerabilities, responses and climate change
management strategies are analysed. The plan emphasises climate change adaptajiothe active
participation of locatommunities and the private sector, rather than @ooyn strategy.

Mainstreaming climate change into development and national planni  ng

Mainstreaming in the context of climate change is the incorporation of climatgechansiderations into
established or egoing development programs, policies or management strategies, in addition to
implementing adaptein initiatives separately. In oed for climate changadaptation to be sustainable and
applicable on a wide scale to enable the people, especially the poor, to cope \pitssilde risks of
climate, it must be incorporated, integrated or “mainstreamed” into the ppli@ratus of gowvaments
(FAO, 2009).

The Bangladesh government is integrating climate change into sectoral planstimmel npolicies.
Infrastructure development is being planned, designed and implemented consideratg change
impacts. Climate Smart Agricultureagglobal slogan now and Bangladesh is also adopting new technology
inventing salt tolerant, water submergence tolerant crop verities to copeliwittiecchange impacts.
Research programs are being taken in light of climate change informatiayla&ash’sinterim poverty
reduction strategy paperPISRP) recognizes the direct link between poverty and vulnerability to natural
hazards, and notes that the incidence of disasters is likely to increasehathded¢rease as a result of
global warming. In November 2007, the Government announced an initiative to formally iatergna
impacts of climate change into all development plans including PSRP revisiong.d¥ithe NWP and



NWMP priorities are synergistic with climate change adaptation, such as themeodation in the NWP
for early warming and flood proofing systems. It is fact that in many othmigmlincluding the National
Environmental Management Plan (NEMAP), the National Land Use Policy, andtibe@l&orest Policy,
do not make specific reference to climate change.

The UNFCCC in its documentation defined adaptation into the planning process. Itscohfmir key
components: assessment of climate impacts and vulnerability; planning fortiagaa@plementation of
adaptation measuresycamonitoring and evaluation of adaptation actions. The four components might be
good guidelines for mainstreaming climate change in national context. dagbonent needs to be
elaborated in Bangladesh context and mainstream climate change step by step.

Policy Guidelines for Smart Climate in Bangladesh

Bangladesh is disasteipronecountry and its people have survived through meeting challenges like-floods
riverine and coastal, cyclones, river erosion, water logging, droughts, cliderbea malnutition, saline
intrusion etc. Floods are every year’s event in our life. Autonomous adaptation isuval cladracteristic.
Like deeply flooded rice, our people adapt and continue to live with natural disasteng) @difyidds and
events. In course of time, the country has bagged in her pocket a lot of policiegisiatidas to protect

her people from severe floods, cyclones and all other disasters which are on iimct@aseThe country
also has earned a good reputation and image before the international comitmanigh effective
management of disasters. Still through a review of number of policy documents lgspbicrate
concerned, it comes to realization that we need much more to do in mainstreamingterems of smart
climate for the contry.

There have been major improvements in Bangladesh responséenate change adaptatioBtill a
substantial adaptation deficit exists under the current climate. We need dedpestanding of risk and
vulnerability on climate change for future climatic world of Bangladesh.

We are to go for managing the climate for specific warmingdeltecould 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 understo
gradually in coursef time. End goal is sustainable, resilient and transformed Bangladesie wa need
additional policy documentsstrategies and action plans tnainstream adaptation to combat Climate
Change.

Green Bangladeshs to be made Greener with Green PhilogopfBreen Design, Green Approackreen
Technology, Green/Eco Dish or “Ecotarian Plate”, etc. and Carbon Sinking througasadtayn and Soil
Treatment.

Bangladesh has no data on the real costs of adaptive measures an ma&leelsntoconsideration e
existence oappropriate institutions, availability of resources and adoeteshnology.

Adaptation strategies and priorities are needed to be identified for eagfeéiv@lan. Climate change is

to hamper daily livelihoods ahillions of poor espeally farmers through increased temperature. So,
improvament of food grain productivity potential and water use efficiency of agriculumaé &s a priority

for achieving food security. Furthermore, the plan needs to make space fatiadagisponses to be
incorporated inrelevant programmesncluding those relating to watershed management, coastal zone
planning and regulation, forestry management, agricultural technologiesaamtidgs, and health.

In line with developing adaptation strategies, there needs to be a strong focus onemtplg the
adaptation strategies through climate mainstreaming of developmental activitieslofbesntal
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 takingqiiapetiaough
five-yearplan.

Adaptation to climate change is a relatively new science. More studiesgarired for better understanding
the impacts of climate change in Bangladesh. Efforts are being made at the imalrsifige that can
provide an understanding for implementirgdewant policies at national levels. Integratingordinating
and implementing adaptation to climate change is to be done in all national levelsisvgtiitifiar away.

Bangladesh does not have any Climate Change Act, which is very essential tarlismaée management
and to bring all sectors under legislative obligations. The Climate Change rAbeca legallybinding
longterm framework for building the ability Bangladesh to adapt to a changingielima

Economics of the National Adaptation Progamme- Bangladesh lags science based research documents
on costs and benefits analysis of adaptation programme. Adaptation needs to e pastiftbon estimates

of costs and benefits. Planning, management and policy formulation on approprizti@ueequire
knowledge on economics of adaptation. Adaptation is embedded in a wide range of existieg aatic
should reflect a series of voluntary agreements across government andreocestyidely.

Government should have Long Term Environment Pldménwith SDGs to a transformed Bangladesh

Organic Bangladeshis the main shottut way for achieving transformed sustainable Bangladesh through
ensuring Organic Dish or “Ecotraian Plate” eecfriendly organic food for the whole country. It means
switching our agriculture to an organic one where food producing system would laacdoature based.

It demands resolutions of more outside issues than inner plate items. That ousteside/plty complex.

Intervention for successful adaptation will é&kéective if it is bespoken, balancing financial, economical,
societal, equitable, governance and legislative and environment interests.

GoB needs soft engineering and natoased solutions (NBS) as everywhere can be protected. Climate
Change Operatiat Framework in the GoB organogram is to be defined clearly.

Flexibility is required in adaptation, with multiple choices to achieve a manageo@r{eq. definedisk
levels).

Adaptation pathways provide one structured way to achieve this. Thesebeachallenging to generate
due to barriers in planning for adaptation.
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Executive Summary

Food security and climate are closely linked in Banglade)?%o of the populatioim Bangladesh aremployed
in agriculture making the economy and livelihoods of millions of Bangladeshis mliatimatic and
environmental factors.

Rice and fish are the main components of the food system and are majorl fooiats of food security in
BangladeshCurently rice occupies 77% of the gross cropped area and constitueg<96%6 of food grain
production. Fish accounts for 60% of animal protein intake in Bangladeshipauiple relying on it to provide
their protein needs in both rural and urban areas.

Clmate models for the 2050s and 2080s show strong agreement for areiise in temperature but show

more variation in the variability and distribution of rainfallClimate change projections for Bangladesh indicate
a substantial warming across the country but rainfall projections are lesstrokhes rainfall in the 2050s
projected to largely overlap the present day range whereas there is moezamgmt between models for
increased monsoon rainfall and greater variability by the 2080s.

Future changes in precipitation vary regionally compared to tempenat increases which are consistent
country-wide. Daily maximum temperatures could exceed the optimum growth rangarf@anrice for some
years by the 2050sind for many years by the 2080s.

Exposure to climate impacts varies regionally:

x Coastal zone
People in the coastal zorere mainly rice and shrimp farmers. Currently, these people suffer from cyclones
and storm surges which cause inundation of land smitlsalinity destroying crops and contaminating soil.
Inundation of land is likely to worsen in the future with rising sea levels arjdqienl increases in river
discharge during the monsoon season.

x ChittagongHill Tracts and adjacertoast:
People inChittagong Hill Tracts and adjacent coastal areson subsistence farming, fishing and salt
production. As this is the hilliest region in Bangladesh, it is most at risk framflff@sling which causes
landslides, destroying homes and crophere is potential for future increases in prensoon flooding
which is hazardous for standibgrorice.

X Haor Region:
The Haomegion is dominated bigororice and tea cultivation alongside fishing. The greatest hazard to this
region is flash flooding caused by raff from the surrounding hills in India. There is uncertgiabout how
or if rainfall will change during the praonsoon period but monsoon rdll is projected to increase which
could lead to delayed planting of thmro crop.

x North and Centraregion:
The North and Central regias home to people living orharland or on the mainland adjacent to the
major rivers. The greatest risk to thesepulations is riverbank erosion and flooding which can cause loss
of homes and livelihoods. Projected increases in river discharge and maaistmwding could further
exacerbate riverine flooding which can destroy #meancrop as well as introducing saadd silt causing
water logging and lowering productivity.
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x Barind and droughtprone areas:
People in the Barind and droughtone areasely on the production ohusandbororice, irrigated using
groundwater. As the western side of Bangladesh is warmer and receives less tthiafalgin hazard in this
region is drought causing a declining groundwater table, with less wasdliable for crops. Projected
increases in monsoon rainfall and river flow may not offset drought conditionsalinereasing waer
demand.

x Urban areas
34% of Bangladeshis live in urban regions and this is rising each year. Livelihaodseadéverse but
there are large numbers of urban poor who are reliant on cash flow to buy fémadiRg is the biggest
threat to Dhaka whiclecan displace millions of people and enhance the spread of disease. Rbtent
increases in monsoon rainfall and increases in river discharge could exacerbatedbdselfi the future
higher nighttime temperatures will pose a significant risk to peopleerable to heat stress.
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1. Introduction

This report habeen compiled as part of the European funded ‘Higtd cLimate Impacts and eXtremes’ (HELIX)
project, which looks at climate change under a range of scenarios of future ghadralge temperature rises.
These Specific Warming Levels (SWLs) which ar¢ asel ®, 2, 4 and 6°C rise relative to the-praéustrial

climate have been used to assess climate change impadtsdaptation, both globally and in three regional
focus areas; Europe, st#aharan Africa and South Asia. The wider HELIX project aissegsdhe impacts of
these specific warming levels on food and water security, energy sediloiging, infrastructure, ecosystems,
health and human migration in order to provide tailored climate impact infornmatiostakeholders, such as the
World FoodProgramme (WFRnd the European Commission (Helicymakers and businesses.

This food security assessment falls under the South Asia regional focudXf(YWekk Package 9) which aims to
assess the integrated biophysical and seonomic impacts aflimate change in the South Asia region
through improvementand use of global and regional climate and climate impact model projectibasaiin of
this study is to interpret the outputs from the HELIX projeam the perspective of food security and
livelihoods in Bangladesh. This is done by using thereigiution HadGEM3 global climate model data from
HELIX Work Package 3 to describe the baseline climate and projeatdd inerelevant climate variables. In
addition, results of various impact studiérom Work Packagedahd across the literature agynthesised and
standardised to make an assessment of the risk of different levels of elichange to food security in
Bangladesh. It is important to note that not all impact studies use theesaodelsor have consistent driving
data so direct comparisons between impacts studies are not possible.\dowikis report attempts to highlight
the impact studies which are relevant to interpreting how climate cleandl affect food security in Bangladesh.
It isimportant to note that this report is mainly focused on the impactslimfiate changeon food availability

and does not cover aspects of food imports and market infrastrucithies is because the impacts of climate
change on food availabiligre better defined tharthe impact of climate change on the complezonomics of
food securitywhich requires additional expertise

Firstly, the motivation and context behind this report is outlined in aciin an assessment of the current
livelihood activities in Bangladesh in order to give context and identify potentiaérabilities in the current
food system. The baselinerokite and future projected trends in temperature and rainfall in Bangladesh from
the highresolution HadGEM3 global climate model results from Work Package 3 arprésented in Sections
3 and 4 Finally, with knowledge of the food security status, projected tesincclimate, and results from
relevant climate impacts studies, the information is brought togethepriesent regional assessments of the
impact of food security in Bangladesh at a regional level in Section 5.

The aim is to provide thEC andVFP with a climate and food security assessment which will allow them to
make informed decisions around adaptation and resiliengiéding. The HELIX project is focused on impacts
from climate change occurring under SWLs without set time periodshwhiaynot be as useful to support the
WFP’s adaptation decisions. Therefore, this report will primarily consigeadta occurring under two future
time periods (the 2050s and 2080s) which roughly corresponds tocagase in global average temperature of
2 and 4°C respectively (Fahad et al., 2017).

We acknowledge the valuable input, feedback and discasgtroughout this study with Ashraful Amin and his
team at the Vulnerability Assessment and Mapping Unit eFP Country Office Bangladesh. In additian, w
acknowledge the engagemeand sharing of knowledge and datalo€alexperts and stakeholders at a
stakeholder consultation workshop held in Dhaka, Bangladesh in May ®@ich was jointly organized by the
WFP and Met Office.
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2. Food Security and livelihoods in Bangladesh

Bangladestis located between 20.6°N and 88.02°E to 92.7ERgpae ) and is part of the Ganges River delta
flowing from the Himalaya in the North to the Bay of Bengal inSbath. The country is made up of a #ying
plain where tle three main rivers converge; the Ganges (Padma), Brahmaputra and the Méglxalition, the
southeast of the country is hilly and is known as the Chittagong Hill Tracts.

Figurel. The location of Bangladesh, taken frowidikipedia https://commons.wikimedia.org/wiki/File:LocationBangladesh.svg

Bangladesh is one of the most densely populated countries in the worldhgtmajority of peopleiving
within urban areas such as Dhaka and Chittagong or areas surrounding thernaiRas are less populated,
especially along the coast and the hill tracts (Figure 2).

There are two poverty divisions in Bangladesh; the unhaal divide and the eastvest divide. The spatial
distribution of poverty changes are shown in Figure 3. In general, thateaity Dhaka and the main port city
Chittagong form two clusters of urbanization and economic growth. Aileasrgy a border with greater Dhaka
and Chittagong metropolitan area lie north of the Ganges and east of the Bratmaamad have experienced
the greatest reduction in poverty and increase in economic growth,@afhe from 2002005 Ghilpj 2008).

This has left the western side of Bangladesh, especialgdhthwest, without a regional growth centre and
consequently the west continues to lag behind the east with respect to econ@weabment and income. This
is exacerbated by the division of these areas by two large rivers which limitatimgbetween east and west.
In general, the incidence of poverty is higher in rural areas thamban areas, and the rate of decrease in
poverty is also lower in rural areas (Ferdousi and Dehai, 2014). Divisiomshakies higher incidences of poverty
include Rangpur division in nortkiest Bangladesh and Khulna and Barisal in the southwesteicht

southern coast (Zohir, 2011).
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Figure2. Distribution of population density of Bangladesh by digtr from the 2011 Bangladesh population and housing cengtigure
taken from thePopulation Monograph of Bangladesh/olume 7
(http://203.112.218.65:8008/PageWebMenuContent.aspx?MenuKey=243

Figure3. The spatial distribution of poor and extreme poor people Bangladestas of 2010. The World Bank and Bangladesh Bureau
of Statistics in collaboration with World Food Programme produicthe poverty estimates.
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2.1 Main livelihood activities in Bangladesh

Bangladesh is an agrarian economy where 60% of the population are employgdciture (BBS, 2011).
During the monsoon period (Jugeptember), raitfied rice is the dominant crop, compared to irrigated rice,
pulses, oil seeds and vegetables grown in the dry season (ltadaP@15). As such, the economy and
livelihoods of milions of Bangladeshis are reliant on climatic and environmental factors suchresamotiming,
intensity and distribution, storms and cyclones, soil salinity and availabilisater for irrigation.

Both rice and fish are the main components of thed@ystem in Bangladesh; they make up 64.9% of the
calorie intake and 60.3% of the protein intake cumulatively (see Figured4hain production employs almost
50% of the workforce. Currently, rice occupies 77% of the gross eticgmea and constitutes ev 95% of food
grain production (BARC, 2011). Fish accounts for 60% of the animal pretaém af Bangladeshis, with people
relying on fish to meet their protein needs in both rural and urban areas (Hogsalin2915). Both rice and fish
are thereforemajor focal points of food security in Bangladesh.

Figure4. Food intake of a typical Bengali; a. Food intake, b. Calorie intak®ratein intake. Figure taken from (Rahman and Momda
2015).

2.1.1Rice growing seasons in Bangladesh
There are three main crop growing periods in BangladeshKharif Kharifand Rabiwhich cover three rice
growing seasons:

1. Ausis premonsoon (ompre-Kharif) upland rice planted directly or broadcast during Ma#gbril after the pre
monsoon showers and harvested between July and August. S@as afauscultivation have shifted tdworo
because of the higher yield potential thans

2. Amanis the monsoon season (&harif)rice crop. Direct (i.e. directly in the field from seed) seeding in
March-April or transplanting between July and August.

3. Borois the dryseason (oRab) rice crop, which is planted from DecemUdeebruary, irrigated and harvested
between ApritJune.The introduction of groundwater irrigation systems has led to an increagepalarity of
bororice. Foiboroseason, 92% of farmers use irrigation but only 28% own their own iofgaguipment
compared to the 62% who buy in irrigation water (Hossaial €2013). 79% of irrigation water is from
groundwater sources, compared to 21% from surface water, (FA@).200

Each of these seasons poses different challenges to parts of the siwengrcycle (see Figure 5). For instance,
rice in the vegetative and reproductive stages (i.e. the firdtrionths of growth), are most sensitive to changes
in temperatures outside of the optimum growth range of28°C. Currently, this affects botioroandauscrop

at vegetative and reproductive stages (Shelley et al6201
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Figure5. Rice calendar for the three dominant rice crops grown in Bangkdelraken from Shelley et al. 2016.

Rice is grown throughout Bangladesh (see Figure 6) but there are regionadrdiffe in the distribution dforo
andaman For instance, the coastal areas are not as suitablbdow cultivation due to difficulty in irrigating
these areas. Traditionaltyansplantamanwas the main rice crop but over the recent years, a high yielding
variety ofbororice now &counts for the largest share of the rice output (~60%gaiKlker and Mahmud, 2012).
This has led to more even yeaund availability of rice from domestic production and consequently the rice
price does not fluctuate seasonally (Khandker and MahmQ#i22 Despite relatively stable rice prices, seasonal
hunger, ormongastill occurs on an annual basis due to unemployment betw&eptembesNovember (after

the amancrop is planted) and from Marehpril (after theborocrop is planted)especially in pooraregions

such as Northwest Bangladesh (Paul et al. 2013).

Figure6. The spatial distribution of the rice crop in Bangladesh, adapfeom Gumma et al. 2014.

Project 603864 9



2.1.2 Fishing livelihoods in Bangladesh

The fisheries and aquaculture sector in Bangladesh is ttmnsemost important export industry contributing
22% of agricultural GDP and 7% total export income during 2011 (Rahman dtxlGHdse, 2014). There are
three subsectors of fisheries in Barglesh; inland capture, inland culture and marine whichvjite 28%, 56%
and 16% of total fish production (Shamsuzzaman et al. 2017). Inland captacated in riverine and estuarine
environments (floodplains in the norhast), Sundarbans (southest),beels (typically the norteast), Kaptai
lake (Chittagong district) arfthors (floodplains e.g. in the northeast) and has declined dverr¢cent years in
favour of inland closed aquaculture. Inland closed aquaculture requires cultudspmng. oxow lakes which
are often flooded during the monsoon, carrying fish from tivers into ponds. This sector has experienced the
fastest growth in the last few decades and now makes up 80¥edbtal recorded aquaculture production
(Shamsuzzaman et al. 2017heTdominant fish species cultured are carps, tilapia, Hilsa and perch.

Coastal aquaculture is most important in the Southwest districts of Khulnaatkkiita where tiger and river
prawn are cultured in enclosed coastal pondsglers,in the brackish water. Due to the short culture cycle and
profitability of exporting shrimp, many coastal regions have adopted tl@kHood over the traditionahman

rice crop (Hossain et al. 2015). The peak season of prawn farngheriis from May to January (Ahmed et al.
2008). From Januaduly, during the high salinity season, shrimp farmers culture brackish waktepsand fish.

In the low salinity season (Augti3ecember), shrimp farmers culture freshwater shrimp and fish, cultivate salt
resistantamanrice in nore elevated areas whilst harvesting any brackish water or freshwater shrimpnPra
larvae are stocked in May to June and harvested primarily from Novemberuarjam culture period of

around 9 months (Ahmed et al. 2008). The rapid expandiehimp farming has been blamed for increasing
soil salinity and acidity in coastal areas (Sarwar and Islam, 2013, Rahman et alb@ott adoption of
integrated farming practices such as incorporating aquaculture and rice farming @rgsthelping to combat
encroaching salinity and allow more diversity in food supply (Ghose, 20ab)faitening has become more
popular in the coastal regions because juvenile crabs are plentiful in theafhams, easy to collect and only
take 23 weeks to complete a produon 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 anaréstensitiveéo weather
and climate and therefore vulnerable to potential future changes in climateuddtoand low temperatures
threaten theborocrop as well as flash flooding just before harvest. dimancrop is also threatened by excess
flooding during the monsoon, and maximum temperatures exiteg the optimum growth range. This means
that maximum and minimum temperatures, as well as tindng and intensity of the monsogmvinter rainfall,
andgroundwater recharge are important factors in determining the susadsice production in Bangladesh.
Fish production can be affected by drought during the culiprocess or by overtopping of culture ponds
during excess monsoonal flooding.
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3. Currentclimate of Bangladesh

Bangladesh hassubtropical monsoon climate (warm and humid), with fostitict seasons. The praonsoon
season (MarciMay) which is characterised by variable rainfall (approximately 19% of totabhrainfall falls
during the premonsoon periodKhatun et al. 2016), brought layclonic storms over northwest Bangladesh.
Low pressure formed over the Bay of Bengal can intensify into a depreghion sometimes evolves to
become a cyclone during this seasdrhe premonsoon season also experiences the highest humiditly an
annual temperatures. Heatwaves occur during this season, ranging from muilg fthximum temperature in
the range 3638°C), moderate (daily maximum temperatures in the rangd@&), and severe (daily maximum
temperatures in excess of 40°C) (Khatuale2016) The southwest monsoon season (JtBeptember) brings
the majority of the rainfall (approximately 71% of total annual rainfall falls duriagrtbnsoon). The monsoon
rainfall arrives first to the southeast of the country and gradually spreatisetoest of the country by the
middle of June. The postonsoon season (Octob&ovember) brings considerably less rainfall and lower
temperatures and is characterised by cyclonic disturbances which beginhe/Bay of Bengal, before-re
curving northeastwards and making landfall on the southeast districts of Basglddbatun et al. 2016). These
cyclones bring severe impacts to coastal communities. The winter/nortineassoon season (December
February) is the coolest and driest season (only around 2% total annual raiotal dering this period of the
year). This rainfall is caused by low pressure systems which form in the Easrideéan and bring moisture
across Asia, before reaching Bangladesh. Occasionally colder spells oceurdrthiern am western parts of
the country when daily minimum temperatures fall to amali8-10°C in mild cold spells;&C in moderate cold
spells, and occasionally fall below 6°C in the most severe cold pékbdiin et al. 2016).

3.1 Annual average climate

Precipitaton and temperature show a strong seasonal cycle over Bdagh, but not as much regional

variability. The north and east of the country are slightly cooler than ceatrdisouthern areas, and the

monsoon rainfall is heaviest in the far north and in &t of the country. Figure Fdshows plots of annual
average dailyemperature (nean maximum and minimum) over the country by averaging variables for all years
betweenthe baseline period 0£981-2010. These plots do not show seasonal or temporal variaf but

average annual spatial differences for the baseline climate

Annual average rainfall in this nordastern 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 denifsthe drier centralwestern region

which experiences around 1600 mm/year (Ahasan et al. 2010). The rainfedipdiacy across Bangladesh is due
to the monsoon travelling from the southwest before reaching the footbilithe Himalayas where the

monsoon winls are deflected west and northwest, causing the greatest average precipitatiworthreastern
Sylhet regionRainfallis more evenly distributed in the drier winter months, although southegions

generally remain wetter and warmer than the north, as reflected in the annual aveesagfall (Khatun et al.
2016).

Annually averaged daily maximum temperatures can reach up t¢Gi%he central western region of
Bangladesh, compared to nordrastern Bangladesh which has the lowest daily maximum tenners of
around 28C. Annually averaged daily minimum temperatures are more spatially haroagehan daily
maximum temperatures and generally lie between20C for most of the country but generally trend towards
higher minimum temperatures at the coaéthatun et al. 2016).
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Figure7. Maps of: a. average daily mean temperature; b. average daily maximum terafure; c. average daily minimum
temperature and d. total annual precipitation; for the baseline ped of 19812010

3.2 Seasonal variability

The seasonal variability of climate in Bangladesh is high, with a distinct mossason that brings most of the
rain between June and September, when temperatures are fAigh.winter season is, in contrast, rather dry
and cooler. [gure &-d shows the profile of temperatures and rainfall through the year for Bangladesheabe
Figures 912 demonstrate seasonal variability of the baseline climate. The ensembledspidaseline maps

and profiles can be found in section 8.2, Apperli€limate information in this report is shown either as spatial
plots which display variables averaged over a 30 year period, or as annual jpaiflér each of the 30 years,
which are averaged over the entire country but display individual yearataf d

1 Note that the baseline climate data presented in Section 3 of this report isitszorrected data from the HadGEM3 atmosphenay
climate model simulation using MIRESMCHEM sea surface temperature; it is not data from direct observation. For d#t#ils model
data generated in the HELIX project see Section 4 and HELIX2DB7), &nd for details of the bias correction methodology used see
Hempel et al. 2013. The spread across the ensemble is minimaltgs&ms correction, however, there are some differenicethe
distribution throughout the year; plots of the ensemble spread of the annual profitethéobaseline period are provided in Appendix A.
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Figure8. Annual profile plots of: a. daily mean temperature; b. daily maximunmtperature; c. daily minimum temperature; and d.
precipitation; averaged over Bangladesh, for individual years over Haseline periodl9812010. Each year is represented by a thin,
coloured line. The thicker, black line is the mean profile of alaye between 19812010

Figure9. Maps of daily mean temperaturaveraged between the baseline period of 19&D10 for: a. Winter (DecembeFebruary) b.
Premonsoon (MarMay); c. Southwest monsoon (JeBep) and d. Postonsoon (OctNov)L
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Figure10.Maps of daily maximum temperature averaged between the baselineipdrof 19812010 for: a. Winter (December
February) b. Prenonsoon (MarMay); c. Southwest monsoon (JeBep) and d. Postnonsoon (OciNov)L

Figure11. Maps of daily minimum temperature averaged between the baseline perof 19812010 for: a. Winter (December
February) b. Prenonsoon (MarMay); c. Southwest monsoon (JeBep) and d. Postonsoon (OctNov)L
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Figurel2. Maps of total seasonal precipitation for: a. Winter (Decembleebruary) b. Pranonsoon (MarMay); c. Southwest monsoon
(JunSep) and d. Postnonsoon (OctNov); for the baseline period 0£981-2010.

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

x Preimonsoon(March-May)rainfall ranges between 50mm/month in March up to around 30m/month
in May. The average daily mean temperature during this season ranges lmes@9°C, with average
daily maximum temperatures reaching up to 35°C. Due to these high tetuypes heatinghe land
surface over Bihar, West Bengal and northwest Bangladesh, and accumulatedrenfsistn the Bay of
Bengal, large cyclonic storms called ‘Nor'westers’ form which can bringvmgls and heavy rain.

X Southwest monsoorseason (Jun&eptember), rainfall increases during this period up to-400
500mm/month on average, but can be as high as 750 mm/mdstih northeast and southeast
Bangladesh receive more rainfall (up to 2500 mm over the monsoon) compmatbd drier cental-
western region (around 1200 mm over the monsodr)e daily mean temperature in this season remains
between 2829°C, with daily maximum temperatures cooler than April/May, droppinggproximately
32°C, and daily minimum temperatures between aroune285C. In general, daily minimum
temperatures remain homogenous throughout Bangladesh, but daily maxiteonperatures are higher
in the centralwest region.

X PostmonsoonseasonOctoberNovember)rainfall drops off considerably from an average of around
300-500 mm/month to around 10@00 mm/month and daily mean temperature decreases from about
28°C to more like 23°C, with daily minimums of 19°C.

X Winter seasonDecemberFebruary) monsoonrainfall is negligible throughout Bangladesh at this time of
year, with daily minimum temperatures reachibgtween around 121.4°C on average with lows of up to
11°C. Daily maximum temperatures are generally distributed evenly thouighe country compared to
daily minimum temperatures which appear to be warmer near thast (approximately 1:87°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 intannual variability in the annual rainfall received in Bangladesh, as can be seen in
Figure 8d. Some of thister-annual variability iselated to the ENifio Southern Oscillation where a warming of
the Pacific sea surface temperatures weakens the trade winds which bletwase from South America. The
weakening of these trade winds during arNilo, limits the & moisture and heat content which results in an
uneven distribution of rainfall across Bangladesh andititgan subcontinent, the patterns of which are
described in the next section.

Temperature is less variable from year to year, particularly averagehiyodaily minimum temperature.
However, there is greater variability in daily maximum temperatures, whicmare closely affected by rainfall
totals.

3.4 Climate Trends

Temperatures in Bangladesh have shown a clear trend of warming in the recent palsttergovernmental

Panel on Climate change (IPCC) Fifth Assessment Report (AR5) stiafiesréhis eobservedtrend of increasing
annual mean temperatures over South Asia during th& @6ntury (Hijioka et al. 2014pbservational records
suggest that annual mean temperature has increase@.p@1°C/year, whilst minimum and maximum
temperatures have increased by 0.0C4and 0.00&/year respectively over the period 192811 (Bangladesh
Delta Plan, 201550me evidene for this warming, particularly for increases in the daily minimum temperature
can be seen ifrigure 8 where more recent years in the 192010 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 leveltef-ennual variability in
annual rainfall. Likewise, the IPCC AR5 analysis shoglsartrend in precipitation over the last 30 years in
Bangladesh, except for a potiad increase in rainfall in southwest Bangladesh (Hijioka et al. 2014).

Observations of sea level rise indicate that sea level is currently risinguatda88mm/year along the
Bangladesh coastline, (this rise includes the effectibfiglence and tectuic, as well as climate change, on sea
level) (Bangladesh Delta Plan, 2015).
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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,sialyan ensemble of fivgdobal
climate model simulations from Work Package 3 of the HELIX project wagaken. The global climate model
used is HadGEM3vhich is higher resolution than the latest fully coupled climate modelpr(agpmate grid
spacingof about 50km by 50km at the equator), providing globally consigbenjections at a finer scale than
the previously available set of model projectiofiemodel was run in atmospherenly modefive® times, each
taking seasurface temperatures from diffent lower resolution global climate model projections; these are
ACCESS1, GFDIEESM2M, IPSCM5ALR, IPSCM5AMR and MIROESMCHEM. The model was run under
Representative Concentration Pathway 8.5 (RCP8.5), the highest greergasisoncentration pattay
(sometimes known as the smalled ‘businessisusual’ scenario). The bias corrected HadGEM3 data was used in
this studyfor both the baseline period (1982010) and future projectiond-or details of the methodology for
running the HELIX climate simiitems, 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 fottine time slices (the 2050s and
2080s) and for the years at vdhi each model @assed the SWLs for each of the fil@dGEM3 ensemble
members. The projections at S&/R°Cabove the prendustrial climate)re similar to those seen for the 2050s,
and for SWA (4Tabove the preindustrial climate) are similar to therojections for the 2080s. As the focus of
this report is on adaptation decision making for food security, where itspacer timerather than at specific
levels of temperature chandggave previously been considered more usedully projections for the 280s and
2080s are presented in Section 4.2 of this repéithough it should be borne in mind that climate simulations
such as those presented here should not be regarded as piathc just illustrations of possible futures.
However, since Specific Warming Levels (SWLs) such as 1.5°C ambti€lar are in common use for
informing policy under the United Nations Framework Convention on Glidaange, we also present results
from the projections at SWLs in Appendix

The individual ensemble memiseexhibited a variety of projections, but the range between them was relgtiv
small. Results from one ensemble member are presented in Section Hlistoate the projections as a whole.
This is the HadGEM3 model driven by the sea surface temperatures fraviR@CEESMCHEMmModel, which
sits approximately in the centre of the ensemble rangenfioistvariablesand future projectionsThe fullset 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 tleeetitfe between the thirtyear
baseline period of 1982010 and either 2042070 (2050s) and 2072100 (2080s), for maximum temperature,
minimum temperature and precipitation for (hHadGEM3 model driven MiROCGESMCHEMsea surface
temperature (referred to as HadGEMBROCESMCHEMrom here, see Section 4.1 for more detail on the
climate models used).

2 The specific simulation of HadGEM3 wasl GEMZGA6.0 N216 UM10.2 (Waltegs al., 2017; Williamet al,, 2015)

3 Six ensemble members were run as part of HELIX WP3 (BIEL|X2017), however, this report used the btagrect model
data and anomalous behaviour in the daily precipitation data was found in one maelettsf bias correction process had
been applied. This model (HadGEM3 driven by the HaddE\&ea surface temperatures) was therefore excluded from this
analysisresulting in a fivenember ensemble
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The changes in these climate variables are presented as a series of mapmaaldprofiles. The maps show
the spatial distribution of changes for each of the relevant seasons in Bangléedefined in Section 3.2). The
annual profile plots show annualgtiles for each individual yeam the future time period with the envelopef

all years in the baseline period also shown for reference. The data has been avacagss the whole country
to produce these plots.

The climate model projections show daily maximum tempaein Bangladesh increasing by the 2050s (Figure
13). There is a high level of agreement for this warming signal, with thestangeeases in temperature
occurring in the June, July, August, September season wisizlt@responds to the period of the monsoon
rains. In this season, average daily maximum temperature could increagetbydior 5°C in some places. The
increase in daily maximum temperatures in the winter season are lower, buissilby ~1 t@® C.

Figure 14 shows thennualprofile of average daily maximum temperature over Bangladesh and again illustrates
the consistent warming signal. The envelope of temperatures in yearg iBGB0s period are generally higher

than the 19812010 baseline period, with many years showing higher and more prolongestipesf maximum
temperatures than the recent past. All the models in the ensemble indicate hiegptemonsoon period could
experience average daily maximum temperatures in exce85°€, which is nathe case in the current

climatlogy.

Figurel3. Maps of HadGEMBIIROCESMCHEMmaximum temperature (Tmax) change from a 198010 baseline to the 2050s for
each of the seasons; DJF, MAM, JJAS, ON.
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Figureld. Plot of average maximum temperature (Tmax) over Bangladesh by montliie HadGEM3VIIROCGESMCHEMmodel for
individual years in the 2050s period, overlaid on to the skeal envelope of the Tmax values by month for HadGEMBROGESM
CHEMor individual years in the 1982010 period. The thicker, black line is the mean profile of all years betw@0412070.

Looking out to the 2080sll the climate model simulations in the ensemble show further warminguidinout
the year and across the whole of Bangladesh (Figure 15). However, asriate adontinues to change, it is the
winter and premonsoon seasons that are projected to see greater increases in maximum t&mesy; relative
to the monsoon period (Figure 16).

There is slightly less annual variation in daily maximum temperature, although AppiMay, and October and
November remain the hottest months in terms of daily maximumperature(Figure 16)By the 2080s, the
projections show that the average daily maximum temperature exceetls #% several months of the year,
remaining outside of the current present day variability especially for the wpaeod (DJF) (Figure 16).

Figurel5. Maps of HadGEMBIIROGCESMCHENMmaximum temperature (Tmax) change from a 198010 baseline to the 2080s, for
each of the seasons; DJF, MAM, JJAS, ON.
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Figurel6. Plot of average Tmax ovdangladesh by month for the HadGEMBIROCESMCHENMmodel, for individual years in the
2080s period, overlaid on to the shaded envelope of the Tivalues by month for HadGEM3adGEMZES for individual years in the
19812010 period. The thicker, black line is the mean profile of all years besw@0712100.

The projections of change in daily minimum temperature in the 2050s h{s® sonsistent warming throughout
Bangladesh. Like daily maximum temperature, the greatest warming in tldelshoccurs during thenonsoon
period, but for daily minimum temperature the differengethe change between seasons is less pronounced
(Figure 17).

Daily minimum temperatures show less intmmnual variability than daily maximum temperature, in both the
baseline climate (1982010) (Figure 8) and in the future projections. This mehasthe signal of longerm
warming is more easily distinguished from natural variability of the climate. Mimiteunperatures for the
2050s are near the upper end of or just above the presegtv@aiability indicating potential increases in night
time temperatures (Figure 18). This shift in climatological range is impdidatite ability of people and
systems to adapt and cope with, not just new extremes, boewa ‘average’ climate.

Figurel?7. Maps of HaRdGEMBIIROCESMCHEMminimum temperature (Tmin) change from a 1982010 baseline to the 2050s for
each of the seasons; DJF, MAM, JJAS, ON.
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Figurel8. Plot of average Tmin over Bangladeshiopnth for HadGEM3aVIROCESMCHEMor individual years in the 2050s period,
overlaid on to the shaded envelope of the Tmin values by rttofor HadGEM3MIROGESMCHEMor individual years in the 1981
2010 period. The thicker, black line is the mean profile of all years beitw@0412070.

Projections out to the 2080s show continuing increases in dailymmim temperature across Bangladesh, for all
the model runs in the ensemble (Figure 19). The averagemaiijnum temperature could be higher by 4 to
5°C formuch of the country for large parts of the year. Figure 20 shows thieaf daily minimum

temperature for each month, and indicates thatnimum temperatures in the 2080s represent a climatological
shift outside of the ranges of temperature variatiohthe present day. For instancayerage daily minimum
temperatures could exceed 30 for some months of the year in the 2080s.

Figurel9. Maps of HadGEMBIIROCESMCHEMminimum temperature (Tmin) change from a 1982010 baseline to the 2080s for
each of the seasons; DJF, MAM, JJAS, ON.
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Figure20. Plot of average Tmin over Bangladesh by month for HadGBEMROCESMCHEMor individual years in the 2080geriod,
overlaid on to the shaded envelope of the Tmin values by rttofor HadGEM3aVIIROGCESMCHEMor individual years in the 1981
2010 period. The thicker, black line is the mean profile of all years betw@0712100.

Projections of changes in rainfall over Bangladesh are less robust than forregomee The different model

runs in the ensemble show more variation between each other in thekfgnclimate change. However, in
general, all the ensemble member projections show a small average indreasefall across Bangladesh by the
2050s Figure 2). The majority of this increase occurs during the monsoonthrs which is currently the

wettest period of the year. It is also important to note that althougbstof the models show increased rainfall
during monsoon months, there is little agreement between the ensemble peesnon the spatial pattern of
rainfall changes by $12050s (Section 8.2, AppendixFjure 58).

Figure21. Maps of HadGEMBIIROGCESMCHEMotal annual precipitation change from a 1982010 baseline to the 2050s for each of
the seasons; DJF, MAM, JJAS, ON.

The overall magnitude of monsoon rainfall in the 2050s indicate the clingitalbrange of rainfall will largely
overlap with the rainfall rangexperienced in the recent pafigure 22), suggesting that the intensity of
monsoon rainfall will remain unchanged from present day. Howdugure years of much higher or lower
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rainfall cannot be ruled outhe interannual variability in total monsoonmgall remains large in the 2050s but
the variability of when this rainfall occurs ddibe greater than present day.

Figure22. Plot of average total precipitation over Bangladesh by month for I&&M3MIROCESMCHEMor individual years in the
2050s period, overlaid on to the shaded envelope of the gipgtation values by month for HadGEMSIIROCESMCHEMor individual
years in the 19842010 period. The thicker, black line is the mean profile of all years betw@041L-2070.

Projections of changes in rainfall out to the 2080s show a slightlpgrasignal, with greater agreement

between the models in the ensemble on the direction andssmality of changes. Figure 23 shows the change in
average rainfall for each seasfor the HadGEMBIROCGESMCHEMmModel during the 2080s compared to the
1981-2010 period. There is little change during most of the year, but with anandicof increases in average
rainfall during the monsoon months and increased interannual variability in rainfall compatbd 2050s. This
potential increase of monsoon rainfall is reflected in the other ensemble Inees) but the level of change

varies across the models, and there is no consistent spatial patterniferevthis additional raifall will occur

(See Appendix,Brigure 63 for projections from other ensemble members).

The interannual variability in rainfall means that even by the 2080s there is a large overlapdintiatological
range in the future period in comparison with the preseéaty. The increase in average monsoonal rainfall is
more apparent by the 2080s (Figure 24), compared to the 205@sendither more or less monsoonal rainfall
couldoccur. The signal from the ensemble runs do not indicate a change in the seagahdfiemonsoon
period by either the 2050s or 2080s but they do indicateaabening in the monsoon with raipetentially
starting earlier and finishing later. This result is consistent with the CouptetMntercomparison Project
(CMIR5) ensemble results (Christensen et al. 2013).

Project 603864 23



Figure23. Maps of HadGEMBIIROGCESMCHEMotal annual precipitation change from a 1982010 baseline to the 2080s for each of
the seasons; DJF, MAM, JJAS, ON.

Figure24. Plotof average precipitation over Bangladesh by month for Hadd&d&MIROCGESMCHEMor individual years in the 2080s
period, overlaid on to the shaded envelope of the precigiitan values by month for HadGEMBIIROGESMCHEMor individual years
in the 198%2010period. The thicker, black line is the mean profile of all yeardveeen 20712100.
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5. Regional assessments of food security and climate change in Baaglad

So far this report has focused on understanding the curreatus of food security and livelihoods Bangladesh
and presenting descriptions of the baseline climate and projected trenth&imain climate variables
(temperature and rainfall) from the higlesolution HELIX global climate model projections. Ingaition, we
focus on pulling all of this information together, along with results frontgmeclimate impacts studies from
the HELIX project and existing literature, to highlight the main threapsaécted climate changes to food
security and livelihoods in Bangladesh. In order to bettetarstand the food system geography and the
impacts of climate variability and change in Bangladesh, the country has beentspiégions based on shared
regional characteristics and challenges that have been identified in the BanglBééa 2100 plah(Figure 25).
This divides the country intgixregions, with a connection area in between. Hiaegions are:

x Coastakone
Chittagong Hill Tracts and adjaceeast
Haor region
Barindand droughtproneregion
North and Central floogbrone zone

x UrbanAreas
These broadly correspond to areas which are affected predominantly by dr@Bagtind region), heavy rainfall
and flash flooding (Haor regi@nd the areas@joining major rivers in the north and centnagion), salinity
intrusion, drought and cyones (Coastal region), and landslides (Chittagong Hill Jratts climate change
impacts for each of these regioase explored in this sectioand a summary is provided in Section 5.7.

xX X X

Figure25. Map ofclimate vulnerableregions of Bangladestproduced byWFP by combining the climate hazards hotspot miamd the
Bangladesh Delt&@lan2100hotspots®.

4The Delta 2100 plan is a project undertaken by the government of Bangladesh, inatampeiith the government of the Netherlands to
create a long term vision for the Delta’s future.

5 hitp://documents.wfp.org/stellent/groups/public/doaments/ena/wfp282622.pdf? _ga=2.144657717.1622175222.1504861351-
494871285.1502353336

8 http://www.bangladeshdeltaplan2100.gvdelta-plan/hotspots/
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5.1 CoastalZone

The coastal region of Bangladesh is extremelyliomg; 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 suadaleses rise, cyclones
and associated impacts, satinintrusion, land subsistence, watrgging, storm surges and tidal flooding
(Abedin and Shaw, 2012). These hazards are compoundea ligahthat the coastal divisions of Khulna and
Barisal are home to the poorest people in the country (Figure 3Yi@ssbordering the mouth of the Lower
Meghna River are at especial risk to flooding, river bank erosion, as wellrassstges and cyclone impacts
which reach further inland in these districts. The nareowinorphology of the coastline and the channeling
effect of islands have the effect of amplifying storm surge and cyclone ispatiese districts. The higher tide
level reached during Octob@&tovember coinciding with the maximum discharge of the MedRivermakes
these months particularly hazardous (Khan, 2013). The combined rethdt ihe 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 approximatelillidd people (Roy, 2011). Auod

85% of people in the coastal region depend on agriculture dietto high demand for land suitable for living
and farming on, many of these households are essentially landless; for ias&¥6 of the households own less
than 0.2 hectares of land (kar et al. 2015). In recent years, shrimp farming has brought a significardramon
boost to the coastal regions due to foreign exports (DoF, 2010) amahione of the main economic activities

in this region, especially in the southwest districts of Bagerhat (29%hi&a19%), Khulna (19%) (Islam and
Ahmad, 2004, ‘Fisheries’, Bangladpedia 2015), where 75% of prawn famastigureside (Ahmed et. al 2008).
The Sundarban (dense forest area) in the semdst coastal area is not only an important memge ecosystem,
but is also an economically vital nursery ground for rearing shrimp fry (Ahmediana, 2015, Das et al. 2016).
However, shrimp farming has also damaged land through destroying natural hathitdtsas mangroves. It has
also increased thealinity of the soil and fresh water which has resulted in economic damageatio ru
communities in the area (Ali, 2006). This has led to the coastal region agli@ptimixture of agricultural

practices which involve farmers rotating shrimp, prawn and fish farming with riceeegetable farming

(Abedin and Shaw, 2012). During the high salinity seasongdaiuly), shrimp farmers culture brackish water
shrimp and fish. In the low salinity season (Augbdstember), shrimp farmers culture freshwater shrinmol a
fish, and cultivate saltesistantamanrice andbororice in more elevated areas during the period when brackish
water or freshwater shrimp in lower lying areas are harvested. In addition to pHemming, the marine

fisheries operated from these ramis make up approximately 16% of national fish produc(leiRSS, 2016) but
over-exploitation has resulted in declining fish stocks (Shazeman et al. 2017).

5.1.2 Current and future climate impacts
The climate impacts which affect the coastal region vary dependingstmictl Figure 26 maps some of the
coastal hazards as a proportion of households affected.

Perhaps the most ubiquitous problem faced by the coastgion is the impact of cyclones and storm surges
which can occur in May and Octobdpbvember, aiecting a very large proportion of households. Cyclones can
reduce the land area available for agriculture through storm surges and coastdihfip and through increasing
soil salinity to concentrations unsuitable for agriculture (Sarwar and Islan3).2ZDie cyclone season coincides
with the planting otororice, making this variety of rice unfeasible in the lowang coastal areas (Figure 6). In
addition, the cultivation of higheyielding varieties obororequires intensive irrigation which diffittuo

achieve in the coastal region as a result of the salinity of the shalepth water table along the coast. The
deeper, freshwater aquifers in this region are too economically costlygtoixor irrigation (Krupnik et al.
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2017). However, one of threasons why cyclones can be particularly destructive is because theijdeaivith
the annual harvest of thamancrop, the dominant rice crop grown here. Cyclone Sidr in 2007, for example,
destroyed up to ~70% of the annual productioraaiancrop in tre most affected areas (Saha and Barmon,
2015). Cyclones also occur during the peak season of gifigirming and can wash debris and decomposing
organisms into culture ponds reducing the oxygen contenhefwater (Ahmed and Diana, 2015).

Trends in the change in frequency of tropical cyclones in the Bay of Bemgeét decades are not well
understood. A number of studies have indicated a decreasing trend in tindeof cyclones (Srivastava et al.
2000, Singh et al. 2000, Niyas et28109), whereas othergrojectan increasing trend (Singh, 2010). In addition,
there is low confidence in projections of future cyclone activity. Tthedsuse climate models are not currently
run at sufficiently high resolution to accurately simulateeimge storms, and the record of observations contains
an insufficient number of events to obtain robust information about extrenitssgain & Miah, 2001).

However, despite uncertainty in the long term trend in tregdicyclone activity in the region, a peofed rise in
sea level could worsen coastal flooding caused by storm surges andesycldwerefore, districts which are most
affected by sea level rise would also be more susceptible to impactslohegand storm surges.

Projections of sea level riseimmarized in the Intergovernmental Panel on Climate Change (IRGC) F
Assessment Report (AR5) indicate that global sea level could rise-B@thdy 2100, from a baseline level in
2000, under a high greenhouse gas concentration scenario (RCinghe Bay of Bengal (IPCC, 2013). Based on
this estimation of sea level rise, a HELIX impact study applied a hydrmagtymodel (Delft3d) under the
scenario of a 0.5m, 1 m and 1.5m rise in sea level (HELIX D9.2, 24{itey Gh These projections indicated
substantial inundation along the coast and in lower estuary regiigsire 27 taken from this report shows the
regions of inundation, and the depth of inundation for .5f sea level rise. In addition to the direct impacts on
coastal communities, sea level rise threatens a region known as the Sundawgddah is the largest mangrove
forest area in the world. The Sundarbans have a critical role in the ecology,rengimband economy of
Bangladesh and offer vital protection to the southwest coast frontoos. The projections showed that under
a 0.5m, 1m and 1.5m rise in sea level around 12%, 43% &adBhe Sundarbans respectively could be
inundated with sea water (HELIX D9.2, 2015; Chapter 5).

Coastal flooding can occur as a consequence of cyclones, storm sutgs/r rainfall during the monsoon
season which causes higher peak river discharge. Flooding can lead to a detageiadonal plantation @man
rice crop (Abedin and Shaw, 20Eahman et al. 2015a). Flooding can also lead to the escape of prawns and
introduces predatory fish into ponds, as well as spreadingases and parasites (Ahmed and Diana, 2016).

Changes in monsoon rainfall, which are important for coastal floodingyarerell understood, and observation
of the recent past indicates that such trends are either uncertain or smalh@sl et al. 2013). Projections of
longterm changes in monsoon rainfall indicate an increase in the overall rainfall amouatsaasd withthe
monsoon under a warmer climate (Turner & Annamalai, 2012), and projedtimmsthe HadGEM3 HELIX
climate model runs support this (Figures 22 & 24). However, changeasorslity, intensity and reliability of
the monsoon are much less well understh@nd locally, particularly in the southwest coastal regions of
Bangladesh, some projects indicated decreases in average rainfall (HEL.ROD®;, part B, Chapter 2).
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Figure26. Selected climate impacts in Bangladesh. Thanber of households affected by a. Salinity intrusion, o®n surges c.
Cyclones. Data provided by the Bangladesh Bureau of StatiSE&S] disaster database.

Figure27. Depth of seawater inundation under a 0.5m sea levekriscenario, according to the Delft3d hydrodynamic model used
the HELIX impact study investigating extreme sea level rise in coastagjBdesh, (HELIX D9.2, 2015; Chapter 5).
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In addition to cyclones, storm surges and flooding which tendftect the central coast around the mouth of
the Meghna river, households on the western coastal area in particular are alscedftectirought and high
salinity levels. This reflects the fact that the west side of Bangladesivesdess annual rainfall than the
eadern side (Figure 7d). Seasonally, water stress tends to affect housahdite winter months when there is
lower rainfall and lower river discharge. Low rainfall amounts occurring in the winterhaarfitects theaman
crop at the ripening stage, and atfts theboroand wheat crop at both germination and vegetative growth
stages when they are most susceptible to damage (Abedin & Shaw, 20dd)ling of thebororice crop
undertaken as part of the HELIX project indicated that areas around thk soastcould experience a 120%
decrease irboroyield by the 2030s, with a wider area affected by the 2080s, due to theajmece of winter
drought conditions which persist despite potentially higher rainfall (HERLIX R016; part B, chapter 2).

Rainfall during the dry season will also determine the salinity of the soil whictieteérmine the suitability for
growingamancrop. For rice, soil salinity can reduce the potential for growimgnbecause salinity is highest
from Januandune, when themancropis in the ground, although growing saline resistant rice varieties has
partially alleviated this problem (Abedin and Shaw, 2013). For freshwater shrigier salinity exacerbated by
high spring tides and storm surges during the-pned postmonsoon seaons can also increase the mortality of
shrimp larvae and the incidence of disease such as black spot, whitébedyg color, gill disease, and tail rot
(Ahmed and Diana, 2016). Mondal et al. 2013 suggests there was aas@dnewinter rainfall betweefh948
2010 with an overall increase in the number of rainy days in a year and maxinonuimer of consecutive rainy
days in Khulna. This contrasts to the 8.22% projected dser rainfall expected during the 2050s and 2080s
over southwest Bangladesh relae to a 19712000 baseline which could proliferate drought conditions and soil
salinity in the winter period (HELIX D9.2, 2015; Chapter 4a,, Fahad @t 3). 2

Soil salinity is affected by river discharge as well as directly by rainfall. Peak dharglksrates occur during

the monsoon, which corresponds to a period of lowemsglj and minimum discharge occurs during the drier,
winter months which is when salinity is at its highest (Zaman et al. 20gr\&bstraction upstream as well as
construdion of coastal polders has been shown to have a significant effect on hgiralehanges in the
southwest coastal region in the present day (Mondal et @.3). Mathison et al. 2015 showed that annual
mean river flows of the Ganges and Brahmaputradased during peak flow periods. This conclusion supports a
HELIX impact study which used 11 regional climate modelsgess changes in the hydrology of the Ganga
Basin suggested that water yield could increase by the 2G&fentially reducing drought conditions in the
Ganga basin (HELIX D9.3, 2016; Part A, Mohammed et a). 20ibther study suggested dredging the mouth of
the Gorai River would allow more freshwater to flow into the region from@amges, potentially alleviating
drought conditions andaline intrusion during the dry winter months (Zaman et al. 2016).

In addition to changes in rainfall and river flow, increases in maximum temperatunesghout the seasonal
cycle will affect drought conditions and could also exceed optimum growitesaof rice (280°C) (HELIX D9.3,
2016; Part B, Chapter 2), and shrimp which require water temperatures-81°8(Ahmed and Diana, 2016).
Current trends in maximum temperatures from 192810 indicate that the average maximum temperature
during themonsoon season is rising at 0°@4per year in Khulna (Mondal et al. 2013). Maximum temperatures
are projected to increase under all climate change scenarios; the HadGEMZdtimae! runs for HELIX
indicate that by the 2050s the average daily maximumgenrature will be the equivalent of an extremely hot
day observed in the baseline climate, and abov#30vhich would be outside of the optimum temperature
range for theamancrop during it's growing season (Figure 14). These high tempesatluring the peak shrimp
farming season (Mageptember) could also reduce dissolved water content for shrimp girat&wn larvae,
once they exceed 3C (Ahmed and Diana, 2016).
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5.2 Chittagong Hill Tracts and adjaceobast

The southeast region of Bangladesh consistsltsf énd upland areas (Chittagong Hill Tracts), as well as long
stretches of narrow beach (Cox’s Bazar and Patenga). It is also home to Bahglagcond largest city,
Chittagong. Most of the upland areas contain national forest reserveselhss thelarge manmade reservoir,
Kaptai Lake. Farming in the upland hill tract is challenged by flash flooding evaintsitise landslides and soll
erosion. Along the coastal area of the region, high soil salinity can affebetdthy production of crops.
Although the hill tracts make up 10% of the total land area, only 1% of the gosipbpulation lives here, 90%
of whom live rurally (Unicef, 2017). This region is ajposiflict area, following the Peace Accord signed in 1997
and is home to the indigenoudumma population as well as an increasing numbeRohingya Muslim

refugees fleeing persecution in northwest Myanmar. Around 230,008gistered refugees are estimated to be
staying in two camps in Cox’s Bazar and Chittagong (UNHCR, BangladesletzzisheDespite a lower
population density than the rest of the country, this regis home to many vulnerable rural communities.
Infrastructure is poor and livelihoods are not diverse, with only 23%eofathd suitable for arable farming
(Badiuzzaman and Murshed, 2015).

5.2.1 Chittagong Hill Tracts and adjaceabastlivelihoods

In the rural areas of the southeastern region, the dominant livelihood agiiwisubsistence farming and casual
labour, often subsidised with external remittances, (WFP, 2017). Faremgaged in subsistence farming tend
to own very little land (Figure 28) and seasonal migration of workers foe \edogpur, primarily to India, is
common during times of little employment (WFP, 2017). Forestuiess are an essential component of rural
livelihoods in the upland Chittagong Hill tracts (Rangamati, Kblagrieand Bandarban districts) where the
indigenousJummapeople engage in traditionadwidden cultivation. This involves ‘slasimd-burn’ agriculture
where the swiddern field is driedn JanuaryFebruary time and burned in April, which naturally fertilises the
ground, without the need for manure. During the preonsoon rains, rice, fruit and vegetable seeds are then
‘dibbled’ into the ground (Roy, 2000). Traditionadiyiddenland wascultivated for a short cropping period of 2
3 years and then left fallow for a longer period eé2® years to allow the soil to recover. However, the
introduction of exotic species as cash crops such as teakptneapples and rubber, has put pressure on land
availability and led to farmers reducing the fallow period 8 fears, lowering productivity (Khaled, 2016).
Farmers predominantly growamanrice in a single crop or double cramanandbororice (Biswas and Biswas,
2014).

Figure28. Percentage of households operating <0.04 acres of land. Data proMimjethe Bangladesh Bureau of Statistics (BBS) disaster
database.
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In the coastal areas of the Southeast, shrimp farming is important, espeni@ltyx’'s Bazar. Coastakas were
traditionally used to cultivatéororice 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 €8dswvar and Islam, 2013) and greater
exposure to detsuction by storms and flooding in this region. Salt farming has becoméyhpgbfitable in the

last few years. 2016 was the first year where the Government discouragedchfort of salt to Bangladesh and
consequently farmers in Cox’s Bazar made a lgpg#it (Dhaka Tribune, February 2016). Typically, salt farms in
Bangladesh are small and manually operated by all the family (Hossain et al. 200@gurela supply of
freshwater and protection from storms which can contaminate the salt vatids Prauction of salt occurs

from DecembetApril with an evaporation maximum in Janugkpril when temperatures are high and winds are
stronger (Hossain et al. 2006).

To the east of Chittagong, Kaptai Lake is a-made dam on the river Karnafuli built for hydelectrical power
generation in 196@1. Since then it has become the single largest inland cafiglrery in the country
managed by the Bangladesh Fisheries Development Corporation (BFBi@jnix, 2011). Urban areas of
Chittagong are home to more diversified livelihoods which include govenhrfactory 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 deddnbthe wider coastal zone, ¢h
greatest immediate threat to this region is flash flooding and landslidesr@2%). These usually occur from
mid-April to the end of the month, during the praonsoon storms and as a result of heavy rainfall during the
monsoon season. This can cause land degradation througlofail and nutrients from the hills (Biswas and
Biswas, 2014).

Figure29. Number of households affected by landslides between 221814, Data provided by the Bangladesh Bureau of Statistics
(BBSYisaster database.

Flash floods in the preronsoon season can be problematic for standingorice crop and worsen the soll
conditions for planting rice in thewiddenfields. Inconsistent rainfall during the preonsoon season can also
limit the opporturity to growausrice and demands the installation of irrigation facilitiestfororice. An impact
study as part of the HELIX project investigated precipitation extrewmesBangladesh anarojectedan overall
increase in prenonsoon rainfall for a rangaf timescales under a high greenhouse gas concentration sicenar
(RCP8.5), albeit with a large uncertainty range (see Figure 30) (HELIX(2S: Chapter 4a; Fahad et al. 2017).
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Figure30. Projected future changes in monthjyrecipitation (mm) for the 2020s, 2050s, and 2080s with respect to a baseline of-1971
2000. Adopted from HELIX D9.2, 2015; Chapter 4a, Fahad et al. 2017.

Soil salinity is also a problem in this region, especially during Jaduaeyprior to theamangrowing period.

During the cyclone season (pr@nd postmonsoon), this region experiences storm surges which can affect rice
production on the coast. In response some rice farmers have cord/ér&er land into salt pans. Production of
sea salt is dependent dhe length of the dry season and the evaporation maximunictvieccurs in January
April. Therefore any changes in the lengths of the monsoon season andrtter season will affect the
production of salt (Figure 31).

Figure31.The impacts of changes in the monsoon season length on the livelits of salt producers. From Hossain et al. 2006

Projections of changes in rainfall over Bangladesh do not provide evideacghif in the timing of seasonal
rainfall (Figures 22 & 243|though heavier rainfall during the monsoon could wastdsato crops and salt
causing contamination (HELIX D2.9, 2015; Chapter 4a).

Projections of changes in temperature show a consistent pattern of warover time (See Section 4.2). These
higher temperatures could be beneficial to the salt industry by increasing evaporatienthe dry season and
therefore increasing salt production. However, maximum temperatures ebgnoutside of the 280°C
threshold foramanrice during the monsoon season, as shown by in 2050s a8@s2AFigures 14 & 16) could
lead to a lower production of rice in this region. Projections from the Had¥>hilhate model runs for the
HELIX project indicate that an increase in the frequendydamation of exceeihg these thresholds over time.
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An impact study for the HELIX project focused on sea level rise (BEER|X2015; Chapter pyojectedthat the
Chittagong Hill Tracts will experience little impact from sea level rise. Hoyaeseudy investigating the spatial
variation insea level trends along the Bangladesh coast for the period 0f-1998 showed that sea level rise
was highest in Cox’s Bazar at a rate of 7.8mm/year compar€thénChanga (6.0 mm/year), and Hiron Point
(4.0 mml/year) (Singh, 2002). Seasonally, sea fawngles from 0.3.5m from highest river discharge during
JuneAugust to lows in Januadylarch (Khandker, 1997). Therefore, any increase in river discharge doing t
peak discharge season (Jufiegust) could also make the eastern coast more vulnerabteastal flooding and
sea level rise. Two HELIX studies conducted under RCR®3 isegional climate models projected an
increase in magnitude of the median river discharge of the Brahmaputra at the Bahadwstation from
2050s2080s (HELIX D9.3, 20Fart B, Chapter 1, HELIX D9.2, 2015; Chapter 4b)s Bhisported by Mathison
et al. 2015 who indicate that the river flow in the Gangahmaputra basin will increase during peak flow
periods in the 2050s and 2080s.

Construction of any coastal embanknts designed to defend against higher seasonal sea levelstarm
surges should take into account, not only of sea level rise, but la¢stréquency and severity of flash flooding
which may threaten the integrity of these embankments (Sarwar and Jt848).

5.3 Haor region

Thehaorregion is bordered to the north by the hill ranges of Infiaghalaya, which make it prone to the
highest rainfall zone annually and is therefore at risk of flash floods and heavy rainfaladriasin receives
runoff fromrivers during the monsoon and dries up in the poginsoon periodFor 67 months during the
monsoon there is extensive flooding and cropped land is detely inundated (Figure 32). As a result there is
only a singléororice crop season each year (IFRD11), although some areas which escape flooding do
cultivate transplantecamanin addition tobororice (BBS, 2011Maors are productive wetland and support
extensive biodiversity which make the region a natural fishing ground. 3tueenof seasonaldloding leaves
people living in thénaorregion particularly exposed to climate impacts.

Figure32. The number of households affected by flooding. Data praddby the Bangladesh Bureau of Statistics (BBS) disaster
database.
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5.3.1 Haorlivelihoods

Approximately 8 million people live in the Sylhet (northeast) divisidBamgladesh with the majority of these
households depending on rice, fisheries and tea producfidfs of the households in the northeast region are
landless, whichalongside monecrop pororice) cultivation and seasonal unemployment, contribute$ood
insecurity here (Sarma, 2010). Rural poor inliherregion rely on cultivation dfororice crop for their main
source of income, but often need to supplement thish off-farm labour or work in fisheries (Sarma, 2010).
Seasonal flooding during the monsoon fe¥ énonths of the year results in high levels of seasonal migration,
predominantly of young males (Sumon and Islam, 2012, yRabal. 2011). Animal husbandry has declined in
recent years, due to the conversion of grazing land intopegdy for cultivation and an increased demand for
land due to growing population densit§i{ingham,2016).

5.3.2Current and future climate impacts

The main climate hazard in the northeastetaorregion is premonsoon flash flooding which occurs in April
May. This is caused by a combination local conveatrdren rainfall and ruroff from the Shilbng and

Meghalaya Hills to the north, and the Tripura Hills to the east in India (Gillinghan), Z0&8e flash floods pose
a significant risk to the standirmprorice crop and typically occur 24 hours after heavy rainfall. In the spring of
2017, for exanple, flash floods washed away 100,000 hectardsood rice and caused an increase in rice prices
(Dhaka Tribune, April 2017). Current observations tsn@vn no significant changes in the precipitation indices
in the Haorregion from 1962008 (Saniruzraan, 2014). An impacts study undertaken as part of the XELI
project examined potential changes in extreme precipitation under FEGR®g 11 regional climate models
(RCMs) for the 2050s and 2080s. This concluded that fdlttheastermregion there was little agreement on
the sign of change in precipitation for the pm@onsoon period and that changes in rainfall in this region and
season would not be significant relative to the current climatological variabiEy (X D9.2, 2015, Chapter 4a).

If the monsoon floods arrive later than usual, this can delay the planting dbdinecrop which in turn delays

the harvest. The result can be a greater exposure of the crop to flasttirflgp in AprilMay. This is also a

problem when cultivating higheyieldingvarieties ofoororice which typically take longer to reach maturity than
traditional varieties. The late maturation results in a later harvest whiglngss the crop to a greater risk of
flash floods in AprMay (Sumon and Islam, 2012). The extent of smmm flooding will also determine how
much surface water is available for cultivatimgrorice in the dry season, as farmers typically rely on the gravity
flow of surface water for this purpose as opposed to groundwater irriggi&mon and Islam, 201Barmers
from this region have reported that monsoon rainfall has evolved away frasigtent, prolonged rainfall
towards heavier downpour episodes suggesting a shift in thamhjes of monsoon rainfall (Ahmed, 2013). An
increase in monsoon rainfall woutdeate deeper floods which could leave less land for cultivation, as well as
causing destruction of inland aquaculture ponds in usendukilayOctober which can be overtopped with
floodwater, introducing predators and causing fish to ggcéSumon and ks, 2012). Greater monsoon rainfall
and increased melting of Himalayan glaciers during the summer period can alsqyoeatss river discharge
resulting in land erosion during Ju#@igust which would particularly affect the livelihoods and safetghaf
dwellers and people living on the riverine mainland. Preliminary results from aacis\ptudy undertaken as
part of the HELIX project investigated the impact of Himalayan glacial mainoff of the Ganges and
Brahmaputra rivers. This study showed that.54 °C warming for the 20569 period relative to the 1972000
period is associated with a large increase in precipitation, but a decrease inesoréess balance of the
HimalayarKarakoram glacier melt (HELIX D9.2, 2015; Chapter 7).

Monsoonal flooding in this region is also associated waifi¢h (waves) which occur in Jw8eptember and can
cause erosion of elevated lanka@tis)which reduces the land available for infrastructure, homes and livestock
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(Sumon and Islam, 2012). Although these wavesanemon throughout theéhaorregion, they are particularly
destructive in the deepaors of Southern Sunamganj, Netrokona and Kishoreganjaist{hmed, 2013).

Observational data indicates that the annual average maximum temperatuhe iregion has irreased from
19572012 by 0.023C per year (Rahman et al. 2015b). The HadGEM3 climate model runs for thals&LI1X
show increasing minimum and maximum temperatures durirgggfowing season dfororice over time, as do
all the climate change scenarios €sgection 4.2). Increasing temperatures in the climate models are thdoig
be the main driver of progressive reductions in tieorice yield from the 2030s to 2080s, due to increased
likelihood of winter droughts (HELIX D9.3, 2016; Part B, Chaptdigtler temperatures could also affect the
survival of fish larvae during the freshwater fishing season which occurs frorOktaper. Although this region
is not directly affected by sea level rise, annual flooding could rinecless be exacerbated byadevel rise
which would act to raise river levels downstream at Chandpur (IFAD, 2011)hér ftompounding factor is
that tectonic activity in théaorregion which is causing it to sink byt2nm/yr (Goodbred and Kuehl, 2000).

5.4 North and Central floogprone zone

People living in the central region of Bangladesh either exist in the rivemndand or on sandbars formed in
the middle of rivers, otherwise known abars Thesecharsform due to the erosion and accretion of the
Jamuna, Padma and Meghnaetis which create sandbars in the river channel, or attached to riverbanks. The
stability of these sandbars, aharsdepends on the grain size and the resistance to erosion of the sediment
which forms them. For instance, tlolarsin the Jamuna and PadmévBrs are more unstable than those in the
Ganges, Padma and lower Meghna Rivers (Rahman and Rahman, 201 thabstsecome vegetated, they are
colonized and used for agriculturBdghmarand Davis, 2005). There are approximately 6.5 million people living
on chars(~5% of the population) (Blitz, 2014). Due to the expesiicharsto flooding and erosion, up to
600,000 people each year are displaced to otttears(Blitz, 2014). People living in the riverine mainland areas
are also affected by riverbank erosion but are relatively less vulnerablectrenpeople because they are

better connected to transport and other services (Alam, 2017).

5.4.1 North and Central zondivelihoods

For people living osharland, subsistence agriculture, animal husbandry and fishing are the main livelihood
activities. The predominant rice cropping dmarland occurs in two seasorisroandamanrice. These crops
are grown for subsistenceather than to sellCharland it is an extremely dynamic environment so intensive
flooding and erosion are a constant threat, with people often havingetocate approximately every 2 years
(Blitz, 2014)Charpeople do not typically own land or capital so moving to the riverine mainland isosstble.
Instead, they rely on selling their livestock and produce as their mainesafiifacome in order to do essential
repairs on houses (Das, 2015).

People living in the riverine mainland districts are bagserable tharcharpeople because they are generally
better educated and have better transport and services which allows them tat &élakeip incomes more easily
(Alam, 2017). Riverine districts pgeminantly rely on fish farming as their livelihood doghe good
availability of fish fry and ponds, with one annual culture period occurring fromBedémber (Ahmed, 2009).

5.4.2 Current and future climate impacts

Themajor climate hazard to the major rivers and adjoining areas is monsoonal flooHioly @n cause the
level of rivers to riseA HELIX studyuggests that the mean monthly river discharge for both the Ganges and
Brahmaputra could progressively increase from the 2050s to 2080s, alihbagincertainty on these
projections are large (Figure 33) (HELIX D9.3, 2016; Part B, Cha@ezdlpr rive discharge can introduce
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large amounts of silt and sand which exacerbate flooding and reduce theaustitlyglowering productivity
(Ahmed, 2013)Rainfall projections suggest that monsoon rainfall could increase in the f(figare 21, 23)
further exacerbating riverine flooding. For exampthe monsoonal flooding in 2017 caused overflowing in the
BrahmaputraJamuna River basin across 32 districts in the northern, north easterreatidicparts of the
country (Emergency Appeal, Bangladesh: Floods).

Figure33. Mean monthly digharge of the Brahmaputra river using the SWAT hydrological mio¢HELIXD9.3 2016; Part B, Chapter 1)

5.5 Barind and droughiprone areas

The Northwest region of Bangladesh is bounded by the Brahmaputra rivee ®ast and the Ganges river to
the south, and intersected by many other major trébwundary rivers. These rivers experience their heaviest
flow during the monsoon season and aesjponsible for replenishing surface and groundwater levels. During
the dry season, surface water is scarce and groundwater provides the magesaf water for irrigation and
domestic useAlthough this region is not the only area of Bangladesh whiffersufromthe impacts ofdrought,
this hazard is particularly important in this area (Figure 34) because it recenasless rainfall than the
eastern side of Bangladesh (Figure 7d) and experiences higher rainfall variadpktyiadly during pre(March
May) and postmonsoon (OctobeNovember) seasons (Habiba et al. 2013). In addition to lower rainfall, the
March flow of the Ganges is estimated to have decreasedolip 57% due to the construction of the Farakka
barrage by India in 1975 (World BaBangladesh, 1998, Shahid and Behrawan, 2008). The iRatigigion has
the highest proportion of the population in extreme poweih Bangladesh (Figure 3). Its dependency on
agriculture, irrigation and a high variability of annual rainfall makes iésaf the most vulnerable regions in
the country.
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Figure34. Number of households affected by drought for the period Z32014. Data provided by the Bangladesh Bureau of Statistics
(BBS) disaster database.

5.5.1 Barind anddrought-prone regionlivelihoods

Some of the reasons for the high poverty levels in this region are the pd@usidity, reliance on agriculture for
employment, deep water table and greater exposure to weather and climatedtsgRikunujjaman, 2016
Khandker and Mahmud, 2012). There is high seasonal migr&twn this region (especially Rangpur) due to the
prevalence of landless agricultural workers and lack otagmicultural opportunities (Khandker and Mahmud,
2012). The population in this region arere susceptible to seasonal hungerdngag and hence migration to

find jobs and food. This is demonstrated in the highly sealsfmod consumption in this region which is more
pronounced in the Rangpur division compared to the reghefcountry (Figur&5). The dip in food expenditure
duringmongais due to seasonality in income, rather than rice price seasonality (Khandker amadudah012).

Figure35. Seasonality in food consumption in the Rangpur division 2005 comparedo the rest of Bangladesh. Figure taken from
Khandker and Mahmud, 2012.

The main livelihood for people in this region is the produtbfausandbororice, winter vegetables, and fruits
including several varieties of mangoes. The practice of plantingagsamongst the rice crop is common and
helps to minimize the yield loss which occurs through droughivedsas acting as an important cash crop
(Habiba et al. 2013). Traditionally farmers relied on monsoon rains to cultivaeiteausrice crop (Habibat al.
2013). However, since the expansion of the Barind Integrated Area Deveta@roject in the mid. 980s,
farmers now use groundwater irrigation as the main source of water. As a besoltice is now the dominant
crop grown in this region (Habile al. 2013). All rivers and canals dry up during the winter season and
insufficient surface water is available for irrigation so approximately 75% of ther deatirrigation comes from
groundwater, making it instrumental to the survival of crops and peopleignrdgion (Bari and Anwa000
Adhikary et al. 2013). Other vulnerable livelihoods in this region include péeiplg oncharswho are
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essetrtially landless and are most likely to adopt coping mechanisms such as seagemagi@tion during
monga(Khandker and Mahmud, 2012).

5.5.2 Current and future climate impacts

The western side of Bangladesh has higher maximum daily temperaturesveerdréonfall than the eastern side
(Figure 7&d). During the summer months, daily maximum temperatwas reach up to 45 °C (e.g. in Natore),
whereas wintertime temperatures can go down to 5 °C in some places in irajg Rangpur districts (Shahid
and Behrawan, 2008).

The dominant climate hazard in this region is drought. Drougyigally occur during the preand post

monsoon season but occasionally extend into the monsbtrere is a delayed onset of monsoon rains (Habiba
et al. 2013). This affects thmrorice crop but can also damage broadcassrice crop too (Saha and Barmon,
2015). Recurring droughts on consecutive years can be tst destructive. For instance, the droughts in 1978
and 1979 affected 42% of cultivated land in Bangladesh and reduced rice prodogtapproximately 2 million
tons (Brammer, 1987). Other major droughts in this region have occurEebi, 1969, 1973, 1978, 1979,
1981, 1982, 1989, 1992, 1994, 1995, 1998, 2000, 2006 and 2009 which have all cessedialreduction in
food production (Habiba et al. 2013). For instance, the iptast droughts in the 1990s caused an estimated
shortfall of 3.5 million tons of rice (Saha and Barmon, 20l % therefore vital to understand how seasonal
rainfall variability and river flow will change, as this region relies on river flow for surface water an
replenishment of groundwater for the successful produstad bororice.

Seasonally, river flow starts decreasing in October, reaching its lowest flewluwehg Februarmvarch, which
persists until June. Monsoon rainfall provides the majority of the surfacenflate between JuhSeptember. In
the longterm, surface water levels have been declinver the 19902000s (Rahaman et al. 2016), as have
ground water tables (1.37 ft/y in wet season and 0.72 ft/yhia try season (Rahman and Mahbub, 2012)) due
to increasing demand from the shift from traditionally rded austo irrigatedborocrop. The Brahmaputra is

the main source of surface water flowing into this region. A climate impsotlyy was undertaken as part of the
HELIX project and used 11 regional climate models to analyse theyimamics of the Brahmaputra River under
the RCP8.5 sceria (HELIX D9.3, 2016; Part B, Chapter 1). This study projected anérioresiafall over the
Himalaya’'s during the monsoon. As a result the Brahmaputra river median dischautgbimcrease, in the pre
monsoon months (Aprlune) by 148%, and througbut the monsoon months (Julgeptember) by -40% in

the 2050s; and between 124% (AprilJune) to 317% (JuhBeptember) in the 2080s (HELIX D9.3, 2016; Part B,
Chapter 1). This impact study in the Brahmaputra river also projected thdtdar extremes will become less
frequent (driven by greater rainfall) from 205@680s. It should be noted that there were large uncertamoa
these estimates (Figure 33). However, Mathison et al. 2015 apgmosiian increased river flow in the Ganges
Brahmaputra basiduring the 2050s and 2080s. A second impact study, alsoriak@a as part of the HELIX
project used the same hydrologic model and soil moistudexnin the Ganga basin apdojecteda reduction in
drought conditions and increase in peak discharge froen2050s80s (HELIX D9.3, 2016; Part A). However, this
increase in river flow does not necessarily translate into a reduction ingthtozonditions, as it also coincides
with an increase in demand for groundwater and a steadily declining water tab@ulgl there is potential for
an increase in monsoon rainfall, the inti@nnual variability in monsoon rainfall is likely to play a larger role in
determining the surface water available for seasonal replenishment of groatedywvhich will then determine
the likelihood of a drought occurring in thrabi season. Longerm depletion of surface and groundwater will
lead to the need to install more deep tulveells which will increase the cost of irrigation for farmers and have
negative impacts on fisheries (Rahamet al. 2016).
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Current longterm trends in climate show that annual average maximum temperature ltagdsed by 0.16C
from 19942013 and the annual minimum temperature has increased byd (Rahaman et al. 2016). This trend
is consistent with the icrease in annual minimum and maximum temperatures shown in the HadGEMBeclim
model runs under the HELIX project shown in section 4.2URE€CP8.5 for the 2050s and 2080s. Average
maximum temperatures in the 205@9s are increasing above levels previgudserved in the baseline period
(Figures 8 &16), which could particularly affect the growthwsrice in this region which is cultivated at the
hottest time of year. A HELIX project impact study has suggestetdhatrop yields will decline in thiggion

by between-2 and-10% driven by higher miniumum and maximum temperaturescestamting 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 84e total population with a 3.4% rise each year
(World Bank, 2017). Livelihoods in cities tend to be more diverse thrahateas with many people, (especially
women) working in the garment industry, (especially in Dhaka), a secichwiakes 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 é& senployment and
opportunities and avoid disasténduced poverty has led to the growth of urban slums (Rabbgaal. 2011).
Most of the income of urban dwellers is spent on food (Hossain, 20lithwmeans 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 a#uated near tothe confluence of the
Ganges and Brahmaputra rivers. Additionally, many of the slums are located irpflmoel areas and water
logging, due to poor drainage, can prolong the effects of any heavy rainfigleCEich et al. 2015). In 2004, for
example, seere flooding inundated 40% of Dhaka and displaced nillidrpeople. Flooding can enhance the
spread of disease, especially gastrtestinal illnesses which can increase the rates of mortality up to a year
following the flood (Thiek&ich et al. 2015).

A climate impact study was undertaken as part of the HELIX projeg 1% regional climate models to assess
the impact of climate change on the frequency, magnitude timihg of extreme discharges and the mean
monthly discharges of Brahmaputra River (BED9.3, 2016; Part B, Chapter 1). This giuojectedthat at the
location of Bahadurabad gauging station the median monstischarge during Jur@eptember could increase
by approximately 9% by the 2050s and approximately 11%e$2@B0s. This resul consistent with Mathison
et al. 2015 who alsprojectedincreases in annual mean river flow during the 2050s and 2080s. A similar HELIX
impact study, on the Ganges basin upstream of Bangladesl sonsiderable uncertainty in water yields
between modelswith some regional climate models showing a decrease in annual water yield fGatiga
basin and others showing an increase in water yield under lower levels of waupingijl the 2050s) (HELIX
D9.3, 2016; Part A). However, under higher levels afmirgg (up until 2080s), most of the models
demonstrated a significant increase in water yield. Despite these redugtsjriclear how changes in river
discharges upstream will translate into downstream impacts in Bangladéss dite to uncertainty arauwd land
use changes.

Cities in Bangladesh are also subject to extreme heat stress especiaily the premonsoon season.
Projections of the HadGEMS3 climate model runs indicate increases irdadyhminimum and daily maximum
temperatures under all scamios and time periods (Figures in section 4.2). The projections sleolewest
overnight minimum temperatures in the 2050s could be equivalent to thangat minimum temperatures
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experienced now (Figure 18). High minimum temperatures, especiallytdtaaig pose a significant health risk,
particularly to elderly and younger people.

5.7 Summary of regional assessments
A summanyof the main livelihoods, current climate hazards, projectedifettrends, and the potential impacts
these may have on food security in Bangladesh for eacheofethions is provided ihablel.
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Tablel —A summary table of regional assessments of food security and clintdtange in Bangladesh from Sections 549.6.

Region

Main
Livelihoods

Current climate hazards

Future climate trends

Potential impacts

Coastal zone

Rice and shrimp
farming

Cyclones, storm surges, soil
salinity, drought

Increases imaily maximuntemperature
Either increases or decreases in monsoon
rainfall

Potential increases in discharge of {Banges
and Brahmaputra

Sea level rise

Higher temperatures could exceed optimum growing
thresholds foramanrice and shrimp larvae. Decrease in the
bororice 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 maximutemperature
Potential increases in psaonsoon rainfall
Potential increases in river discharge of the
Ganges and Brahmaputra

Higher temperatures could exceed optimum growing
thresholds foramanrice and fish.

Greater premonsoon rainfall is hazardous fstandingboro
rice.

Increases in river discharge during peak flow periods could
lead to greater coastal flooding.

Haor region Fishing, rice Flash flooding, extensive Future premonsoon rainfall not shown to Changes in monsoon rainfall could cause more flooding, or
farming and tea monsoon flooding exceed current variability delay planting of thdorocrop
production Potential changes in monsoon rainfall Progressively increasing temperatures could drive changes in
the bororice yield.
North and Subsistence Monsoonal flooding which can Greater monsoon rainfall causing increased Greater riverine erosion for people living omars
Central agriculture, cause rivers to rise discharge of the Ganges and Brahmaputra Increased likelihod of extensive flooding during the monsoon
region fishing,
livestock
Barind and Rice production Droughts during preand post Potential increases in monsoon rainfall Greater monsoon rain is projected to increase the discharge
drought- monsoon season, low surface Increase in daily maximum temperatures of the Brahmaputra river but growing water demand may

prone areas

water flow

offset this

Higher daily temperatures could exceed optimum growing
temperatures forausrice 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 premonsoon

Potential increasesiimonsoon rainfall
Increase in daily minimum temperatures

Potential increases in monsoon rainfall leading to greater
riverine flooding could cause more severe flooding, and water
logging.

Increased nighttime temperatures could threaten vulnerable
people inheat waves.
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6. Summary

Bangladesh is a predominantly agrarian economy, where approximately 60 mpélghe are food insecure.
There is a complex intatependency between the food system, water security and the climaBagladesh,
which makes it one of the most exposed countries to the impacts of climategeh

The climate of Bangladesh is warm and humid, with the majority of rainfall occuluinngg the annual
monsoon period from June to September. The country lietherdelataic plain of three large rivers (the
Ganges, Brahamaputra and the Meghna) which converge befscbatging into the Indian Ocean. In addition
to the importance of the annual monsoon rains, Bangladssalso exposed to lardlling tropical cydnes and
associated storm surges.

The dominant foods farmed and consumed in Bangladesh aramiddish, which together make up 65% of
calories consumed, and 60% protein intake nationally. Both rice and fish aegdleemajor focal points of
food securiy in Bangladesh.

The analysis in this report has considered the impacts of climate clumtie food system across the
different regions of Bangladesh, as defined by Bangladesh Government' Peltddrawing on a stdet of
the climate model simulatiomproduced as part of the Higind cLimate Impacts and eXtremes project
(HELIX), this report shows a general trend of increasing temperaturethamassibility of higher levels of
rainfall during the monsoon season. This long term trendpgpgsrted by research in a number of climate
impacts studies on food production in Bangladesh, both unide HELIX project and other research.

These studies indicate that future higher maximum tengteres could exceed the optimum growing range
for amanrice and shrimgry during the premonsoon and monsoon seasons but may benefit the saltsirgu
in SE Bangladesh by increasing evaporation. In contrast, higher minimum sgorpercould lead to reduced
bororice yields as drought conditions are exacerbated in westangBdesh during the drier, winter months
(HELIX D9.3, 2016; Part B, Chapter 2). Drought corsliteim cause fish culture ponds to dry up and
exacerbate soil salinity in the coastal regions which could lead to problemsngramanrice. Higher
temperatures would also mean cities such as Dhaka and Chittagond) experience more frequent and
severe heat stress events over time. The projected changes in rainfall apettss, but there is concern that
there could be an increase in flooding events ie tiretter northeast region of Bangladesh during the
monsoon, with greater river flows from the Brahmaputra and Ganges, threatehisuglwellers and riverine
communities in the central Bangladesh region (HELIX D9.3, 2016; ParParal Chapter 1). Altbgh
uncertainty on changes in pmaonsoon rainfall is large, greater variability during this season could lead to
more flash flooding, especially in the northeast and southeast regions iaffettie harvestabléoro crop.
Increases in river flow would noecessarily correspond to a decrease in drought in the natwegion of
Bangladesh due to the lortgrm depletion in groundwater in this area. Along the coast, the main tdima
change impacts will be sdavel rise, which will continue to be a threatatl coastal districts through
inundation. There is little conclusive research on how climate change atiafdcyclone frequency and
intensity in the region, but sea level rise alone would exacerbate thedtamd storm surges and cyclones by
enabling vater to travel further inland.

This study indicates that food security in Bangladeshbeilthallenged by climate change, predominantly as a
result of the direct impacts of higher temperatures, the combined ingpatwater scarcity through both
changesn rainfall and temperature and water demand, and along the coast as a result of sedadeve
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Appendices

Appendix A

This section shows the ermsble spread of maximum and minimum temperature gmdcipitationover the
baseline period. The data are bias corrected and therefore the spatial pattegrsnailar but there are slight
differences across the models in their annual distributions.

Figure36. Plots of average maximum temperature (Tmax) over Bangladesh by mamtimflividual years in the baseline period
(19812010), for all five ensemble members. The thicker, black line is the meatfilprof all years..
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Fgure 37. Plots of average minimum temperature (Tmin) over Bangladesh by monthrfdividual years in the baseline period
(19812010), for all five ensemble members. The thicker, black line is the meafilprof all years..

Figure 38. Plots of average maximum temperature (Tmax) over Bangladesh by mamtinglividual years in the baseline period
(19812010), for all five ensemble members. The thicker, black line is the meafilprof all years..
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Appendx B

This sectiorshows the HadGEM3 ensemble spread of projected changemagonal average minimuamd
maximum temperature andeasonal total precipitation foht 2050s and 2080s.

2050s maximum temperature

Figure39. Maps of maximum temperature (Tmax) change from a 198110 baseline to the 2050s for the DJF season fofi\al
ensemble members.

Figure40. Maps of maximum temperature (Tmax) change from a 198110 baseline to the 2050s for the MAM season, forfalé
ensemble members.
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Figure41l. Maps of maximum temperature (Tmax) change from a 198110 baseline to the 2050s for the JJAS season, fdivall
ensemble members.

Figure42. Maps of maximum temperature (Tmax) change from a 198110 baseline to the 2050s fadhe ON season, for afive
ensemble members.
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Figure43. Plots of average maximum temperature (Tmax) over Bangladesh by mamtintlividual years in 2050s period, for die
ensemble members. The grey, shaded envelope représ the Tmax values by month for individual years from 198110, for each
model. The thicker, black line is the mean profile of all years betwet®412070.

2050s nnimum temperature

Figure44. Maps ofminimum temperature (Tmin) change from a 1984010 baseline to the 2050s for the DJF season, foffiaé
ensemble members.
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Figure45. Maps ofminimum temperature (Tmin) change from a 1982010 baseline to the 2050s for the MAM season, forfale
ensemble members.

Figure46. Maps ofminimum temperature (Tmin) change from a 1984010 baseline to the 2050s for the JJAS seafomall five
ensemble members.
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Figure47. Maps ofminimum temperature (Tmin) change from a 1982010 baseline to the 2050s for the ON season, foffig#
ensemble members.

Figure48. Plots of average minimum temperature (Tmin) over Bangladesh by monthirfdividual years in 2050s period, for die
ensemble members. The grey, shaded envelope representsTthen values by month for individual years from 198010, for each
model. The thicker, black line is the mean profile of all years betwe9412070.
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2050sprecipitation

Figure49. Maps of total precipitation change from a 1981010 baseline to the 2050s for the DJF season, fofialensemble
members.

Figure50. Maps of total precipitation change from a 1981010 baseline to the 2050s for the MAM season, forfale ensemble
members.
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Figure51. Maps of total precipitation change from a 1981010 baseline to the 2050s for the JJAS season, fdivelensemble
members.

Figure52. Maps of total precipitation change from a 1981010 baseline to the 2050s for the ON season, fofia# ensemble
members.
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Figure53. Plots of total precipitation (ppn) over Bangladesh by mth for individual years in 2050s period, for dive ensemble
members. The grey, shaded envelope represents the ppn valog month for individual years from 1982010, for each model. The
thicker, black line is the mean profile of all years between 262070.

2080s maximum temperature

Figure54. Maps of maximum temperature (Tmax) change from a 198110 baseline to the 2080s for the DJF season, for all five
ensemble members.
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Figure55. Maps of maximum temperature (Tmax) change from a 198110 baseline to the 2080s for the MAM season, for all five
ensemble members.

Figure56. Maps of maximum temperature (Tmax) change from a 198110 baseline to the 2080s for the JJAS season, for all five
ensemble members.
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Figure57. Maps of maximum temperature (Tmax) change from a 198110 baseline to the 2080s for the ON season, for all five
ensemble members.

Figure58. Plots of average maximum temperature (Tmax) over Bangladesh by mamtinflividual years in 2080s period, for all five
ensemble members. The grey, shaded envelope representsTthex values by month for individual years from 198010, for each
model. The thicker, black line is the mean profile of all years betwe)712100.
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2050sminimum temperature

Figure59. Maps of minimum temperature (Tmin) change from a 198210 baseline to the 2080s for the DJF season, for all five
ensemble members.

Figure60. Maps of minimum temperature (Tmin) change from a 198210 baseline to the 2080s for the MAM season, for all five
ensemble members.
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Figure61. Maps of minimum temperature (Tmin) change from a 198210 baseline to the 2080s for the JJAS seasamnall five
ensemble members.

Figure62. Maps of minimum temperature (Tmin) change from a 198210 baseline to the 2080s for the ON season, for all five
ensemble members.
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Figure63. Plots of average minimum temperature (Tmin) over Bangladesh by monttirfdividual years in 2080s period, for all five
ensemble members. The grey, shaded envelope representsTthen values by month for individual years from 198010, for each
model. The thicker, black line is the mean profile of all years betwex)712100.

2080sprecipitation

Figure64. Maps of total precipitation change from a 1981010 baseline to the 2080s for the DJF season, fofivalensemble
members.
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Figure65. Maps of total precipitation change from a 1984010 baseline to the 2080s for the MAM season, forfale ensemble
members.

Figure66. Maps of total precipitation change from a 1981010 baseline to the 2080s for the JJAS season, fdivelensemble
members.
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Figure67. Maps of total precipitation change from a 1984010 baseline to the 2080s for the ON season, foffia# ensemble
members.

Figure68. Plots of total precipitation (ppn) over Bangladesh by ntb for individual years in 2080s period, for dize ensemble
members. The grey, shaded envelope represents the ppn valog month for individual years from 1982010, for each model. The
thicker, black line is the mean profile of all years between 2eZ100.
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AppendixC

This section shows the HadGEM3 ensemble spread of projected charggssonal average minimum and
maximum temperature and seasonal total precipitation for SWL1.5, SWL3\&hd.

The central year of SWL1.5, SWL2 and SWL4 for each ensemble membeedsatethre year in which the 20
year running mean of the global annual mean temperature anomaly first passegdbifictemperatures of
1.5, 2, and 24C respectively (for nre detail see HELIX D2.1, 2014). The temperature anomaly is calculated
relative to the preindustrial period: defined in HELIX as the mean of 1B880. In WP2 and W3 the HELIX
project, the central SWL years are calculated using the raw data from the global climdé smoulations and
therefore do not account for the bias in the present day warming between stiontaand the estimate derived
from the instrumental record. The impact models in HELhH {ae present study) use bias corrected high
resdution simulations (Hempel et al., 2013) and therefore the central $&%ks are different to those from
WP2 and WP3. The biaerrected central SWL years are calculated assuming the observed wdranngre
industrial period to the bias correction refaree period (1864.880 mean to 19822010 mean) is 0.61°C (Morice
et al., 2012)In accordance with the HELIX protocol, 20 years of data either side cdénbralcyear were used to
calculate theprojected change atach SWLthe years used arésted in(Table 2.

Table2 -The central years for specific warming levels 1.5°C, 2°C andot18¢ high resolution simulations from WP3,

and the 20 year range used for the analysis (in brackets). It isim&sl that the observed warming fronpre-industrial

period to the reference period (1861880 mean to 19812010 mean) is 0.61°C (HadCRUT4, Morice et al., 2012)
SST Driving Model SWL 1.5 SWL2 SWL4

ACCESSl1 2026 (20172036) 2040 (20312050) 2081 (20722091)
GFDEESM2M 2036 (20272046) 2051 (20422061) -

IPSECM5ALR 2024 (20152034) 2035 (20262045) 2071 (20622081)
IPSECM5AMR 2023 (20142033) 2036 (20272046) 2069 (20662079)

MIROGESMCHEM

2020 (20112030)

2032 (20232042)

2068 (20592078)

SWL1.5maximum temperature

Figure69. Maps of maximum temperature (Tmax) change from a 198110 baseline to SWL3for the DJF season, for all five
ensemble membersThe years at which each model passes SWL1.5 are given in the plat.title
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Figure70. Maps of maximum temperature (Tmax) change from a 198110 baseline to SWL1.5 for the MAM season, for all five
ensemble membersThe years at which each model passes SWL1.5 are given in the plat.title

Figure71.Maps of maximum temperature (Tmax) change from a 198110 baseline to SWL1.5 for the JJAS season, for all five
ensemble membersThe years at which each model passes SWL1.5 are given in the plat.title
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Figure72. Maps of maximum temperature (Tmax) change from a 198110 baseline to SWL1.5 for the ON season, for all five
ensemble membersThe years at which each model passes SWL1.5 are given in the plat.title

Figure73. Plots of average maximum temperature (Tmax) over Bangladesh by mamtinflividual years in SWL1.5, for all five
ensemble members. The grey, shaded envelope representstthax values by month for individual years from 198010, for each
model. The thicker, black line is the mean profile of all years betweg)712100.The years at which each model passes SWL1.5 are

given in the plot titles.
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SWL1.5minimum temperature

Figure74. Maps of minimum temperature (Tmin) change from a 198210 baseline to SWL1.5 for the DJF season, for all five
ensemble membersThe years at which each model passes SWL1.5 are given in the plat.title

Figure75. Maps of minimum temperature (Tmin) change from a 198210 baseline to SWL1.5 for thHdAM season, for all five
ensemble membersThe years at which each model passes SWL1.5 are given in the plat.title
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Figure76. Maps of minimum temperature (Tmin) change from a 1980210 baseline to SWL1.5 for the JJAS seaforall five
ensemble membersThe years at which each model passes SWL1.5 are given in the plat.title

Figure77. Maps of minimum temperature (Tmin) change from a 198210 baseline to SWL1.5 for the ON season, for all five
ensemble membersThe years at which each model passes SWL1.5 are given in the plat.title
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Figure78. Plots of average minimum temperature (Tmin) over Bangladesh by monthrfdividual years in SWL1.5, for all five
ensemble membes. The grey, shaded envelope represents the Tmin valuembwyth for individual years from 1982010, for each
model. The thicker, black line is the mean profile of all years betwed)712100.The years at which each model passes SWL1.5 are
given in the plot titles.

SWL1.5recipitation

Figure79. Maps of total precipitation change from a 1984010 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 plat title
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Figure80. Maps of total precipitation change from a 1984010 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 plat.title

Figure81. Maps of total precipitation change from a 1984010 baseline to SWL1.5 for the JJAS season, for all five ensemble
members.The years at whicleach model passes SWL1.5 are given in the plot titles.
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Figure82. Maps of total precipitation change from a 1981010 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 plat.title

Figure83. Plots of total precipitation (ppn) over Bangladesh by month fadividual years in SWL1.5, for all five ensemble members.
The grey, shaded envelope represents the ppn values by mdottindividual years from 1982010, for each model. The thicker,
black line is the mean profile of all years between 202100.The years at which each model passes SWL1.5 are given in the plot

titles.
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SWL2maximumtemperature

Figure84. Maps of maximum temperature (Tmax) change from a 198110 baseline to SWL2 for the DJF season, for all five
ensemble membersThe years at which each model passes SWL2 are given in theifhést

Figure85. Maps of maximum temperature (Tmax) change from a 198110 baseline to SWL2 for the MAM season, for all five
ensemble membersThe years at which each model passes SWL2 are given in theifhst
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Figure86. Maps of maximum temperature (Tmax) change from a 198110 baseline to SWL2 for the JJAS season, for all five
ensemble membersThe years at which each model passes SWL2 are given in theifhést.

Figure87. Maps of maximum temperature (Tmax) change from a 198110 baseline to SWL2 for the ON season, for all five
ensemble membersThe years at which each model passes SWL2 are given in theiphést.
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Figure88. Plots of average maximum temperature (Tmax) over Bangladesh by mamtinflividual years in SWL2, for all five
ensemble members. The grey, shaded envelope representsTthx values by month for individual years from 198010, for each
model. The thicker, black line is the mean profile of all years betwed)712100.The years at which each model passes SWL2 are
given in the plot titles.

SWL2minimum temperature

Figure89. Maps of minimum temperature (Tmin) change fromx198%2010 baseline to SWL2 for the DJF season, for all five
ensemble membersThe years at which each model passes SWL2 are given in theifhést
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Figure90. Maps of minimum temperature (Tmin) change from a 198@10baseline to SWL2 for the MAM season, for all five
ensemble membersThe years at which each model passes SWL2 are given in theifhést

Figure91. Maps of minimum temperature (Tmin) change from a 198210 baseline to SWLdifthe JJAS season, for all five
ensemble membersThe years at which each model passes SWL2 are given in theifhést
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Figure92. Maps of minimum temperature (Tmin) change from a 198210 baseline to SWL2 for the ON seasfam,all five ensemble
members.The years at which each model passes SWL2 are given in the plot titles

Figure93. Plots of average minimum temperature (Tmin) over Bangladesh by monthrfdividual years in SWL2, for all five
ensemble members. The grey, shaded envelope represents tminTvalues by month for individual years from 198010, for each
model. The thicker, black line is the mean profile of all years betwe#)712100.The years at which each model passes SWL2 are

given in the plot titles.
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SWL2maximum temperature

Figure94. Maps of total precipitation change from a 1981010 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

Figure95. Maps of total precipitation change from a 1984010 baseline to SWL2 for the MAM season, for all five ensemble
members.The years at which each odel passes SWL2 are given in the plot titles.
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Figure96. Maps of total precipitation change from a 1981010 baseline to SWL2 for the JJAS season, for all five ensemble member
The years at which each model passes SWL2 are given in the plot titles

Figure97. Maps of total precipitation change from a 1981010 baseline to SWL2 for the ON season, for all five ensemble members.
The years at which each odel passes SWL2 are given in the plot titles.
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Figure98. Plots of total precipitation (ppn) over Bangladesh by month fadividual years in SWL2, for all five ensemble members.
The grey, shaded envelope represents the pgpadues by month for individual years from 1982010, for each model. The thicker,
black line is the mean profile of all years between 202100.The years at which each model passes SWL2 are given in the pldt.title

SWL4maximum temperature

Figure99. Maps of maximum temperature (Tmax) change from a 198110 baseline to SWL4 for the DJF season, for all five
ensemble membersThe years at which each model passes SWL4 are given in the plat.tlete that the GFBESM2M diwven
model did not reach SWL4 by 2100.
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Figure100. Maps of maximum temperature (Tmax) change from a 198110 baseline to SWL4 for the MAM season, for all five
ensemble membersThe years at which each model passes SWL4 are divire plot titles. Note that the GFDIESM2M driven
model did not reach SWL4 by 2100.

Figure1l01 Maps of maximum temperature (Tmax) change from a 198110 baseline to SWL4 for the JJAS season, for all five
ensemble membersThe years at which each model passes SWL4 are given in thdipést. Note that the GFDIESM2M driven
model did not reach SWL4 by 2100.
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Figure102 Maps of maximum temperature (Tmax) change from a 198110 baseline to SWLfér the ON season, for all five
ensemble membersThe years at which each model passes SWL4 are given in thdipést Note that the GFDIESM2M driven
model did not reach SWL4 by 2100.

Figurel03. Plots of average maximum temperature (Tmax) over Bangladesh by montimfitividual years in SWL2, for all five
ensemble members. The grey, shaded envelope representsTthex values by month for individual years from 198010, for each
model. The thicker, black line is the mean profile of all years betwed)712100.The years at which each model passes SWL4 are
given in the plot titlesNote that the GFDIESM2M driven model did not reach SWL4 by 2100.
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SWL4 mirmum temperature

Figure104. Maps of minimumtemperature (Tmin) change from a 1981010 baseline to SWL4 for the DJF season, for all five
ensemble membersThe years at which each model passes SWL4 are given in theipéstNote that the GFDIESM2M driven
model did not reach SWL4 by 2100.

Figure105. Maps of minimum temperature (Tmin) change from a 198210 baseline to SWL4 for the MAM season, for all five
ensemble membersThe years at which each model passes SWL4 are given in the plat.tlete that the GFBESM2M driven
model did not reach SWL4 by 2100.

Project 603864 85



Figure106. Maps of minimum temperature (Tmin) change from a 198210 baseline to SWL4 for the JJAS season, for all five
ensemble membersThe years at which each model passes SWL4 are given in the plat.tXlete that the GFBESM2M driven
model did not reach SWL4 by 2100.

Figure107. Maps of minimum temperature (Tmin) change from a 198210 baseline to SWL4 féhe ON season, for all five
ensemble membersThe years at which each model passes SWL4 are given in thdipést Note that the GFDIESM2M driven
model did not reach SWL4 by 2100.
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Figure108. Plots of average minimum temperature (Tmin) over Bangladesh by monthrfdividual years in SWL4, for all five
ensemble members. The grey, shaded envelope representstthen values by month for individual years from 192010, for each
model. The thicker, black line is the mean profile of all years betwe#)712100.The years at which each model passes SWL4 are
given in the plot titles.Note that the GFDIESM2M driven model did not reach SWL4 by 2100.

SWL4precipitation

Figure109. Maps of total precipitation change from a 1982010 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 titee that the GFDIESM2M driven model did not
reach SWL4 by 2100.
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Figure110. Maps of total precipitation change from a 1982010 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 e that the GFDIESM2M driven modedlid not
reach SWL4 by 2100.

Figurel1ll Maps of total precipitation change from a 1982010 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 titee that the GFDIESM2M driven model did not
reach SWL4 by 2100.
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Figurel12 Maps of total precipitation change from a 1984010 baseline to SWL4 for theNDseason, for all five ensemble members.
The years at which each model passes SWL4 are given in the plot tNiete that the GFDIEESM2M driven model did not reach
SWL4 by 2100.

Figurel13. Plots of total precipitation (ppnpver Bangladesh by month for individual years in SWL4, for all five endemiembers.
The grey, shaded envelope represents the ppn values by mdottindividual years from 1982010, for each model. The thicker,
black line is the mean profile of all yeatsetween 20712100.The years at which each model passes SWL4 are given in the plat.title
Note that the GFDIESM2M driven model did not reach SWL4 by 2100.

Project 603864 89



	HELIX 603864 D9.5 cover +India + Bangladesh
	HELIX 603864 D9.5 cover +India
	HELIX 603864 D9.5 cover
	Ganga river policy brief english and Hindi
	Ganga river Policy Brief English
	Policy Brief Hindi
	IIT Book  Hindi Final F 13 9 2017.pdf
	Page 16



	HELIX 603864 D9.5 Policy brief bangladesh
	Introduction
	Helix – High-end Climate Impacts and Extremes
	Climate Change Projections for Bangladesh by Helix and Impacts
	Temperature and Precipitation
	Sea Level Rise
	Extreme Events - Floods
	Agriculture

	Vulnerability for Coastal Bangladesh

	Adaptation Options for Specific Warming Levels
	The need for adaptation

	Climate Change Adaptation Efforts in Bangladesh
	National policy efforts
	Climate change policies, planning and institutions
	Mainstreaming climate change into development and national planning
	Policy Guidelines for Smart Climate in Bangladesh

	Reference



