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 Background: Climate change is a significant change of weather pattern over a long 

period of time. Since the economics of this region relies on agriculture and natural 

resources development and extraction, climate change has exert adverse impacts on 
Malaysia. Objective: This paper aims to project the future average surface temperature 

and total precipitation from 2010 to 2100 over Malaysia region based on IPCC Fifth 

Assessment Report. Initial and boundary conditions were obtained from global climate 
model, Bias-corrected Community Earth System Model (CESM) as input to Weather 

Research Forecast (WRF) modelling system. Results: The regional climate model 
performed well in simulating the mean surface temperature, with a slightly cold bias 

less than −2°C. However, the precipitation did not perform as well as the surface 

temperature. The future projection showed large warming in Malaysia under the 
RCP8.5, with an increment of around 3.0°C during winter season and 3.1°C during 

summer monsoon, as relative to the baseline period. Meanwhile, the increase of mean 

surface temperature was found lower under RCP4.5scenario as compared to RCP8.5 
scenario due to weaker emission. The research domain was observed to experience 

more rainfall, with an increment around 2.4mm/day and 5.4mm/day during winter and 

summer seasons respectively in RCP8.5 scenario. Lower changes of precipitation were 
found under the RCP4.5 scenario. Conclusion: Our results suggest that the climate 

variability in the future period can potentially trigger the climate-related risk such as air 

pollutant.  
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INTRODUCTION 

 

 The rapid transformation of Malaysia’s 

economic in the last few decades has been identified 

as one of the most significant contributor to the 

country's increase anthropogenic emissions. Increase 

in greenhouse gas emissions as well as the biogenic 

emissions from sources that are associated with 

various economic activities such as the conversion of 

forest into oil palm and other land uses were found to 

be significant (Sentian et al., 2010; Pyle et al., 2011; 

Skiba et al., 2012). Based on the socio-economic and 

environmental setting and landscapes, the country 

has also been identified as one of the most vulnerable 

in the regions due to climate changes (Kong and 

Sentian, 2015). Therefore, the concern on 

vulnerability issue due to climate change related risks 

has been on the top priority of the Malaysian 

Government policies in dealing with climate change. 

 In recent years, a number of studies related to 

regional climate change impact investigation over the 

Southeast Asia (SEA) region were conducted using 

global and regional climate models. Earlier study by 

Ueda, Iwai, Kuwako and Hori (2006) using nine 

coupled atmosphere-ocean general circulation  

models (AOGCMs) have projected a warmer climate 

at the end of the century with the increase of surface 

temperature between 2.2°C and 2.8°C. Meanwhile, 

the changes of total precipitation were projected 

between −2.4% to 6%. High amount of precipitation 

(increment up to 50%) was also observed in this 

region. Another study by Sentian and Kong (2013) 

using the Hadley Regional Climate Model, PRECIS 

have projected an average warming of 3.0°C during 

winter monsoon and 3.1°C during summer monsoon 
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under the SRES A2 scenario at the end of the 

century. Under the same emission scenario, the 

future total precipitation over the region has shown 

high degree of variability. In the middle of this 

century, using the Weather Research Forecast (WRF) 

RCM over SEA, the surface temperatures were also 

found to increase between 0.1°C and 3°C 

(Chotamonsak et al., 2011). In terms of precipitation, 

high variability was found, although on average it 

showed an increasing trend. In a recent study over 

Malaysian domain (Kong and Sentian, 2015), the 

region was also projected to experience a warming 

with an increase of surface temperature by 2.8°C 

during winter monsoon and 3.5°C during summer 

monsoon under the SRES A2 of the IPCC. Under the 

SRES B2 for the same domain, the projections of 

surface temperature were slightly lower of about 

1.9°C and 2.4°C during winter and summer monsoon 

respectively. In term of total precipitation, a decrease 

of 1.18mm/day (23%) during winter monsoon and 

0.41mm/day (8%) during summer monsoon under 

A2 scenario were observed. Similar observation was 

projected under B2 scenario, where the total 

precipitation level decreased in both seasons by 

1.28mm/day (25%) and 0.46mm/day (9%) during 

winter and summer monsoons respectively.   

 The emission scenarios used for the climate 

impact studies were mostly based on IPCC Third and 

Fourth Assessment Reports, which encompassed the 

social-economic emission scenarios. These emission 

scenarios were seen as more strenuous in the 

exploration as the emission trajectories have 'locked 

in' the options for the changes of socio-economic. As 

a result, in the IPCC Fifth Assessment Report, the 

Representative Concentration Pathways (RCPs) has 

been introduced for the purpose of gaining scientific 

advances in understanding the climate system 

featuring new set of emission scenarios  that 

integrate the latest information on recent historical 

emissions, climate change impacts, vulnerability, 

mitigation and adaptation (IPCC, 2013). Under RCP 

scenarios, the present study is presenting the 

projection of future surface temperature and total 

precipitation over Malaysia simulated by the WRF 

model.  

 

Methodology: 

 In this study, two-way nesting was used by WRF 

model, with version 3.5.1 (Skamarock et al., 2008), 

where the simulations were carried out in two nested 

horizontal domain. The first domain (domain 1) 

covered the Southeast Asia region, with 45km 

resolution (124×106 grid points), while the second 

domain (domain 2) was the Malaysia region, consists 

of Peninsula Malaysia and East Malaysia, which 

spaced at 15km (172×76 grid points) (Figure 1). The 

analysis was concentrated on second domain. 

Meanwhile, 30 vertical levels, with the top reaching 

10 millibars were used in the model. The spatial 

resolution of the data was 1°×1°, and the temporal 

resolution was 6 hours of time-step, with the 

sequence of 00, 06, 12, 18 UTC. 

 The simulation of surface temperature was 

generated using Bias-corrected Community Earth 

System Model (CESM) version 1 as initial and 

boundary conditions(Gent et al., 2011; Hurrell et al., 

2013). CESM is the coupled global climate model 

that constructed by four component models such as 

atmosphere, land use, sea-ice and ocean. In the 

support of Coupled Model Intercomparison 

Experiment Phase 5 (Taylor et al. 2012) and the 

Intergovernmental on Climate Change (IPCC 2013) 

Fifth Assessment Report, the CESM simulations 

were utilized to produce present-day dataset. 

According to Knutti et al. (2013), CESM dataset has 

high ability in simulating observed temperature and 

rainfall globally. Moreover, it contains a historical 

simulation and three future projections.  

 The future simulation are the Representative 

Concentration Pathways (RCPs): RCP4.5, RCP6.0 

and RCP8.5 (Moss et al., 2010), with the time slice 

2006– 2100. In this study, we focus our 

investigations on RCP4.5 and RCP8.5. The future 

scenario of RCP4.5 is a low-to-moderate emission 

scenario, where the greenhouse gas (GHG) 

radioactive forcing will reach 4.5 Wm-
2
 at the year 

2100. Moreover, it represents a scenario where 

variety of adaptive policy has applied to limit the 

radioactive forcing (Thomson et al., 2011). 

Meanwhile, RCP8.5 indicates a high emissions 

scenario with GHG radioactive forcing will reach 8.5 

Wm
-2

near year 2100. It shows that little has been to 

control or limit the GHG emissions (Riahi et al., 

2011). 

 Two sets of simulation were performed: one is 

the baseline period (2010) and another one is the 

future-day period (2100). The time slice for the 

present-day simulation is selected between 0000 

UTC 1 January 2010 and ended at 0000 UTC 1 

February 2010, which denoted as winter or Northeast 

monsoon. Moreover, simulations of summer or 

Southwest monsoon were run from 0000 UTC 1 July 

2010 and ended at 0000 UTC 1 August 2010. The 

initial and boundary conditions for WRF simulation 

were run for 5-day with the first day discarded as 

model spin-up.  

 The physics schemes of physics components that 

included within the WRF are the Kain-Fritsch 

scheme for cumulus parameterization (Kain, 2014); 

Yonsei University (YSU) scheme for PBL 

parameterization; Rapid Radiation Transfer Model 

(RRTM) for Long wave Physics Radiation (Hong 

and Pan, 1996); WRF single-momentum 6-class 

scheme (WSM6) for microphysics 

parameterization(Hong, Dudhia and Chen, 2004); 

Dudhia short-wave radiation scheme for Short wave 

Physics Radiation (Dudhia, 1989) and Noah Land 

Surface Model (LSM) that has been set as four layers 

of soil and one canopy layer (Chen and 

Dudhia,2001).  
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 The Climate Research Unit Climatology (CRU) 

was used as observational datasets in this study 

(Hulme et al., 1995). CRU dataset was an 

observation data that constructed from Climate 

Research Unit (CRU) at University of East Anglia. 

CRU dataset was a gridded data set that developed 

with high resolution (0.5°×0.5°). The observation 

data contained a full set of monthly-mean surface 

climate and only covers land areas (New et al., 2002; 

Mitchell and Jones, 2005). 

 

 
 

Fig. 1: The study domain (height) with two nested, domain 1 and domain 2. 

 

RESULT AND DISCUSSION 

 

Model Evaluation: 

 The performance of WRF in simulating mean 

surface temperature and total precipitation for 

RCP8.5 and RCP4.5 were constructed by comparing 

with CRU observation dataset. Model evaluation was 

carried out for the month of January and July at the 

year of 2010. In January, the model underestimated 

the CRU observation dataset, with cold bias of -2°C 

under RCP8.5, but had a slightly lower bias under 

RCP4.5 by around -1.1°C (Table 1). Meanwhile, the 

cold bias in July was observed to be lower under 

RCP8.5 as compared in January, but remained 

constant under RCP4.5. Overall, the WRF regional 

climate modelling system was found to perform well 

in simulating surface temperature, where it produced 

the values of FB and NMSE that nearly 0. In 

addition, the model managed to produce a good value 

of Fa2, which were above 0.92 for both periods. 

 Figure 2 shows the spatial distribution of mean 

surface temperature at 2 metre over the whole 

Malaysia region based on RCP8.4, RCP4.5 and CRU 

observation dataset. The modelled mean surface 

temperature was higher over west coastal and 

southern parts of Malaysian Peninsular, and coastal 

area of East Malaysia. However, the results 

underestimated the CRU observation data by 

producing a slightly lower value of mean surface 

temperature especially during January. In July, the 

simulated averaged surface temperature was 

observed to be similar with CRU except the interior 

part of the domain. The observation is similar to the 

modelling result by Kong and Sentian (2015). This is 

probably due to the model’s inefficiency in 

simulating high elevated or mountainous area.   

 In general, the model overestimated the mean 

total precipitation over Malaysia region during 

January, especially under the RCP4.5 scenario with 

large value of bias around 121.1% (Table 2). 

Meanwhile, the modelled values were 

underestimated in comparing with CRU observation 

dataset in July. Again, the model under RCP4.5 

scenario (-33.3%) produced a larger value of bias as 

compared to RCP8.5 scenario (-8.6%). Overall, the 

model did not perform well in projecting total 

precipitation except during July under the RCP8.5 

scenario. 

 The spatial distribution of total precipitation 

across Malaysia based on RCP8.5, RCP4.5 and CRU 

observation dataset was shown in Figure 3. Under the 

RCP8.5 scenario, the modelled total precipitation 

showed overestimation over interior and coastal parts 

of northern Malaysian Borneo as compared to CRU 

observation dataset during January. In the same 

month, high amount of precipitation was found over 

central and eastern part of Malaysian Peninsula under 

RCP4.5. Meanwhile, the simulated total 

precipitations for most of the domain were slightly 

underestimated as relative to CRU dataset in July. 

Similar to Kong and Sentian’s (2015) study, the 

modelled total precipitation has shown great 

uncertain.    

 
Table 1: Comparison of surface temperature in January (Jan) and July (Jul) under RCP8.5 and RCP4.5 as relative to observed (CRU) for 
       bias, fractional bias (FB), normalised mean square error (NMSE) and factor of two (FA2). 

Surface Temperature 
Period 

RCP85-Jan RCP45-Jan RCP85-Jul RCP45-Jul 

Model(°C) 23.9 24.8 24.6 25 

CRU(°C) 25.9 25.9 26.1 26.1 

Bias(°C) -2 -1.1 -1.5 -1.1 

Bias(%) -7.7 -4.2 -5.7 -4.2 

FB -0.08 -0.043 -0.059 -0.043 

NMSE -0.0064 -0.0034 -0.0047 -0.0033 

Fa2 0.92 0.96 0.94 0.96 
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Table 2: Comparison of total precipitation in January (Jan) and July (Jul) under RCP8.5 and RCP4.5 as relative to observed (CRU) for bias, 

       fractional bias (FB), normalised mean square error (NMSE) and factor of two (FA2). 

Total Precipitation 
Period 

RCP85-Jan RCP45-Jan RCP85-Jul RCP45-Jul 

Model(mm/day) 6.8 9.7 7.4 5.4 

CRU(mm/day) 4.4 4.4 8.1 8.1 

Bias(mm/day) 2.4 5.4 -0.7 -2.7 

Bias(%) 54.5 121.1 -8.64 -33.3 

FB 0.42 0.75 -0.090 -0.4 

NMSE -0.088 0.25 0.10 -0.12 

Fa2 1.54 2.21 0.91 0.67 

 

 
 

Fig. 2: Mean surface temperature (°C) for (a)-(c) Winter-January and (d)-(f) Summer-July under RCP8.5 (left), 

      RCP4.5 (centre) and CRU observation dataset (right). 

   

 
 

Fig. 3: Total precipitation (mm/day) for (a)-(c) Winter-January and (d)-(f) Summer-July under RCP8.5 (left), 

       RCP4.5 (centre) and CRU observation dataset (right). 

 

Future Projection of Surface Temperature: 

 This section is intended to simulate the mean 

surface temperature at 2-m for the year of 2010 as 

baseline period and year 2100 as future period. In the 

RCP8.5 scenario, the projected future mean surface 

temperature were 28.1°C during winter monsoon and 

29.8°C during summer monsoon (Figure 

4b,4e)(Table 3). An average surface warming over 

Malaysia region of about 3.0°C in January and 3.1°C 

in July were observed under RCP8.5 scenario, as 

relative to baseline period (Figure 4c,4f). Warming 

occurs over nearly entire the study domain, which 

mainly due to the increase of greenhouse gases. In 

January, high increment of mean temperature with 

more than 3.5°C was observed across the western 

part of Malaysian Peninsula, southern and interior 

parts of Malaysian Borneo. Meanwhile, such high 

value of temperature was found over northern part of 

Malaysian Peninsula, and coastal area of northern 

East Malaysia during July. In RCP4.5 scenario, the 

mean surface temperature were found to reach 

26.9°C and 27.8°C during winter and summer 

seasons respectively at the end of this century 

(Figure 5b,5e). The future projection of mean surface 

temperature warming relative to baseline period was 

lower under the RCP4.5 scenario as compared to 

RCP8.5, with response to its weaker emission. The 

warming was smaller of around 0.56°C during 

January and 0.74°C during July (Figure 5c,45).  

 Warming in Malaysia as shown in the present 

study under RCP8.5 is similar with the projected 

warming for the whole Southeast Asia region under 

the A2 scenario (Sentian and Kong, 2013), but 

relatively lower than India sub-region (Kumar et al., 

2006) during both winter and summer seasons. The 

increment of future mean surface temperature is 

comparable with projected change in Thailand 

(Chotamonsak et al., 2011). In winter season, the 

change of mean surface temperature showed in the 

present study was higher than the results mentioned 
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by Kong and Sentian (2015), but lower in summer 

season under high emission scenario. In addition, the 

mean projection surface temperature was a lot lower 

in the present study compared to Kong and Sentian 

(2015), due to weaker emission of RCP4.5 than the 

B2 scenario.   

 
Table 3: Then mean baseline period and changes in surface temperature and precipitation under the RCP8.5 and RCP4.5 emission scenarios 

       as relative to baseline period. 

Variables 

Temperature (°C) Changes (°C) 

RCP8.5 RCP4.5 
RCP8.5-Baseline RCP4.5-Baseline 

Baseline Future Baseline Future 

January 25.1 28.1 26.3 26.9 2.95 0.56 

July 26.7 29.8 27.1 27.8 3.07 0.74 

Variables 

Precipitation (mm/day) Changes (mm/day) 

RCP8.5 RCP4.5 
RCP8.5-Baseline RCP4.5-Baseline 

Baseline Future Baseline Future 

January 5.3 7.7 10.7 7.6 2.4 -3.1 

July 9.3 14.7 8.2 11.0 5.4 2.8 

 

 
 

Fig. 4: Mean surface temperature (°C) for (a)-(c) Winter-January and (d)-(f) Summer-July under Baseline (left), 

      RCP8.5 (centre) and Changes between RCP8.5 and Baseline (right). 

 

 
 

Fig. 5: Mean surface temperature (°C) for (a)-(c) Winter-January and (d)-(f) Summer-July under Baseline (left), 

      RCP4.5 (centre) and Changes between RCP4.5 and Baseline (right). 

 

Future Projection of Total Precipitation: 

 Under RCP8.5 scenario, the average total 

precipitation was 7.7mm/day during the winter 

season (January) and 14.8mm/day during the summer 

season (July) (Fig. 6b,6e)(Table 3). Relative to 

present-day period, the mean total precipitation were 

increased by 2.4mm/day (45.2%) during January and 

5.4mm/day (58.1%) during July (Fig. 6c,6f). In 

January, it was observed that most of the land areas 

of the Malaysia domain receiving less precipitation 

especially the northern and central parts of Malaysia 

Borneo, with decrement more than 10mm/day. While 

in July, large increment of precipitation was found 

over northern part of Malaysian Peninsula and 

interior part of Malaysian Borneo. The mean total 

precipitation over Malaysia domain under RCP4.5 

scenario were 7.6mm/day during January and 

11mm/day during July (Fig. 7b,7e). Precipitation 

decreased in winter season by 3.1 mm/day (29%) but 

increased by 2.8mm/day (34.1%) during summer 

season (Fig. 7c,7f). 

 Our result indicates high variability of total 

precipitation over Malaysian domain which could 

probably due to ENSO phenomenon and distribution 

and number of tropical cyclone (Chotamonsak et al., 

2011). Moreover, the involvement of more 

complicated mechanism (Jiang and Yang, 2012) such 

as the influence of the Asian Monsoon circulation, 

particularly in insular regions such as Southeast Asia 

might be one of the main contributors. The 

characteristic of total precipitation that behaves with 

high variability has been discussed in detail by 
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Kumar et al. (2006), Almazroui (2012), Bartholy et 

al. ( 2011), Jiang and Yang (2012), Nuñez et al. 

(2008) and Kong and Sentian (2015).  

 

 
 

Fig. 6: Total precipitation (mm/day) for (a)-(c) Winter-January and (d)-(f) Summer-July under Baseline (left),  

      RCP8.5 (centre) and Changes between RCP8.5 and Baseline (right). 

 

 
 

Fig. 7: Total precipitation (mm/day) for (a)-(c) Winter-January and (d)-(f) Summer-July under Baseline (left), 

       RCP4.5 (centre) and Changes between RCP4.5 and Baseline (right). 

 

Comparison between Sub-regions: 

 In this section, we focus our research on 

comparison analysis between the two Malaysian sub-

regions which are separated by the South China Sea, 

namely the Malaysian Peninsula and Malaysia 

Borneo. Fig. 8 shows the changes of seasonal mean 

surface temperature and total precipitation for 

RCP8.5 scenarios. Comparatively, the Malaysian 

Peninsula sub-region is projected to have larger 

increase in winter monsoon mean surface 

temperature, while the Malaysian Borneo 

experiences larger changes during summer monsoon 

under RCP8.5 scenario. Similar observation was 

found in Kong and Sentian (2015). For total 

precipitation, Malaysian Peninsula sub-region is 

projected to experience dry climate, but a slightly 

increase of rainfall was observed over Malaysian 

Borneo during winter season. The situation is 

different in summer, where high amount of 

precipitation was found over Malaysian Peninsula 

than in Malaysian Borneo. The difference of 

projection between the two sub-regions probably due 

to the distinctive maritime condition, geographical 

location, landcover, orograpy, and the regional 

atmospheric circulation that affected by the Asian 

Monsoon. 
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Fig. 8: Projected changes of mean surface temperature (left) and total precipitation (right) over Malaysian    

      Peninsula and Malaysian Borneo under the RCP8.5 scenario. 
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Conclusion: 

 The high resolution of WRF regional climate 

model was used as a downscaling tool to simulate 

future mean surface temperature and total 

precipitation based on the RCP8.5 and RCP4.5 from 

IPCC Firth Assessment Report. Generally, the WRF 

model was found to perform well in simulating mean 

surface temperature, but a slight underestimation 

(less than -2°C) was distributed over coastal, interior 

and mountainous areas. However, the model shows 

poor skill in simulating total precipitation. The future 

projection of averaged surface temperature over 

Malaysia region was increased of about 3.0°C in 

January and 3.1°C under RCP8.5 scenario, as relative 

to the baseline period. In RCP4.5 scenario, the 

increment of mean surface temperature was lower 

compared to RCP8.5, around 0.56°C and 0.74°C 

during winter and summer seasons respectively. 

Malaysia domain was observed to experience more 

rainfall, with an increment around 2.4mm/day and 

5.4mm/day during winter and summer seasons 

respectively in RCP8.5 scenario. Under the RCP4.5 

scenario, the changes of total precipitation decreased 

by 3.1mm/day in January but increased about 

2.8mm/day in July. The present study is crucial for 

further investigation of climate change impact, risk 

and vulnerability assessment. Indeed, the findings 

can be applied by policy makers for national 

mitigation and adaptation policies related to climate 

change.   
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Nuñez, M.N., S.A. Solman and M.F. Cabré, 

2008. Regional climate change experiments over 

southern South America. II: Climate change 

scenarios in the late twenty-first century. Clim Dyn. 

DOI 10.1007/s00382-008-0449-8. 

Pyle, J.A., N.J. Warwick, N.R.P. Harris, Mohd 

Radzi Abas, A.T. Archibald, M.J. Ashfold, K. 

Ashworth, M.P. Barkley, G.D. Carver, K. Chance, 

J.R. Dorsey, D. Fowler, S. Gonzi, B. Gostlow, C.N. 

Hewitt, T.P. Kurosu, J.D. Lee, S.B. Langford, G. 

Mills, S. Moller, A.R. MacKenzie, A.J. Manning, P. 

Misztal, Mohd Shahrul Mohd Nadzir, E. Nemitz, 

H.M. Newton, L.M. O'Brien, Simon Ong, D. Oram, 

P.I. Palmer, Leong Kok Peng, Siew Moi Phang, R. 

Pike, T.A.M. Pugh, Noorsaadah Abdul Rahman, 

A.D. Robinson, Sentian, J. Azizan Abu Samah, 

Skiba, U. Huan Eng Ung, Sei Eng Yong and P.J. 

Young, 2011. The impact of local surface changes in 

Borneo on atmospheric composition at wider spatial 

scales: coastal processes, land-use change and air 

quality. Phil. Trans. R. Soc. B, 366: 3210-3224. doi: 

10.1098/rstb.2011.0060 

Riahi, K., S. Rao, V. Krey, C. Cho, V. Chirkov, 

G. Fischer, G. Kindermann and N. Nakicenovic, 

2011. RCP8.5-A scenario of comparatively high 

greenhouse gas emissions. Climatic Change, 109: 

33–57. 

Sentian, J., R.A. MacKenzie and C.N. Hewitt, 

2011. The regional biogenic emissions response to 

climate change and ambient CO2 in Southeast Asia. 

The International Journal of Climate Change: 

Impacts and responses, 2(3): 125-143. 

Sentian, J. and S.S.K. Kong, 2013. High 

Resolution Climate Change Projection under SRES 

A2 Scenario during Summer and Winter Monsoons 

over Southeast Asia using PRECIS Regional Climate 

Modeling System", Published by The SIJ 

Transactions on Computer Science Engineering & its 

Applications (CSEA), The Standard International 

Journals (The SIJ), 1(4): 163-173. 

Skamarock, W., J.B. Klemp, J. Dudhia, D.O. 

Gill, D. Barker and M.G. Duda, X.Y. Huang and W. 

Wang, 2008. A Description of the Advanced 

Research WRF Version 3. NCAR Technical Note 

NCAR/TN-475+STR, doi:10.5065/D68S4MVH. 

Skiba, U.M., S.K. Jones, U. Dragosits, J. 

Drewer, D. Fowler, R.M. Rees, V.A. Pappa, L.M. 

Cardenas, D.R. Chadwick, A.J.Manning, 2012. UK 

emissions of the greenhouse gas nitrous oxide. Phil. 

Trans. Royal Soc. B: Biol. Sci., 367(1593), pp.1175–

1185. 

Taylor K.E., R.J. Stouffer and G.A. Meehl, 

2012. An  Overview of CMIP5 and the Experiment 

Design. Bull.  Amer. Meteorol. Soc., 93: 485–498 

doi:10.1175/BAMS-D-11-00094.1. 

The World Bank Group, 2011. Vulnerability, 

risk reduction and adaptation to climate change in 

Cambodia. Washington DC. 

Thomson, A.M., K.V. Calvin, S.J. Smith, G.P. 

Kyle, A. Volke, P. Patel, S. Delgado-Arias, B. Bond-

Lamberty, M.A. Wise, L.E. Clarke and J.A. 

Edmonds, 2011. RCP4.5: a pathway for stabilization 

of radiative forcing by 2100. Climatic Change, 109: 

77-94 

Ueda, H., A. Iwai, K. Kuwako and M.E. Hori, 

2006. Impact of anthropogenic forcing on the Asian 

summer monsoon as simulated by eight GCMs. 

Geophy. Res. Lett., 33, doi: 10.1029/2005GL025336. 

issn: 0094-8276.  


