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Abstract 

Bay of Bengal Initiative for Multi-Sectoral Technical and Economic Cooperation 
(BIMSTEC) comprising Bangladesh, Bhutan, India, Myanmar, Nepal, Sri Lanka and 
Thailand brings together 21% of the world population. Thus the impact of climate change in 
this region is a major concern for all. To study the climate change, fifth phase of Climate 
Model Inter-comparison Project models have been used to project the climate for the 21st 
century under the Representative Concentration Pathways (RCPs) 4.5 and 8.5 over the 
BIMSTEC countries for the period 1901 to 2100 (initial 105 years are historical period and 
the later 95 years are projected period). Climate change in the projected period has been 
examined with respect to the historical period. In order to validate the models, the mean 
annual rainfall has been compared with observations from multiple sources and temperature 
has been compared with the data from Climatic Research Unit (CRU) during the historical 
period. Comparison reveals that ensemble mean of the models is able to represent the 
observed spatial distribution of rainfall and temperature over the BIMSTEC countries. 
Therefore, data from these models may be used to study the future changes in the 21st 
century. Four out of six models show that the rainfall over India, Thailand and Myanmar has 
decreasing trend and Bangladesh, Bhutan, Nepal and Sri Lanka show an increasing trend in 
both the RCP scenarios. In case of temperature, all the models show an increasing trend over 
all the BIMSTEC countries in both the scenarios, however, the rate of increase is relatively 
less over Sri Lanka than the other countries. The rate of increase/decrease in rainfall and 
temperature are relatively more in RCP8.5 than RCP4.5 over all these countries. Inter-model 
comparison show that there are uncertainties within the CMIP5 model projections. More 
similar studies are required to be done for better understanding the model uncertainties in 
climate projections over this region. 

Key Words: BIMSTEC, CMIP5, Climate Change, Representative Concentration Pathways, 
RCP4.5, RCP8.5, Model Uncertainties and Climate Projections  
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1. Introduction  

South and South East Asia is one of the most climate vulnerable parts of the world. In 

recent years, climate change studies over the countries within this region have been getting 

more attention by the researchers and policy makers at the national and international levels. 

Bay of Bengal Initiative for Multi-Sectoral Technical and Economic Cooperation 

(BIMSTEC) is a regional organization comprising of seven Member States adjacent to the 

Bay of Bengal (BIMSTEC report). Out of the seven Member States, five are from South Asia 

(Bangladesh, Bhutan, India, Nepal, Sri Lanka) and two are from South East Asia (Myanmar 

and Thailand). The member countries are shown in Figure 1a. The regional group constitutes 

a bridge between South and South East Asia and represents a reinforcement of relations 

among these countries. BIMSTEC brings together 1.5 billion people – 21% of the world 

population, and a combined gross domestic product (GDP) of over US$ 2.5 trillion 

(http://www.bimstec.org/). The GDP of the BIMSTEC countries is 3.2 % of the total world 

economy. The major source of anthropogenic emission from all the BISMTEC countries is 

the energy production sector. Trends in global CO2 emissions for various regions have been 

examined by Olivier et al (2016). For the study area, time series of greenhouse gas emissions 

(kton(Gg) CO2eq/yr) for the period 1970-2012 has been plotted (Fig 1b).  It is seen that there 

is a steady increase of greenhouse gas emissions over India in last 40 years. Over Bhutan and 

Sri Lanka, the emission amount is too less. While other countries, rate of increase is not 

much, Myanmar has reduced its emission amount after 1998. The impulses of climate and 

weather in this region are a major concern for all. Therefore, the scientific findings and 

understanding reported in this paper is expected to contribute further advancement in the 

planning process over this region.  
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Rainfall and temperature are the most important climatic variables in the context of 

climate change and these two variables have been studied both globally and regionally with 

various different aspects. Such studies have been made in Intergovernmental Panel on 

Climate Change (IPCC) Fifth Assessment Report (AR5) using the coupled models of the 5th 

version of coupled model intercomparison project (CMIP5, IPCC report 2013). An analysis 

of CMIP3 and CMIP5 models is thus studied to understand the capability of climate models 

in simulating the present-day climate. As compared with CMIP3, CMIP5 models showed 

some significant improvements in the simulation of surface temperatures, but there was a lack 

of apparent improvement for simulation of rainfall. Bangladesh is particularly vulnerable 

because of ongoing climate change as shown by Nowreen et al. 2014 who simulated the 

regional climate of Bangladesh by a high-resolution regional climate model (Providing 

Regional Climate for Impact Studies, PRECIS). According to Climate Change Cell (CCC, 

2006) of Bangladesh, projected temperature rise in Bangladesh is 1.3°C by 2030 (over mid-

20th century levels) and 2.6°C by 2070. In case of projected rainfall, it may increase by 3.8% 

during 2030 and 9.7 % during 2100. Using CMIP3 and CMIP5 multi-model data Hasan et al. 

(2013) provided the projections of surface temperature and rainfall over the Bangladesh for 

the period 1971 to 2100. They found that the spread of CMIP5 precipitation projections are 

smaller than CMIP3 climate projections. Thus the CMIP5 projections are more helpful for 

decision makers as they have comparatively better representation of earth’s physical 

processes. Based on studies carried out by Hasan et al. (2015) using CMIP5 projections, the 

annual precipitation over Bangladesh may rise by 4.4%, 4.9%, and 11.9% for RCP2.6, 

RCP4.5 and RCP8.5 respectively, by 2100 compared to the 1971 to 2000 baseline in 

European Centre (EC) Earth system model. The annual mean temperature increases by 1.4 – 

4.1°C by 2050s under different RCP scenarios and by about 2.3 – 6.4 °C by 2080s, relative to 

the base period. For Nepal, various available studies (Shrestha et al. 1999; Rangwala et al. 
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2009; Ohmura 2012; Rangwala and Miller 2012) show that the mean annual temperatures 

have increased during the recent years. Results from the CMIP5 models suggest that 

temperatures will increase between 1.3 – 2.4 °C over the period 1961–1990 to 2021–2050 

(Lutz et al. 2013). Not much work have been done over Bhutan due to lack of data and 

information to tell about historical changes in temperature and rainfall pattern and also future 

changes. According to Alam and Tshering (Capacity Strengthening in the Least Developed 

Countries for Adaptation Climate Change (CLACC) working report, 2004), temperature may 

increase by 2°C and as a consequence the glaciers or snow cover may be retreated by 49cm, 

with the rainfall may increase of about 4.1% by the end of 21st century over Bhutan. 

Supharatid (2015) has studied the precipitation change projection, in the rainy season in 

Bangkok through multi-model mean and multi-model median of 9 GCMs. The uncertainty in 

precipitation projections as a result of the range in the climate change projections have been 

quantified and show how this uncertainty differs between the CMIP3 and CMIP5 ensembles. 

In India, several studies have been carried out considering temperature and precipitation 

projections (Chaturvedi et al. 2012, Dash et al. 2014, Pattnayak et al. 2013 and 2016). The 

CMIP5-based model ensemble mean (Chaturvedi et al. 2012) indicate that temperatures will 

increase from of 2°C (RCP2.6) to 4.8°C (RCP8.5) over India (from 1880s to 2080s).  All 

India precipitation is projected to increase by 6%, 10%, 9% and 14% under the scenarios 

RCP2.6, RCP4.5, RCP6.0 and RCP8.5 respectively, by 2080s relative to the 1961–1990 base, 

while much larger variability is seen in the spatial distribution of precipitation. Dash et al. 

(2014) projected the Indian summer monsoon using regional climate model driven with 

GFDL-ESM2M for RCP 4.5 and 8.5. They have shown that the rainfall may decrease over 

the central India and the signal strengthens with time. Although Sri Lanka does not contribute 

to global warming (Yamane, 2009), still the mean air temperature of the country has 

increased by 0.016˚C per year during the period of 1961-1990 (Chandrapala 1996), and the 
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projected mean temperature may increase by approximately 0.9 – 4 ̊ C by the year 2100 (De 

Zoysa and Inoue 2014; Basnayake et al., 2007). The annual average rainfall in Sri Lanka has 

decreased by 144 mm from 1961 to 1990; this is a decrease of approximately 7% compared 

with the period of 1931 to 1960 (Baba, 2010).  

A handful amount of climate change studies over this region have used climate models 

to estimate future projections and uncertainties. In this study, an attempt has been made to 

project the spatial and temporal variations of precipitation and temperature over BIMSTEC 

countries using CMIP5 simulations under a high emissions scenario (RCP8.5, Moss et al. 

2010) and a medium mitigation scenario (RCP4.5) for the twenty first century. RCP 8.5 is a 

high emissions scenario with maximum emissions in 2100 of nearly 30 PgC yr-1 and 

atmospheric CO2 levels nearly 1000 ppm in 2100. The RCP2.5 scenario is very modest and 

detailed analysis of climate simulations in RCP4.5 and RCP8.5 scenarios capture all the 

aspects of RCP2.5 scenarios. As the foregoing literature survey indicates, present climate 

trend and future projections are different over each of the BIMSTEC member countries. The 

climate projections from various CMIP5 models also show a range of solutions. Previous 

studies also bundle all the model results in a single study in order to rank the models or to 

highlight the future projections and therefore, individual strength and weakness of these 

models over a particular country/region do not get enough attention. We address here the 

following questions using observations and some of the CMIP5 model simulations: (i) how 

the climate conditions in the historical records over the BIMSTEC countries have been 

simulated by the models? (ii) since Bhutan, Nepal and Sri Lanka don’t contribute towards 

global warming, still whether these countries are affected by global warming? (iii) how the 

rainfall in these countries is going to behave in the high emissions scenario (RCP8.5) and 

medium mitigation scenario (RCP4.5) and (iv) do the selected CMIP5 models behave in a 

similar manner or there are uncertainties. A brief discussion of the data and methodology 
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used for this study are described in Section 2. Section 3 discusses the verification of CMIP5 

simulations for the historical period. Section 4 provides the rainfall and surface temperature 

projections in RCP 4.5 and 8.5 scenarios. The last Section 5 summarizes the conclusions.  

2. Data and methodology 

The long-term historical simulations and future projections from the Fifth Coupled 

Model Inter-comparison Project (CMIP5, Taylor et al. 2012) over the BIMSTEC region 

(Figure 1a) have been used for this study. Among the available CMIP5 model simulations, 

six models have been chosen to analyze the present-day (historical) and projected climate in 

RCP 4.5 and 8.5 (Moss et al. 2008). Moss et al. (2010) have assigned priority to the RCPs. 

The highest emission scenario RCP8.5 is the first priority and the scenario with stabilization 

without overshoot i.e. RCP4.5 is the second priority. Thus these two scenarios have been 

selected for this study. Sengupta and Rajeevan (2013) have examined the CMIP5 simulated 

results over the Indian region in detail and have ranked these model in terms of skill of 

precipitation and temperature simulations. However, each model has its own characteristic 

skill on some or other aspect of temperature and precipitation simulation.  The six models 

used in this study are listed in Table 1, together with their host institutions, and their 

abbreviations as used in this study. Availability of the model projections for dynamic 

downscaling has been one of the criteria for selecting the models for the present study. The 

model simulations are available for the period of 1901 to 2100. This period of simulation has 

been divided in to two periods, historical or present day climate (1901 to 2005) and projected 

climate (2006 to 2100). The historical simulations have been forced by observed atmospheric 

composition changes (including greenhouse gases, natural and anthropogenic aerosols and 

volcanic forcing), solar variations and time-evolving land cover in a bid to simulate the 

observed climate of the recent historical period. The projected climate simulations have been 

forced by radiative forcing of 4.5 and 8.5 W/m2 in RCP 4.5 and 8.5 respectively, and while 
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greenhouse gases, solar constant, ozone and aerosol are kept changing with time. For 

evaluating the model simulations, the simulated rainfall has been compared with multiple 

datasets of observed gridded rainfall such as Climatic Research Unit (CRU, TS3.21; Harris 

at al. 2014), Global Precipitation Climatology Center (GPCC, Schneider et al., 2014) and 

Global Precipitation Climatology Project (GPCP; Adler et al., 2003) and the surface 

temperature has been compared with CRU. The CRU and GPCC data are available for the 

period 1901 to 2012, while GPCP data is available from 1979 till present Thus, the model 

evaluation has been done for common period between the model simulations and 

observations i.e. 1901 to 2005 in case of CRU and GPCC and 1979 to 2005 for GPCP. Most 

of the analyses of the model simulations are carried out at the model resolution (without 

applying any interpolation). Area average quantities have been computed for each country 

and from each simulation. In order to compute model bias against observations, the model 

data at coarse resolution have been interpolated uniformly to the CRU data at finer resolution 

onto 0.5x0.5 degree grid or respective observations. The same step has been carried out for 

making the multi-model ensemble. Model anomalies have been have been computed at each 

grid point with respect to observations for the present climate. These anomalies are then 

averaged over the grid box representing the respective countries. The trends in precipitation 

and temperature have been computed for each country and each member of the model 

simulations. 

3. Verification of CMIP5 models 

The simulated rainfall and temperature have been validated against the corresponding 

observations through climatological spatial maps, time series and box-whisker diagrams for 

the period 1901 to 2005 over each of the BIMSTEC countries. The spatial results presented 

on the maps provide a perspective on the reliability of the models over each grid points. 

While the time series and box-whisker diagrams, show the statistical distribution of the 
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results across climate scenarios, provide a complementary perspective on the variability of 

the observed changes in last 105 years.  

The annual mean rainfall and temperature from ensemble mean of six CMIP5 models 

for each of the BIMSTEC countries have been verified against the corresponding CRU 

observations are shown in Figure 2 to 5. Figure 2(a-r) shows the climatological annual 

rainfall from the ensemble means of six CMIP5 Models, CRU and their differences for the 

period 1901 to 2005. The ensemble mean is able to reproduce the rainfall over most of the 

regions in Bangladesh, Bhutan, India, southern part of Nepal, northeast Myanmar and 

Thailand. Over these countries, the model ensemble shows similar spatial pattern as that in 

the CRU observed. South-western part of Myanmar is highly underestimated by about 4 – 8 

mm/day in the ensemble mean (Figure 2-l). Over Sri Lanka, the models also underestimated 

the annual rainfall by 2 – 4 mm/day (Figure 2-o). An overestimation of rainfall can be seen 

over north Bhutan, India and major parts of Nepal (Figure 2- f, i and l). Over most of the 

parts of Thailand, the models and observation have shown similar rainfall amount of about 2 

– 4 mm/day (Figure 2-r). The spatial correlation between the ensemble mean and the CRU 

observed rainfall is having minimum value of 0.53 over Myanmar and maximum value of 

0.88 over Bhutan. For the sake of completeness, the model simulated annual mean rainfall 

has been compared with GPCC (Figure S1) and with GPCP (Figures  S2) for the period 1979 

to 2005. Comparison shows that the rainfall from the model ensemble have similar agreement 

with CRU (Figure 2) with both the observed datasets (Figures S1 and S2). From the above 

discussions, it may be concluded that large-scale rainfall climatology over the study region 

are well simulated by even the coarse resolution global models. Therefore, the underlying sea 

surface temperatures (SSTs) and other natural as well as greenhouse gas (GHG) forcing used 

in the models adequately explain the rainfall climate.  

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

 10 

Further, the model evaluation has been carried out by examining the capability in 

simulating the internannual variation of annual rainfall. Area average of rainfall over each of 

the BIMSTEC countries have been calculated to compute the inter-annual variation of annual 

rainfall anomaly for all the six CMIP5 models as well as the CRU and GPCC observations 

(Figure 3).  The grey shaded region in the figure shows the spread of annual rainfall anomaly 

of the six CMIP5 models. It can be seen that both the observations (CRU as blue line and 

GPCC as green line) lie within the spread of the CMIP5 models over all the countries. It may 

be noted here that the historical CMIP5 experiments were only constrained by observed GHG 

concentrations; therefore, they could not represent inter-annual variability. However, in the 

study region, most of rainfall variability occurs in the monsoon season. The interannual 

variability of the monsoons largely depend on the SST variability. Jha et al (2014) have 

examined the diversity of CMIP5 models in simulating various aspects of SST variability and 

found that majority of the CMIP5 models reasonably capture the relative large SST anomaly 

variance in the tropical central and eastern Pacific, in north Pacific and north Atlantic. 

However, frequency of ENSO is not well captured by almost all models. The remote response 

of SSTs on the monsoon variability in the study region has not been examined in detail. In the 

present study, it is seen that the ensemble members of the selected CMIP5 models and the 

observations lie within the model spread (Figure 3). It means that the ensemble members are 

statistically identical to the observed values in the sense that both the observation and an 

ensemble member can be considered to be drawn from the same composite of underlying 

distributions (Johnson and Bowler, 2009).  

Figure 4(a-r) shows the climatological annual mean temperature from the ensemble 

mean, CRU and their difference for the period 1901 to 2005. Most parts of the BIMSTEC 

region have cold bias except over north-west Myanmar (Figure 4-l) and southern part of Sri 

Lanka (figure 4-o). Over Bangladesh, the ensemble mean has cold bias by about 2 – 4 ºC 
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(Figure 4-c) and over Thailand, the cold bias is about 1 – 2 ºC (Figure 4-r). Although, the 

models show cold bias, the spatial pattern is fairly well captured over all the BIMSTEC 

countries. Interannual variation of annual mean temperature anomaly for each of the 

BIMSTEC countries for the period 1901 to 2005 in six CMIP5 models (grey shaded) and 

CRU observations (blue line) have been shown in Figure 5. The grey shaded region shows 

the spread of six CMIP5 model simulated temperature anomaly. The temperature from the 

CMIP5 model agrees well with the CRU temperature and the CMIP5 model spread lies in 

between the observed interannual spread over all the countries. Over Nepal and Bhutan, the 

annual temperature has shown a significant increase during 1980 to 2005 which is consistent 

with study carried out by Shresta et al. 1999. In all the countries, the annual mean 

temperature shows an increasing from 1990 in both simulations and observation.  The spatial 

correlation between the ensemble mean and the CRU observed surface temperature is 

minimum over Sri Lanka with a value of 0.48 and maximum value of 0.95 over India. It may 

be noted that the large-scale distribution of mean surface temperature is largely determined 

by the distribution of incoming solar radiation moderated by clouds, other surface heat fluxes 

and transport of energy by the atmosphere (IPCC, 2007). The biases in global models are 

largely associated with the global energy balance among the various physical processes 

including radiative processes (e.g., cloud, albedo feedbacks) and non-radiative processes 

(e.g., surface turbulent fluxes and large-scale circulation) within the model climate system 

(Randall et al., 2007; Yang and Ren, 2011). Many climate models have cold bias in the study 

region including the models selected for the present study. The present study does not attempt 

to examine the sources of biases in the present set of models. 

Further, the models have been validated in simulating the annual rainfall and 

temperature with the help of box-whiskers as shown in Figure 6 and 7 (a-g) respectively over 

the each of the BIMSTEC Countries. The x-axis represents the six CMIP5 Models, their 
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ensemble and CRU, while the y-axis represents the rainfall (mm/day) and temperature (ºC). 

In both the figures, the boxes indicate the 1st quartile, median and 3rd quartiles of the 

distribution and the whiskers represent the range from the minimum to the maximum during 

the 105 years period. In each of the box and whisker plot, the middle line represents the 

median of rainfall or temperature, and the top and bottom of the rectangle box represent the 

25th and 75th percentiles respectively. The dashed lines extending above and below the 

boxes (the whiskers) show the range of extreme values of the projected results, and the open 

circles show the model outliers. The outliers are retained in the plots because they provide 

some indication of the worst case scenarios during the period of study. In Figures 6 and 7, 

each of the members of GFDL and HadGEM2 family behaves alike over most of the 

BIMSTEC countries. The simulated annual rainfall has been underestimated over Bangladesh 

when compared with CRU rainfall (Figure 6a). Although the annual rainfall has been 

underestimated in both the families, the HadGEM2 simulations are relatively closer to the 

observations as compared to those in GFDL family. Similar inferences can be seen over 

Bhutan, India, Myanmar and Thailand. Over Sri Lanka, the annual rainfall from GFDL 

family is closer to the CRU observation than that of HadGEM2 family. In Figure 7, the 

annual temperature has been underestimated by most of the models over Bangladesh, Bhutan 

and Nepal. Over Sri Lanka and Thailand, the GFDL family have cold bias whereas the 

HadGEM2 family has warm bias. In both the figures 6 and 7, it can be seen that the ensemble 

mean of these models have relatively less error than the each member of the ensemble. By 

and large, the CMIP5 models simulate satisfactorily some of the salient features of annual 

mean rainfall and temperature. Eventhough, these models have large biases over the 

BIMSTEC countries, they may be suitable to be used for studying the future projected 

climate over the region. 
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4. Projection of rainfall and temperature  

 This section deals with the annual trends in rainfall and temperature by 2100 with 

respect to 1901 in each of the models in RCP4.5 and RCP8.5. The rainfall trends in RCP4.5 

and RCP8.5 are depicted in Figures 8 and 9 respectively. It can be noticed from the figures 

that the rainfall trends are similar in both the RCPs, but only difference is the magnitude. The 

magnitude is more in RCP8.5 than that in the RCP4.5. All the models show an increasing 

trend of about 0.2 mm/yr in RCP4.5 and 0.4 mm/yr in RCP8.5 over Bangladesh. The GFDL 

and HadGEM families show different trends over Bhutan and Nepal. There is an increasing 

trend in GFDL family whereas the HadGEM family shows a decreasing trend over these 

countries. Except GFDL_CM3 model, all the other models show that there is an increasing 

trend in annual rainfall over Myanmar in both the RCPs. Out of the six models, fives models 

show that there is a decreasing trend in annual rainfall over Thailand in both the RCPs. The 

decreasing trend is more in HadGEM members than in the GFDL members. There is no 

significant trend over Sri Lanka in any of the models.  

Further, the time series of annual mean rainfall from all the models and ensemble 

mean have been plotted for the period 1901 to 2100 over each of the BIMSTEC countries in 

Figure 10(a-g). Since the historical simulations were available up to 2005, thus the CRU 

observations were also plotted up to 2005 only. The model spread is quite less over India and 

Thailand while it is maximum over Bangladesh and Sri Lanka, which indicates that the model 

uncertainty is more (less) over the countries where spread is more (less). It can be noticed 

from the ensemble mean that no country shows any significant trend (increasing/decreasing) 

during the historical period (1901 to 2005). In all the BIMSTEC countries, the rainfall may 

increase in either of the RCP scenarios. The rainfall intensity is more in RCP8.5 than RCP4.5 

towards the end of the twenty first century in all the countries except Thailand. Thailand is 

the only country where the rainfall in RCP4.5 shows more than that in the RCP8.5. The 
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strengthening of rainfall after 2080 seen in the present study over Thailand agrees with the 

study made by Supharatid 2015 and over India the results are consistent with the study 

carried out by Chaturvedi et al. 2012. Over Bangladesh, India and Nepal, the rainfall is likely 

to increase in both the RCPs. There may be no change in the rainfall in either scenarios over 

Bhutan, Myanmar and Sri Lanka. 

 The surface temperature trends in RCP4.5 and RCP8.5 are shown in Figures 11 and 

12 respectively. It may be noticed from both the figures that, the surface temperature has 

more or less an increasing trend over all of the BIMSTEC countries. But the rate of increase 

in surface temperature is more in RCP8.5 (Figure 12) than that of the RCP4.5 (Figure 11). In 

RCP4.5, the rate of increasing trend over Bangladesh, Bhutan, Myanmar, Nepal and most 

part of India and Thailand is about 3 – 4 ºC/200years during the 1901 to 2100 in most of the 

models. Over Sri Lanka, the trend is about 2 – 3 ºC/200years. Similarly, the trend in RCP8.5 

over Bangladesh, Bhutan, Myanmar, Nepal, Thailand and most part of India is about 4 – 5 

ºC/200years during the 1901 to 2100 in most of the models. Over Sri Lanka, the trend is 

about 3 – 4 ºC/200years. It can be seen that the trend is maximum over north-west part of 

India and minimum over Sri Lanka in both the RCPs and in all of the models. Among all the 

models, the GFDL-CM3 shows maximum warming in both the RCPs. 

 Figure 13 shows the time series of annual mean surface temperature from the six 

CMIP5 models for the period 1901 to 2100 over each of the BIMSTEC countries. In this 

figure the colour conventions are the same as in the Figure 10. Over India, the spread is 

minimum while it is maximum over Nepal, which indicates the model uncertainty is more 

over Nepal and less over India. The model ensemble shows a slight increasing trend of 

surface temperature over all the countries during the historical period. The rate of increase in 

annual mean surface temperature is quite large towards the end of 21st century in RCP8.5 

than those in the RCP4.5 over all the BIMSTEC countries. Over all the countries, the annual 
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mean temperature seems like to be same till 2040 in both RCP4.5 and RCP8.5. After 2040, 

the surface temperature might stabilise in RCP4.5 but intensify in the RCP8.5 over all the 

countries. Thus the temperature difference between RCP 4.5 and RCP 8.5 towards 2100 over 

all the BIMSTEC countries is about 3 – 4ºC. It may be noted here that the basic structure of 

the models used in this study is comparable. But the differences arise when these models try 

to represent the physical interactions between the atmosphere, the oceans, land surfaces, and 

sea ice with respect to a multitude of processes operating on many different space and time 

scales. They all differ in their details make different choices about which elements of the 

physics to emphasize. These models also differ in their treatment of clouds and aerosols. 

Climate change projections are associated with a range of limitations and uncertainties which 

are driven mainly by the model and scenario uncertainties. Climate projections are generally 

more reliable at the global scale than at smaller regional scales (Taylor et al. 2012). The 

differences in the projected temperature or precipitation among the models arise when the 

changes made by the model is due to its internal processes over a small region are more than 

that caused by prescribed radiative heating representing climate change (e.g. RCP4.5 or 

RCP8.5). The uncertainties are more where the region has sharp orography gradient and the 

coarse-resolution global models are not able to represent this heterogeneity in the orography. 

Nepal is a small country on the foothills of Himalayas and has sharp topographic gradient. 

Therefore, each model produces a different future projection for this region. In contrast, India 

is a large country and the area-mean uncertainty in temperature projection is less than that of 

a small country (Nepal). Multi-model ensemble mean approaches try to represent the 

uncertainties in regional climate projections in a reasonable manner which have been used in 

this study.  
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Conclusions 

In this study, future changes in annual rainfall and surface temperature projected by the 

six state-of-the-art IPCC AR5 CMIP5 models have been analyzed to derive robust signals of 

projected changes and its variability over the BIMSTEC countries. During the historical 

period, the comparison analysis reveals that the performance of the models are sufficient 

enough in simulating the annual rainfall and surface temperature pattern over the most of the 

BIMSTEC countries. Hence it has been used to project the future changes in climate over the 

BIMSTEC countries. 

Four out six models show that the rainfall over central and north India, Thailand and 

eastern part of Myanmar have decreasing trend and Bangladesh, Bhutan, Nepal and Sri Lanka 

show an increasing trend in both RCP 4.5 and RCP 8.5 scenarios. In case of temperature, all 

of the models show an increasing trend over all the BIMSTEC countries in both scenarios, 

however, the rate of increase is relatively less over Sri Lanka than the other countries. The 

rate of increase or decrease in rainfall and temperature over the BIMSTEC countries reveals 

that the signals are stronger in RCP8.5 than that in RCP4.5. Inter-model comparison show 

that there are large uncertainties within the CMIP5 model projections. However, the results 

found in this study, which is consistent with other earlier studies give us the confidence in the 

projected changes in the annual rainfall and temperature over most of the BIMSTEC 

countries. Many more such kind of studies are required to help scientists and policy makers to 

develop suitable strategies to cope with and take advantage of possible future climate 

changes. Moreover, there is a need to downscale the coarse resolution climate model 

projections using dynamic downscaling method (by using high-resolution regional climate 

models). This work is now underway. 
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Table – 1 List of CMIP5 climate models and ensemble outputs used in this study, their resolution, 
and research groups responsible for their development  

Models 
Modelling 

Centre/Group 

Resolution 
(Lat x Lon)  

Simulation 
Period 

Reference 

GFDL-CM3 NOAA Geophysical 
Fluid Dynamics 
Laboratory 

2.0° x 2.5° 1861 – 2100  Donner et al., 2011 

GFDL-ESM2G NOAA Geophysical 
Fluid Dynamics 
Laboratory 

2.0° x 2.5° 1861 – 2100  Dunne et al. 2012 & 2013 

GFDL-ESM2M NOAA Geophysical 
Fluid Dynamics 
Laboratory 

2.0° x 2.5° 1861 – 2100  Dunne et al. 2012 & 2013 

HadGEM2-AO Met Office, Hadley 

Centre, UK 

1.25° x 1.875° 1859 – 2299 Martin et al. 2011 

HadGEM2-CC Met Office, Hadley 

Centre, UK 

1.25° x 1.875° 1859 – 2299 Martin et al. 2011 

HadGEM2-ES Met Office, Hadley 

Centre, UK 

1.25° x 1.875° 1859 – 2299 Collins et al. 2011 
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Figures 

1. Figure 1 (a) BIMSTEC region is the area of interest over which the study has been 
carried out; (b) Time series of Green House Gases emissions (kton(Gg) CO2eq/yr) for 
the period 1970-2012 (Olivier et al. 2016) for each of the countries of BIMSTEC. 

2. Figure 2 Climatology of the annual rainfall (mm/day) for the period 1901-2005 (a) 
CRU, (b) Ensemble Mean of GFDL and HadGEM2 (ENSEMBLE) and (c) 
ENSEMBLE – CRU. 

3. Figure 3 Time series of annual rainfall anomaly (mm/day) during the period 1901 to 
2005. Grey shaded area represents the range of rainfall anomaly in six CMIP5 models for 
each year. Blue and green curve represents CRU and GPCC rainfall for the historical 
period (1901 to 2005) respectively. 

4. Figure 4 Climatology of the annual surface temperature (ºC) for the period 1901-2005 
(a) CRU, (b) ENSEMBLE and (c) ENSEMBLE – CRU. 

5. Figure 5 Time series of annual temperature anomaly (°C) during the period 1901 to 
2005. Grey shaded area represents the range of temperature anomaly in six CMIP5 models 
for each year. Blue curve shows the CRU observed temperature anomaly. 

6. Figure 6 Box plot of climatological annual rainfall as observed by CRU and 
simulated by CMIP5 Models over (a) Bangladesh, (b) Bhutan, (c) India, (d) Myanmar 
(e) Nepal, (f) Sri Lanka and (g) Thailand for 1901 – 2005. 

7. Figure 7 Box plot of climatological annual surface temperature as observed by CRU 
and simulated by CMIP5 Models over (a) Bangladesh, (b) Bhutan, (c) India, (d) 
Myanmar (e) Nepal, (f) Sri Lanka and (g) Thailand for 1901 – 2005. 

8. Figure 8 Annual rainfall trend (mm/200years) during the period 1901 to 2100 in 
RCP4.5 as simulated by (a) GFDL_CM3, (b) HadGEM2_AO, (c) GFDL_ESM2G, (d) 
HadGEM2_CC (e) GFDL_ESM2M, (f) HadGEM2_ES and (g) ENSEMBLE Mean. 

9. Figure 9 Annual rainfall trend (mm/200years) during the period 1901 to 2100 in 
RCP8.5 as simulated by (a) GFDL_CM3, (b) HadGEM2_AO, (c) GFDL_ESM2G, (d) 
HadGEM2_CC (e) GFDL_ESM2M, (f) HadGEM2_ES and (g) ENSEMBLE Mean. 

10. Figure 10 Time series of annual mean rainfall during the period 1901 to 2100. 
Shaded area represents the range of annual mean rainfall by the six models for each year. 
The model ensemble averages for each RCP are shown with thick lines. Grey shade and blue 
thick line represents RCP4.5 while the pink shade and red thick line represents RCP8.5. 

11. Figure 11 Annual surface temperature trend (ºC/200years) during the period 1901 to 
2100 in RCP4.5 as simulated by (a) GFDL_CM3, (b) HadGEM2_AO, (c) 
GFDL_ESM2G, (d) HadGEM2_CC (e) GFDL_ESM2M, (f) HadGEM2_ES and (g) 
ENSEMBLE Mean. 

12. Figure 12 Annual surface temperature trend (ºC/200years) during the period 1901 to 
2100 in RCP8.5 as simulated by (a) GFDL_CM3, (b) HadGEM2_AO, (c) 
GFDL_ESM2G, (d) HadGEM2_CC (e) GFDL_ESM2M, (f) HadGEM2_ES and (g) 
ENSEMBLE Mean. 
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13. Figure 13 Time series of annual mean temperature(°C)  during the period 1901 to 
2100. Shaded area represents the range of annual mean temperature by the six models for 
each year. The model ensemble averages for each RCP are shown with thick lines. Grey 
shade and blue thick line represents RCP4.5 while the pink shade and red thick line 
represents RCP8.5. 
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Figure 1 (a) BIMSTEC region is the area of interest over which the study has been carried 
out; (b) Time series of Green House Gases emissions (kton(Gg) CO2eq/yr) for the period 
1970-2012 (Olivier et al. 2016) for each of the countries of BIMSTEC. 
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Figure 2 Climatology of annual mean rainfall (mm/day) for the period 1979-2005 for each of 
the countries of BIMSTEC. The left and middle column represents the observation as evident 
in CRU data set and ensemble mean of six CMIP5 models respectively. The right column 
shows the difference between the Ensemble mean and the CRU observed. 
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Figure 3 Time series of annual rainfall anomaly (mm/day) during the period 1901 to 2005. 
Grey shaded area represents the range of rainfall anomaly in six CMIP5 models for each year. Blue 
and green curve represents CRU and GPCC rainfall for the historical period (1901 to 2005) 
respectively.  
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Figure 4 Same as figure 2 but for annual mean surface temperature (°C). 
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Figure 5 Time series of annual temperature anomaly (°C) during the period 1901 to 2005. 
Grey shaded area represents the range of temperature anomaly in six CMIP5 models for each year. 
Blue curve shows the CRU observed temperature anomaly. 
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Figure 6 Box plot of climatological annual rainfall as observed by CRU and simulated by 
CMIP5 Models over (a) Bangladesh, (b) Bhutan, (c) India, (d) Myanmar (e) Nepal, (f) Sri 
Lanka and (g) Thailand for 1901 – 2005.  

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

 31 

 

Figure 7 Box plot of climatological annual surface temperature as observed by CRU and 
simulated by CMIP5 Models over (a) Bangl.5adesh, (b) Bhutan, (c) India, (d) Myanmar (e) 
Nepal, (f) Sri Lanka and (g) Thailand for 1901 – 2005. 
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Figure 8 Annual rainfall trend (mm/200years) during the period 1901 to 2100 in RCP4.5 as 
simulated by (a) GFDL_CM3, (b) HadGEM2_AO, (c) GFDL_ESM2G, (d) HadGEM2_CC 
(e) GFDL_ESM2M, (f) HadGEM2_ES and (g) ENSEMBLE Mean. 
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Figure 9 Annual rainfall trend (mm/200years) during the period 1901 to 2100 in RCP8.5 as 
simulated by (a) GFDL_CM3, (b) HadGEM2_AO, (c) GFDL_ESM2G, (d) HadGEM2_CC 
(e) GFDL_ESM2M, (f) HadGEM2_ES and (g) ENSEMBLE Mean 
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Figure 10 Time series of annual mean rainfall during the period 1901 to 2100. Shaded area 
represents the range of annual mean rainfall by the six models for each year. The model ensemble 

averages for each RCP are shown with thick lines. Grey shade and blue thick line represents RCP4.5 
while the pink shade and red thick line represents RCP8.5. 
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Figure 11 Annual surface temperature trend (ºC/200years) during the period 1901 to 2100 in 
RCP4.5 as simulated by (a) GFDL_CM3, (b) HadGEM2_AO, (c) GFDL_ESM2G, (d) 
HadGEM2_CC (e) GFDL_ESM2M, (f) HadGEM2_ES and (g) ENSEMBLE Mean. 
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Figure 12 Annual surface temperature trend (ºC/200years) during the period 1901 to 2100 in 
RCP8.5 as simulated by (a) GFDL_CM3, (b) HadGEM2_AO, (c) GFDL_ESM2G, (d) 
HadGEM2_CC (e) GFDL_ESM2M, (f) HadGEM2_ES and (g) ENSEMBLE Mean. 
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Figure 13 Time series of annual mean temperature(°C)  during the period 1901 to 2100. 
Shaded area represents the range of annual mean temperature by the six models for each year. The 
model ensemble averages for each RCP are shown with thick lines. Grey shade and blue thick line 
represents RCP4.5 while the pink shade and red thick line represents RCP8.5. 
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Highlights 

 Impact of climate change over BIMSTEC countries is a major concern for all as it brings 
together 21% of the world population.  

 Six state-of-the-art IPCC AR5 CMIP5 models have been analyzed to derive robust signals of 
projected changes and its variability over the BIMSTEC countries. 

 During the historical period, the comparison analysis reveals that the performance of the 
cmip5 model used in this study are sufficient enough in simulating the annual rainfall and 
temperature pattern over the most of the BIMSTEC region. 

 The rate of increase or decrease in rainfall and temperature over the BIMSTEC countries 
reveals that the signals are stronger in RCP8.5 than that in RCP4.5. 

 Inter-model comparison show that there are large uncertainties within the CMIP5 model 
projections.  
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