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Abstract

Climate Models are the main tools available for developing projections of climate change in the future. Due to
the inter-model differences in internal physics and the process of parameterization of the variables, it is essential to
consider the range of projections from different models rather than depending on projection of one climate model
only. In this study, multi-model ensemble for future projections of hydro-climatic parameters in terms of precipitation
and temperature is developed on monthly resolution for each of the year from 2011 to 2100 with respect to a baseline
period of 1971-2000 for Bangladesh. Simulations of four Global Climate Models (GCMs) named CGCM3.1, CCSM3,
MIROC3.2 and HadGEM1 are applied for this purpose. An ensemble technique comprising Root Mean Square Error
(RMSE) and Weight Factor has been thoroughly discussed. In line with this method, larger weight or preference is
given to the GCM that has less error with respect to the observed temperature and precipitation values in the baseline.
Prominent large scatters have been observed in the time-series plots for monthly multi-model ensemble precipitation,
which resemble highly intensive and more inconsistent temporal precipitation pattern in future. In addition, mean surface

temperature is likely to increase invariably in every month.

Keywords: Bangladesh; Climate change; Ensemble; GCM; Multi-
model; Precipitation; Temperature

Introduction

Climate change has been increasing over the centuries, causing a
complete upturned impact on the ecosystem which has influenced the
scientists to project the future climate change and to aid the engineers
and policy makers in making decisions. Bangladesh, a South Asian
country, is already evidencing the adverse impacts of global warming
due to climate change. Bangladesh is located between 20° to 26° North
and 88° to 92° East [1]. It is bordered on the west, north and east by
India, on the south-east by Myanmar, and on the south by the Bay of
Bengal. Part of the reason for the susceptibility of Bangladesh to climate
change and meteorological-driven disasters is that Bangladesh lies in
a sub-tropical region where monsoon weather prevails throughout
the year in most parts of the country. Climate change will exacerbate
many of the current problems and natural hazards that the country
is facing. This study focuses on the possible trends and variability of
hydro-meteorological parameters of Bangladesh in the 21% century
using recent Global Climate Models (GCMs). GCMs are one of the
most widely used mathematical models of global circulation that
indicate expectations of future climate conditions. GCMs comprise
simplified but systematically rigorous interacting mathematical
descriptions of important physical and chemical processes governing
climate, including the role of the atmosphere, land, oceans and
biological processes. They are the only tools that could provide detailed
predictions of future climate change.

In early 1990s, several attempts were initiated to generate climate
change scenarios for Bangladesh using available GCMs. The BUP-
CEARS-CRU [2] study reported 0.5°C to 2.0°C rise in temperature by
the year 2030 under ‘business as usual’ scenario of IPCC. The same
modeling effort estimated 10 to 15% rise in average monsoon rainfall
by the year 2030. Mirza [3] used a number of GCMs and the results
have been used for the World Bank Study [4]. By the year 2030, the
projected rise in monsoon temperature was 0.7°C with a corresponding
rise in winter temperature of 1.3°C. The corresponding rise in rainfall
was projected at 11% for monsoon, while a decrease in rainfall by 3%

was also projected for winter by the year 2030. Agrawala [5] used the
MAGICC driven SCENGEN database to produce a best estimating 11
out of 17 GCMs for projecting Climate Change Scenario in Bangladesh.
The results were obtained using IPCC SRES B2 scenario and suggested
that annual temperature would increase up to 1.4°C and 2.4°C by the
projection year 2050 and 2100. In addition, the dry season precipitation
was projected as 1.7% and 3.0% reduced for the projected years,
respectively. An increase in monsoon precipitation up to 6.8% and
11.8% by the year 2100 was also found in the study. GCM analysis by
Ramamasy [6] indicates that the average temperature of Bangladesh will
increase by 1.4°C (£ 0.16) by 2050, with more warming for winter than
for summer months. Tanner [7] points to average rainfall increasing
in Bangladesh during the summer monsoon by around 1-4% by the
2020s, and 2-7% by the 2050s. Hence it can be seen from the range of
estimated percentage increases predicted, experts are not sure on the
amount of extra rainfall expected but all agree that a wetter Bangladesh
is likely in the monsoon due to more rain. The winter drying trend is
less certain than that for increasing rainfall in the monsoon [7].

The synthesis of available literatures reveals the fact that not too
many precise researches have been accomplished on climate change
in Bangladesh. As such, the study area for this research focuses on
Bangladesh. Considering the fact that climate modelers do not endorse
the use of any single model or method for national-scale assessments of
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climate change [8], it is found best to validate several models to enable
a choice to produce the most appropriate projection to be used in
climate-scenario generation in the country-scale resolution.

Methods
GCM simulation for Bangladesh

GCMs’ projections of climate change are the starting point for
the future climate scenarios although they lack the regional detail that
impact studies generally need. However, four different IPCC ensemble
Global Climate Models are selected herein for developing future
climate scenarios of Bangladesh. Details of the four models selected are
enlisted in Table 1.

To provide the climate models guidance towards future emission
conditions, IPCC scenarios [9,10] are the major tools. Recent
greenhouse gas emission trends [11] match or exceed the so-called SRES
scenario A1F1. So, AIF1 can be considered as a plausible business-as-
usual scenario, which also represents a relatively worst case. The more
balanced A1B scenario can be considered as a moderate one, featuring
a future world of very rapid economic growth balanced across energy
sources, clean and resource-efficient technology; while B1 is considered
as a best case [12]. In this study, projections are confined only to the
hydro-climatic variables, that is, mean surface temperature and total
precipitation. Projections of GCMs are developed and compared under
a particular emission scenario A1B in monthly resolution. Also the
annual projections are compared under multiple scenario conditions
of A1B, A2, B1 and COMMIT for one particular model.

Constructing change fields

To examine possible future climatic conditions, one prospect
is to develop projections from observed meteorological data [13].
Accordingly, before considering future climate it is important first
to characterize the present-day or recent climate in a region- often
referred to as the ‘climatological baseline’.

GCMs typically run on horizontal resolution of 200 km or even
more. GCM outputs are not generally of sufficient resolution or
reliability to be applied directly as the actual prediction of future
climatic conditions. There are often significant biases in the model
control simulations [8,10,14]. In this regard, it is found usual for
baseline observational data, which are commonly in the form of time
series of annual or monthly data for several variables over a non-

Model ID Name

Canadian Global Coupled Model
CGCM3.1 (T63) (Version 3.1)

Community Climate System Model
CCSM3 (Version 3)

Model for Interdisciplinary Research on Climate
MIROC3.2 (hires)? (Version 3.2)
UK Met Office-

UKMO-HadGEM1 Hadley Centre Global Environmental Model (Version 1)

overlapping period, to be used as a reference for correcting or adjusting
future time-series of model outputs.

In this study, year 1971-2000 has been used as the climatological
baseline from which the GCM data are referenced. A scenario of
future climatology is obtained by adjusting the baseline observations
by the difference or ratio between period-averaged (where necessary)
results of the GCM control simulation on past baseline years and
the corresponding results for the future. Differences are applied
for temperature changes while ratios are used for precipitation and
evaporation changes, though differences may be preferred in some
cases [8]. A pattern of validating model outputs with such differences
or ratios of particular climate variables is known as a ‘change field’ or
‘change factor’ [10,15,16]. Thus, the extent of change and variability
in any future climatic parameter is taken from the model simulation
directly and applied to the baseline observational data to get time-series
of future temperature scenario, being called as the ‘Applied Change
Field. This applied change field approach is conceptually simpler
and allows direct application of the changes in all climate change
projections [8,17-19].

In this study, the projections for annual and monthly average
Temperature (T) and Precipitation (P) in Bangladesh, using the four
selected GCMs as detailed in Table 1, have been developed for each
of the future year of 2011 to 2100, being referenced from 1971-2000
(detail calculation of model bias adjustment is not shown here).

Multi-Model Ensemble (MME)

Temperature and precipitation projections are produced by
using the downscaled data from the four models to form an ensemble
response for possible climatic change of the country. The expected
response can be obtained by, at least, two methods: simple averaging
and weighted averaging. Hagedorn [20] has described the rationale of
producing MME by simple averaging (arithmetic mean) technique for
seasonal prediction. There are several attempts for constructing MME
of time series climatic variables as described [21-24].

In this study, following the multi-model ensembling method as
shown by Ingol-Blanco [25], weights are assigned according to the
performance of each model to generate the monthly temperature and
precipitation from the reference period 1971-2000, providing greater
confidence in the model that records less error as indicated by the Root
Mean Square Error (RMSE).

Ocean-Resolution
(0.9°x 1.4°) L29¢;
29 vertical levels;
Depth co-ordinate
(0.3°-1° x 1°) L40;
40 vertical levels;

Atmosphere-Resolution
T63% (~1.9° x 1.9°) L31%;
31 vertical levels;

top = 1 hPa (~50 Km)
T85 (1.4° x 1.4°) L26

26 vertical levels

top = 2.2 hPa (~25 Km)
T106 (1. 1° X 1.1°) L56
56 vertical levels;

top =40 km
(~1.3°x1.9°) L38

38 vertical levels;

top = 39.2 km

Depth co-ordinate

(0.2° x 0.3°) L47

47 vertical levels;
Sigma/Depth Co-ordinate
(0.3°-1.0° x 1.0°) L40

40 vertical levels;

Depth Co-ordinate

2T’ denotes a triangular spectral truncation with a rough translation to degrees latitude and longitude
b.¢ \fertical resolution (L) is the number of vertical levels in the atmosphere and in the ocean respectively

@hires: High resolution

Table 1: Details of Selected GCMs (IPCC-TGICA [10]).
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The RMSE in the temperature or precipitation for month j and
model k can be defined as

/ (X0 = X5
RMSEjk - Z‘“(‘/i“)
N

where X is the monthly precipitation or the monthly temperature
formonthjinyeari(i=1,2,...,N),and X, ;‘ is the simulated precipitation
or the simulated temperature in month j using model k. The total RMSE
for month j from all of the models can be defined by

TRMSE , = » RMSE ,

4
k=1

The weight for model k in month j is given by

RMSE

0, =—2

" TRMSE,

where larger weights indicate less accuracy in computing the historical

temperature or precipitation. The temperature or precipitation

ensemble for month j is

o 1 4 X'k
X =Sk
J (DIZ

k=19 ji

;0<‘ij< Lk=1.4

1
where &, = Zg—
k=1% jk
with X, is the precipitation or the temperature value found from model

Finally, the expression can be expressed as follows:
X =2 X,
k=0
Where w, =1/0)y,
Results and Discussion

Recent trends of precipitation and temperature

Currently, the average annual precipitation varies from as low as
1500 mm in the western region to as high as 5000 mm in the eastern
region [26]. The average temperature of Bangladesh ranges from 17°C
to 21°C during winter and 27°C to 31°C during summer. Specifically,
following three distinct seasons can be recognized in Bangladesh from
the climatic point-of-view: (i) The dry winter season from November
to February, (ii) The pre-monsoon hot summer season from March
to May, and (iii) The rainy monsoon and post-monsoon season from
June to October, [26,27]. According to Agrawala [5], the general
characteristics of the seasons are as follows:

«  Winter is relatively drier, with the temperature ranging from
a minimum of 7.2°C to 12.8°C to a maximum of 23.9°C to
31.1°C. This season virtually receives no precipitation.

o Pre-monsoon is the warmest with an average maximum of
37°C, very high rate of evaporation, and erratic but occasional
heavy rainfall from March. In some places the temperature
occasionally rises up to 40.6°C or more. The peak of the
maximum temperatures is observed in April or May.

« Monsoon is both hot and humid, brings heavy torrential
rainfall throughout the season. About four-fifths of the mean
annual rainfall occurs during monsoon. Post-monsoon is a
short-living season characterized by withdrawal of rainfall and
gradual lowering of night-time minimum temperature.

o The mean annual rainfall is around 2000 mm, but there exists a
wide spatial and temporal distribution.

Future precipitation pattern

Differences do exist in the projections made by different climate
models. But the general findings are similar, that is, they are predicting
more intense precipitation in Bangladesh in future years. That is to say,
the predictions consistently indicate that the changes in the intensities
of severe storms will be greater than the percentage change in average
precipitation levels. In such case, variability is of more concern rather
than average incident precipitation amount.

CGCM3.1 projections of total annual precipitation under different
SRES scenarios are shown in Figure 1. The projections reveal very
less variation between the trends under different scenario conditions.
Slight increment in the average annual precipitation quantities are
likely to occur under all scenarios, with prominent large fluctuations
in successive years.

Historically, January and July are the minimum and maximum
precipitation months, representing dry and monsoon season
respectively. Figures 2 and 3 represent monthly time series of applied
change field GCM projections and ensemble mean with standard
deviation ranges both for January and July respectively under A1B
scenario. Although the calculations (not shown here) reveal dry season
(November to February) precipitation likely to increase, virtually there
will be almost little or no rainfall as it is in baseline period. Whereas,
monsoon season (June to October) might experience a decrease in
total incident precipitation by almost 25%. But most importantly,
large scatters of MME precipitation as shown in Figure 3 demonstrate
future years of more erratic rainfall events characterizing very high
precipitation in one monsoon along with possible insignificant
quantity in the monsoon of the very next year. Precipitation in a
monsoon month can reach 1000 mm, constituting more than 50% of
total annual precipitation amount in a year. Again it can lower to a level
of 10 mm as well. These represent two extreme future scenarios with
high concentric precipitation as well as exaggerated aridity situation
respectively. Table 2 shows the ensemble mean monthly precipitation
values with calculated standard deviation in three future time periods:
2011-2040, 2041-2070 and 2071-2100. Figure 4 features the extent of
standard deviation averaged over three different segments of future
time as discussed above. Standard deviation represents variability from
mean condition. Ensemble mean precipitation in July is projected
as 350 mm during the period 2011-2040 considering A1B scenario;
where the 30 year period-averaged standard deviation is likely to be
120 mm and for most of the monsoon months, the calculated standard

Month 2011-2040 2041-2070 2071-2100
January 102+7.2 96+7.1 10.2+6.9
February 17.6+10.7 17.8+123 18.8+11.8

March 22.8+12.1 27.5+12.6 27.8+13.8

April 63.4 +£37.0 63.9 £ 39.7 64.9 + 36.7
May 148.6 + 87.8 159.0 + 85.6 172.1 £81.5
June 292.7 +129.2 296.8 + 136.8 304.5 + 143.6
July 340.3+124.4 356.2 + 131.3 399.8 + 147.5
August 319.3+125.5 308.6 + 119.7 325.4+128.8
September 339.9 +128.2 3229+ 136.5 327.4 £ 143.8
October 135.2 + 58.02 126.9 £+ 56.5 118.9+51.4

November 20.3+11.8 21.9+13.0 20.8+12.6

December 14.4+6.9 15.8+6.4 16.3+5.5

Table 2: Multi-Model Ensemble Mean Precipitation (+ Standard Deviation).
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Figure 1: Scenario Projection Comparisons of Mean Annual Precipitation (2011-2100) for Bangladesh by CGCM3.1 Model.
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Figure 2: Multi-Model Ensemble Precipitation in January.
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Figure 3: Multi-Model Ensemble Precipitation in July.
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deviation is found to have amplified throughout the century. In rest of
the months other than monsoon, standard deviation in three future
time-segments remains almost the same.

The annual cycle of precipitation in three time segments are
shown in Figure 5, from which it is evident that HadGEM1 distinctly
underestimates monsoon (June to October) precipitation after 2040
compared to the other models. HadGEM1 includes ‘Bulk Mass Flux’ in
its process of precipitation parameterization and it neither uses explicit
assumptions on the mass and thermodynamic budgets of cumulus
clouds, nor provides information on the mass spectrum of various
cloud types [28]. Therefore, HadGEM1 may not necessarily consider
a realistic cloud distribution and this turns into lower precipitation
projections in monsoon. On the other hand, MIROC3.2 overestimates

monsoon precipitation relative to the other models. MIROC3.2 might
have considered condensation of cloud with super-saturation of local
relative humidity which has attributed to such difference in projections.
In fact, the possible reasons behind dissimilarity in individual model
projections lie mainly with the particular model-physics, typical
assumptions, processes of parameterizations, etc. Therefore, a single
model’s outputs are not of sufficient reliability which again justifies
development of multi-model ensemble scenarios. In addition to the
inter-model comparison, Figure 5 also shows the ensemble mean
annual cycle of precipitation in three future time-segments (2011-2040,
2041-2070, 2071-2100) along with maximum and minimum ranges
as projected by any of the models employed herein. Ensemble mean
precipitation by the end of the century (during 2071-2100) is slightly
higher and the histogram in Figure 6 is also reflective of that.
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Vegetation is an important factor for soil conservation through
its role in reducing the erosive impact of precipitation. A large
number of studies concluded that the rate of soil erosion decreases as
the vegetation cover increases. However, the amount of soil loss changes
according to both the vegetation type and structure [29]. The study by
Gessner [30] on the relationship between precipitation anomalies and
satellite derived vegetation activity shows that vegetation development
is sensitive to precipitation anomalies nearly over the 80% of the
Central Asian land surface. The current study shows that intensive
precipitation events are likely to occur in future in Bangladesh. Rainfall
events occurring over longer time periods allow more moisture to enter
the soil profile storage which ultimately helping the vegetation cover to
grow accompanied by a reduction in the soil erosion. On the contrary,
rainfall of greater magnitude occurring within a shorter time period,
which is likely to be the case for Bangladesh in future, can translate
into possibility of greater scour, erosion and flooding potential [16,31].
Since large fluctuations of precipitation quantities are possible in some
of the future years in Bangladesh, there will be monsoon with very little
rainfall as well. So there might be severe water shortage problems too,
resulting aggravated drought condition and reduced crop yield.

Future temperature condition

In multiple scenario comparison of temperature projections by
CGCM3.1 (Figure 7), the SRES A2 scenario exhibits increase at the
highest rate of all the scenarios considered, reaching a mean annual
temperature of 29.3°C for the period 2071-2100. For the same period,
the A1B scenario projects the mean annual temperature to reach 28.5°C
and the B1 scenario 27.7°C. With greenhouse gas emissions preset at
year 2000 conditions, the COMMIT scenario projects the mean annual
temperature to be 26.25°C for the period 2071-2100, a 0.15°C reduction
from the 2041 - 2070 mean. Thus, the extent of temperature increase in
Bangladesh as a result of climate change is found to have considerable
sensitivity to the emission levels.

Monthly ensemble mean temperature projections under Al1B
scenario in three future time segments 2011-2040, 2041-2070 and

32

2071-2100 are shown in Figure 8. From there, it is evident that the
mean temperature in pre-monsoon and monsoon is expected to cross
30°C after 2040; also temperature is likely to increase invariably in
every month. Figure 9 and Figure 10 represent monthly time series of
applied change field GCM projections and ensemble mean temperature
with standard deviation ranges both for January and May respectively
under A1B scenario. In both cases, temperature trends are increasing
invariably through future time, matching fairly well with the observed
patterns.

The annual cycle of surface temperature in three time segments are
shown in Figure 11, from which it is evident that HadGEMI distinctly
overestimates temperature after 2040 compared to the other models.
Explanation for relatively high future temperature in Bangladesh as
projected by HadGEM1 lies with the fact of HadGEM1 underestimating
cloud formation as discussed in earlier section. Because the lower the
amount of cloud cover simulated by the model, the more the response
to solar heating. In addition to the inter-model comparison, Figure 11
also shows the ensemble mean annual cycle of temperature in three
future time-segments along with maximum and minimum ranges as
projected by any of the models being employed. This also exemplifies
the consistent increasing trend of surface temperature in Bangladesh
throughout future times. Finally, Table 3 brings together the ensemble
mean monthly temperature values with calculated standard deviation
in three future time periods: 2011-2040, 2041-2070 and 2071-2100.
Apparently the possible standard deviation in pre-monsoon months
(March to May), which constitute the historically warmest months,
has been found around 1.7°C -1.9°C which is pretty high relative to
most other months. This is the evidence of the pre-monsoon months to
exhibit extreme heat waves in the future.

The risks arising from projected human induced climate change
increase significantly with increasing temperature. Below a 1°C
increase, the level of risk is low but in some case not insignificant
particularly for highly vulnerable ecosystems. In the 1°C - 2°C increase
range risk factor increase significantly and at a regional level are often

—*— Observed (1950-2009)
—=—A1B
—+— A2

31 +H ——p81
coMMmIT

— —Poly. (A1B)

----- Poly. (A2)

30 - — - -Poly. (B1)
— - - Poly. (COMMIT)

29

28

27

Mean Annual Temperature (°C)

26

25 &

24

1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Figure 7: Scenario Projection Comparisons of Mean Annual Temperature (2011-2100) for Bangladesh by CGCM3.1 Model.
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Figure 10: Multi-Model Ensemble Temperature in May.

substantial. Above 2°C the risks increase very substantially involving
potentially large extinctions or even ecosystem collapses, major
increases in hunger and water shortages as well as socio-economic
damages, particularly in developing countries.

Conclusion

From the prediction of multi model ensemble mean with respect
to the climatologic baseline 1971-2000 for Bangladesh, following
conclusions can be drawn:

The Precipitation projections by CGCM3.1 reveal very
less variation between the trends under different scenario
conditions.

Monsoon season (June to October) might experience a
decrease in total incident precipitation by almost 25%. But
most importantly, large scatters of multi-model ensemble
precipitation are prominent which demonstrate future years
of more erratic rainfall events characterizing very intensive
precipitation in one monsoon along with possible insignificant
quantity in the monsoon of the very next year. However, the
total annual precipitation may remain almost the same as the

baseline years with the chances of being slightly higher by the
end of this century.

The 30 year period-averaged standard deviation of precipitation
in a monsoon month (e.g. July) may go around 120 mm, which
signifies ‘variability’ to be of more concern rather than average
precipitation amount the country will get. However, there
will be spatial disparity of such pattern in different zones of
Bangladesh, which has not been assessed in this study.

By developing the projections of a particular climate model
(CGCM3.1) under different emission scenarios, the extent of
increase of temperature in Bangladesh is found to be highly
sensitive to the extent of emissions to the atmosphere. The
SRES A2 scenario exhibits increase at the highest rate of all
the scenarios considered, reaching a mean annual temperature
close to 30°C by the year 2100.

Mean temperature is likely to increase invariably in every
month; especially the temperature in pre-monsoon and
monsoon is expected to cross 30°C after 2040. The possible
standard deviation in pre-monsoon months (March to May)
has been found around 1.7°C - 1.9°C which is pretty high

J Earth Sci Clim Change
ISSN:2157-7617 JESCC, an open access journal

Volume 5 « Issue 2 « 1000179



Citation: Rajib MA, Sultana S, Saha M, Mujibur Rahman Md (2014) A Multi-Model Ensembling Approach for Developing Plausible Country-scale
Climate Change Scenarios for Future. J Earth Sci Clim Change 5: 179. doi:10.4172/2157-7617.1000179

Page 11 of 12

36 36
2011-2040 2011-2040
32 32
e &= =
28 28 ®
.
24 24 ' Y
-, '..
2+~ /7 e MIROC3.2 k4 20 E)
—————— HadGEM1 s
16 1 1 L 1 L 1 L - 16 1 L L L L L L L L z L
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
—&— ENSEMBLE Max Min
36 36
2041-2070 2041-2070
32 - 32 |
—~ T Tt Ty
O ]
< o5 | »s | \
2 < \
£ S
24 - - )
:.; 24 4
1<% -
£ »
&= 20 - 20 - &
------ HadGEMA1
16 L L I L I L L L L | L 16 L L L L L L L L L L L
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
—e— ENSEMBLE Max Min
36 36
2071-2100 2071-2100
32 | 32 |- ot T
e
28 28 - -
-
24 | 24 Z
@
4 L]
P MIROC3.2 20 -
—————— HadGEM1
16 : s s . : . : ' . : . 16 s - . * * .
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
—a&— ENSEMBLE Max Min
Month

Figure 11: Annual Cycle of Surface Temperature in Three Future Time Segments. Inter-model Comparison (Left) and Multi-model Ensemble with Maximum and
Minimum Ranges as Projected by any of the GCMs Employed (Right).

relative to most other months. This is the evidence of the pre-
monsoon months to exhibit extreme heat waves in the future.

atmospheric, ocean, sea-ice and land-surface components is different

Compared to the other models, HadGEMI1 distinctly

for different climate models, it is always better to analyze the combined
aspect of several models; which therefore gives way to a rational
prediction of future climatic conditions. Application of regional

overestimates temperature and underestimates monsoon
(June to October) precipitation after 2040. In-depth analysis
of possible reasoning behind this is kept out of scope for the

present research.

Since the inherent physics and associated parameterization of the

climate models other than GCMs can provide better regional details
in this regard. Still, the attempt and associated results of country-scale
multi-model ensembling from this study can be utilized by stakeholders
and policy makers in multipurpose uses including water resources
management, agricultural planning and so on.
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Month 2011-2040 2041-2070 2071-2100
January 18.3+1.5 19.6+1.4 21.0+14
February 21.0+15 228+1.6 23.8+1.7

March 26.0+1.7 271+1.8 28.1+19

April 295+1.7 30.7+1.8 31.6+2.1
May 30.0+1.8 31.1+1.8 32.0+1.8
June 30.1+1.5 309+15 31.7+19
July 29.50+ 1.6 30.3+1.4 31315
August 29.4+0.9 30.6+1.0 31.2+1.3
September 29.2+1.1 30.5+1.1 31.2+12
October 277+14 293+14 302+14
November 240+14 255+14 26.5+14
December 196+ 1.2 20.8+1.3 21.8+14

Table 3: Multi-Model Ensemble Mean Temperature (+ Standard Deviation).
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