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11.1 Introduction

The combination of a highly variable climate, a large and increasing
population and a high reliance on water dependent sectors such as agri-
culture means that South Asia could be particularly at risk to future
climate change and variability. Changes in the climate occur in a variety
of ways, including changes in mean temperature, changes in extreme
daily maximum temperatures and changes in the length, frequency or
magnitude of heatwaves. Similarly, increases or decreases in the fre-
quency and magnitude of precipitation could affect water availability or
change the characteristics of floods or droughts. For a monsoon climate,
such as South Asia, changes in seasonality could also have a large impact
on the quantities and timings of water availability, a critical factor in
agrarian societies. Climate change and variability is therefore a key
underpinning input into many of the biophysical models which form
part of this research. The focus in this chapter is on climate projections
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Fig. 11.1 Regional model domain for South Asia used in this research showing
land surface elevation. The solid box (83-97°E, 15-30°N) shows the analysis region
used throughout this chapter. Area averaged values used throughout this chapter
are based upon all land grid points within this box (Caesar et al. 2015—Reproduced
by permission of The Royal Society of Chemistry)

over the land regions of Bangladesh and the wider Ganges-Brahmaputra-
Meghna (GBM) basins (Fig. 11.1). Climate change over the marine
regions of the Bay of Bengal is considered in more detail in Chap. 14.
This chapter provides an overview of the climate change projections
used and a consideration of the uncertainty in those projections. The
basis for the projections is a widely used medium-high scenario (SRES
A1B; Naki¢enovi¢ et al. 2000) of global increases in greenhouse gas emis-
sions. An important component of this research is the use and integration
of a range of biophysical models where climate model data (both for the
current period and future projections) is a key input. Whilst this chapter
focuses upon temperature and rainfall projections, a wide range of other
climate variables (atmospheric, land surface and ocean) were provided
from the model simulations to input into other biophysical models.
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11.2 Climate of Bangladesh

Bangladesh is widely recognised as being vulnerable to extreme weather
events and climate change. A large proportion of the country’s topogra-
phy is low-lying and forms the delta of the GBM rivers (Karim and
Mimura 2008). The country is densely populated and socio-economically
challenged with agriculture playing a significant role in livelihoods.
Bangladesh has a tropical monsoon climate, and this brings high tem-
perature, heavy rainfall, high humidity and strong seasonal variations.
Changes in precipitation can lead to enhanced flooding or drought as
well as dislocation between the timing of rainfall and the agricultural
calendar. Seasons can be separated into four groups, differentiated by the
percentage of the mean annual rainfall falling in each season (Islam and
Uyeda 2005):

¢ Pre-monsoon (March—May) ~20 per cent

* Monsoon (June-September) ~62.5 per cent

* Post-monsoon (October—November) ~15.5 per cent
* Winter (December—February) -2 per cent

These estimates vary between studies, and post-monsoon rainfall in
particular can be affected by the impacts of cyclones, but the bulk of
annual rainfall occurs during the summer monsoon, with some studies
reporting higher proportions of up to 70-80 per cent of the annual total
(Shahid 2010a). Winter generally sees much cooler and drier conditions
and accounts for only two to four per cent of annual rainfall totals.
Tropical cyclones are a particular weather-related hazard for Bangladesh,
and can bring periods of intense rainfall, particularly during the post-
monsoon season.

Studies that have examined observed climate changes over Bangladesh
show that during the twentieth century annual mean temperatures
increased by around 0.5 °C (Immerzeel 2008) and were accompanied by
increasing rainfall (Shahid 2010b).

Sea-level rise and storm surges associated with tropical cyclones are key
risks for this region. These factors are addressed further in Chaps. 14 and
16, including future projections of extreme storm surges. This assessment
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uses output from the regional climate simulations (which are atmosphere-
only models) presented in this chapter, alongside sea-level rise projections
from the associated global models, which simulate both the atmosphere
and oceans, albeit at a coarser spatial resolution.

11.3 Climate Model Simulations

Simulations of the global climate system are made using computer mod-
els, known as general circulation models (GCMs), and these are often
used to simulate the impact of different greenhouse gas concentrations
in the atmosphere in the future. GCMs typically have coarse spatial
resolutions and simulate the global atmosphere split into large ‘boxes’ of
several hundred kilometres in size. They are not necessarily able to pro-
vide the high-resolution climate change information that is now often
required by climate impacts and adaptation studies. To enable a high-
resolution representation of climate change at regional and local levels,
regional climate models (RCMs) can be used to provide higher-resolu-
tion grids (typically 50 km or finer) and provide better representations
of features such as coastlines and mountains and their effects on the
climate (Giorgi et al. 2009). RCM:s take output of the global scale GCM
and use it to drive a simulation over a specific region at a much higher
spatial resolution. In this work, the Met Office Hadley Centre HadRM3P
model with a 25 km x 25 km spatial grid resolution has been used,
downscaling the output of the HadCM3 GCM (Caesar et al. 2015).
The focus in the past has tended to be on climate modelling over the
wider South Asia region, and there had been few studies using high-
resolution climate models over the Bangladesh region, though this num-
ber is beginning to increase (e.g. Caesar et al. 2015; Kumar et al. 2013;
Mathison et al. 2013).

Previous climate model studies have projected increases in tempera-
ture over Bangladesh by the end of the twenty-first century (e.g. May
2004; Agrawala et al. 2003). Projections also indicate an increase in
annual rainfall totals in the future (Immerzeel 2008; Islam et al. 2008)
and an increase in the intensity of rainfall events (May 2004; Agrawala
et al. 2003). The uncertainty associated with these model projections is
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large, partly as a result of uncertainty in the possible range of future
greenhouse gas emissions, and also in part due to differences between
the characteristics of different climate models (Immerzeel 2008; Islam
et al. 2008; IPCC 2013). The climate projections used for this research
make use of an approach called a ‘perturbed physics ensemble’ (Collins
et al. 20006). This involves running the GCM multiple times but each
time making small changes to the representation of certain physical pro-
cesses which may be uncertain and difficult to constrain using observa-
tions (Murphy et al. 2004). One example of such a variable is critical
relative humidity, which relates the humidity of the atmosphere in the
model grid box with the amount of cloud simulated. Model errors are
assessed against observational data spanning a range of variables. This
approach is one method of representing and assessing uncertainty in the
climate models, and is an alternative approach to using projections from
a range of different climate models (Collins et al. 2011).

Currently available climate models developed at different institutions
represent the Asian monsoon with variable skill (Turner and Slingo 2009)
and present conflicting outcomes; in some cases future strengthening of
the summer monsoon circulation are projected (May 2004) and in some
cases a weakening (Sabade et al. 2011). For validation, it is therefore
important that climate models simulate the present-day rainfall during
the summer monsoon period reasonably well in order to produce user-
relevant climate projections into the future. However, it should be noted
that a model which performs well in a present-day evaluation may not
necessarily perform as well under different future forcing scenarios
(Knutti 2008).

To gain an understanding of how well the RCM used in this research
simulates present-day climate, a range of observational datasets of tem-
perature and rainfall were compared with the model output for the period
0f 1981-2000. The comparison for the region shows that the simulations
provide a good representation of the spatial patterns of temperature and
rainfall for 1981-2000. Considering the annual cycles, the simulations
tend to overestimate temperatures by around 1 °C during March to June
(Fig. 11.2, upper). In terms of representing the timing and magnitudes of
monsoon rainfall, the simulations tend to be reasonably effective, but
show a slightly early peak in monsoon rainfall, and an overestimation of
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Fig. 11.2 Mean monthly temperature (°C) (upper) and precipitation (mm/day)
(lower) over the GBM sub-region (shown in Fig. 11.1) for the period of 1981-2000
for the RCM 17 member ensemble range (shaded), three selected RCM ensemble
members (Q0, Q8 and Q16), and the relevant observational datasets. Dashed lines
indicate observations (Caesar et al. 2015—Reproduced by permission of The Royal
Society of Chemistry)
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rainfall compared with observations through most of the year, except
during the monsoon season itself when simulated rainfall amounts fall
within the observational range (Fig. 11.2, lower).

11.4 Future Climate Change Projections
for Bangladesh

To simulate future climate change, a number of inputs to the model
need to be defined. These include the concentrations of greenhouse gas-
ses such as carbon dioxide and methane. A range of future scenarios exist
which represent a spectrum from low to high future greenhouse gas
emissions. These are determined based upon detailed scenarios which
represent a storyline of how the world could develop and includes fac-
tors such as potential economic and technological changes (Nakic¢enovi¢
et al. 2000).

The climate model simulations use the Special Report on Emissions
Scenarios (SRES) A1B scenario, which was generated for the IPCC Third
Assessment Report (2001), but is still used widely in climate change
studies (IPCC 2014). The A1B scenario assumes a global future of strong
economic growth and an increase in the rate of greenhouse gas emissions
over the twenty-first century. The IPCC Fifth Assessment Report (IPCC
2013) uses a new set of scenarios called Representative Concentration
Pathways (RCPs) (Moss et al. 2010). RCPs differ from the SRES sce-
narios in that SRES scenarios used socio-economic storylines as the basis
to derive climate change pathways, whereas RCPs start from different
levels of radiative forcing at the year 2100, which are then used to derive
greenhouse gas concentration pathways for the twenty-first century.
Whilst the methodologies are different, which can make comparisons
between the scenario sets challenging, it is possible to identify analogues
between the two sets of scenarios (Rogelj et al. 2012). SRES A1B is situ-
ated between the two high-end RCPs (RCP6.0 and RCP8.5) in terms of
the projected global temperature increase by the year 2100 and atmo-
spheric CO, concentration levels. The projections from the RCM used
in this study show a consistent signal of increasing temperatures over the
region during the twenty-first century (Fig. 11.3). By the 2060s, the
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Fig. 11.3 Annual mean temperature and precipitation responses in the 17
regional climate model simulations over the GBM region for 2041-2060 (upper)
and 2080-2099 (lower). Filled triangles indicate the three climate projections
selected (Caesar et al. 2015—Reproduced by permission of The Royal Society of
Chemistry)
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temperature, based upon the A1B emissions scenario, is projected to
increase by between 1.5 °C and 2.7 °C, and by the 2090s it is in the range
of 2.6-4.8 °C.

There is also a consistent signal, using this particular climate model,
towards increasing annual rainfall by the end of the twenty-first century
(Fig. 11.2). The range of projections for the 2080s is between +8 per cent
and +28 per cent relative to 1981-2000. However, it should be noted
that year to year variability is large. By 2050 the range is between —1.4
per cent and around +13 per cent compared to present day. The projec-
tions also show a decrease in light to moderate rainfall events, a slight
increase in heavy events and a large increase in very heavy events (Caesar
et al. 2015). So, despite a decrease in the overall number of days with
rainfall, the intensity on the days when rainfall occurs is projected to
increase. This could result in flooding and have an impact upon the avail-
ability of fresh water during the agricultural calendar.

From the total of 17 RCM simulations, three were selected for appli-
cation within the other biophysical models (Table 11.1, Figs. 11.4 and
11.5). One was chosen based upon the model variant that represents
the ‘standard’ model parameter configuration (known as QO0). Two
additional simulations were chosen for their ability to span a wide range
of uncertainty across the full collection of 17 model simulations. The
first of these, Q8 indicates warmer but drier conditions compared to
the present day in the 2060s, but warmer and wetter by 2090. The
other simulation (Q16) projects the largest temperature increase by
both 2050 and 2090, and also large precipitation increases at both
2050 and 2090.

Table 11.1 Annual mean temperature and precipitation changes relative to
1981-2000 in three selected regional climate model projections at the middle and
end of the twenty-first century over the GBM region

Temperature (°C) Precipitation (%)
Model simulation 2041-2060 2080-2099 2041-2060 2080-2099
QO +2.20 +3.90 +8.26 +11.75
Q8 +2.45 +3.98 -1.35 +13.01

Q16 +2.65 +4.75 +10.28 +23.66
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Fig. 11.4 Annual mean time series and trend of air temperature at 1.5 m for each
of the selected climate projections from 1971-2099 inclusive for the GBM region.
Coloured lines indicate two observational datasets (Caesar et al. 2015—
Reproduced by permission of The Royal Society of Chemistry)
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Fig. 11.5 Annual mean time series and trend of precipitation for each of the
three selected climate projections from 1971-2099 inclusive for the GBM region.
Coloured lines indicate four observational datasets (Caesar et al. 2015—
Reproduced by permission of The Royal Society of Chemistry)
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11.5 Conclusions

A total of 17 high-resolution regional climate model simulations were
used to asses future climate change over Bangladesh, with three being
selected to drive a range of biophysical impact models. The simulations
used the SRES A1B greenhouse gas emissions scenario, which is a mid- to
high-range representation of potential future emissions. Three simula-
tions, which represent a range of future temperature and rainfall changes,
were selected for use in the more detailed impact sector models.

The projections show an increase in temperature over the region
through the twenty-first century, of between around 2.6 °C and 4.8 °C by
2100. Rainfall changes are projected to be more variable, but generally
show increases ranging from 8 to 28 per cent by the end of the century.
Additionally, the frequency of heavy rainfall events is projected to increase
in the future, with decreases in the frequency of lighter rainfall. This indi-
cates a shift towards a lower number of wet days, but an increase in inten-
sity on those days when rain falls. This implies an increased risk of flash
flooding and a potential change in the freshwater availability across
Bangladesh.

As further high-resolution climate projections become available for the
Bangladesh region, it will be possible to better assess the differences
between different climate models, and also a wider range of greenhouse
gas emissions scenarios, and therefore provide improved assessments of
the ranges and uncertainties associated with future climate change over

Bangladesh.
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