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Abstract 
Climate change has an adverse impact on Malaysia, especially because the economics of the region rely on 

agriculture and natural resource development and extraction. The aim of this paper is to evaluate model 

performance and project future climate scenarios for Malaysia based on the A2 and B2 emission scenarios of the 

IPCC. Boundary conditions were obtained from the global atmospheric model HadAM3H using the 

PRECIS-RCM as a downscaling tool. For the present-day climate, an evaluation test between downscaled model 

with observation and reanalysis data indicates that the model simulate the surface temperature well, by producing a 

slightly cold bias. Meanwhile, the precipitation did not perform as well as temperature especially in DJF. In the 

future period 2071-2100, the Malaysian domain is expected to experience a warming with the increase of surface 

temperature by 3.1°C and 2.2°C for the A2 and B2 scenarios respectively. Such changes are statistically significant 

at 95% confidence level for both scenarios over the whole domain of investigation. Moreover, the seasonal 

temperature in JJA was larger than DJF. The changing trends for precipitation are highly varied under the both 

scenarios. The mean annual precipitation decreased by about 11% and 13% for both scenarios, with respect to the 

present climate. In addition, there is a tendency for Malaysia country to be drier in the future. The dry precipitation 

in Malaysia during DJF was clearly higher than JJA. We performed a comparison analysis for Malaysia, with the 

focus on Malaysian Peninsula and Malaysian Borneo. In Malaysian Peninsula, the temperature is projected to have 

larger increases in surface temperature compared to Malaysian Borneo. For precipitation, Malaysian Borneo is 

projected to become drier than Peninsula Malaysia. However, the changing pattern is different in JJA, with 

response to the geographical location and atmospheric circulation. Study results suggest that a significant change 

in climate variability may potentially increase the climate-related risks. 
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I.  Introduction 

Global Climate Models (GCMs) with global coverage are typically the primary tools of climate studies. 

The current resolutions of GCMs of 200–500 km are capable of simulating the global climate of the 

recent past reasonably well. However, due to their low resolutions, model results produce apparent errors 

of as much as 5
o
C in temperature, and –40% to +60% in precipitation for regional climates [1][2][3]. To 

provide a more realistic response of regional climate changes to radiative forcing, particularly in regions 

with complex orography, coastline, and land-use patterns, higher resolution regional climate models 

(RCMs) should be considered [1][4].  

 An RCM is a higher-resolution model covering a more limited area of the globe. RCMs are a 

comprehensive physical model, with components of the climate systems of both atmosphere and land 

surface, and also depict important processes within a climate system. The physical processes which occur 

on a much smaller spatial scale than the GCM model grid are taken into account in RCMs using 

parameterisation, in which a process is represented by the relationships between the area or 

time-averaged effect of such sub-grid scale processes and the large scale flow [5]. In this manner, RCMs 

are able to produce high-resolution simulations which are consistent with the large-scale simulations 

from the GCM of the region of interest. RCMs are thus necessary in the investigation of regional climate 

change for a number of reasons [5]. These models simulate the current climate more realistically, 
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particularly in mountainous areas and areas closer to the coastline, on a scale of 100 km or less. They also 

represent smaller islands in climate change simulations, and thus resolve the difference in thermal inertia 

between land and ocean in a better way. Another interesting feature of RCMs is their capability to 

simulate extreme changes of weather, such as heavy rainfall events. RCMs may also provide indications 

of mesoscale weather features such as cyclones and hurricanes, which are absent in a driving GCM. 

 RCMs maybe nested into a GCM in either a one-way or two-way mode; however, to date the usual 

nested regional climate modelling technique uses initial conditions, time-dependent lateral 

meteorological conditions, and surface boundary conditions, to drive RCM in a one-way mode.[6] The 

one-way nesting technique does not allow any feedback from the RCM simulation to the driving GCM. 

Theoretically, the one-way nesting technique can pose a limitation: effects of systematic errors in the 

driving fields provided by GCMs. In addition, the lack of interaction between RCM and GCM means that 

only the feedback effects from coarse scales to fine scales are obtained; however, in the real atmosphere, 

feedback occurs from different regions and interact[7]. Despite the setbacks in terms of dependency on 

input from the GCM driving model, lack of two-way nesting with its driving model, as well as its 

computational cost, RCMs are still developing rapidly and are used widely in climate change 

investigations as they are capable of providing higher spatial and temporal resolution information for a 

number of climatic variables while still providing better representation than GCMs for some weather 

extremes. 

 Southeast Asia (SEA) region is one of the most populated areas in the world with rapid urbanisation 

and industrialisation, and expansion of agricultural activities, but is still covered largely by tropical 

forest. Rapid changes to the general land cover of the region, coupled with an increase in anthropogenic 

emissions and naturally high levels of biogenic emissions, have been important issues in recent years. 

Linking with these, another critically important issue is the climate change impact. SEA has been 

designated as one of the most vulnerable regions; addressing the climate change issue in this region is 

relatively new and investigations related to climate impacts, particularly high-resolution, are scarce or 

even unavailable. Some of the available investigations on climate changes in this region or in some parts 

of it using a GCM or a higher-resolution RCM are described briefly in the following paragraphs. 

 Using nine coupled atmosphere-ocean GCMs (AOGCMs) over SEA [7], the region was projected to 

be warmer at the end of this century, with surface temperatures increasing between 2.2°C and 2.8°C. 

Meanwhile, changes of total precipitation were between –2.4% and 6%. The region was also found to 

experience higher precipitation (up to a 50% increase) towards the end of the century. In Cambodian 

region [8], utilising the downscaling technique, the projected mean annual temperature was also found to 

increase in the range 0.7–2.7°C by the middle of the century and 1.4–4.3°C by the end of the century. 

Precipitation in the region was projected to increase during the monsoon seasons, with some variability. 

Another climate change study, using a weather research forecast (WRF) RCM over SEA for time slices 

1990–1999 (baseline) and 2045-2055 (future) had projected the surface temperature to increase between 

0.1°C and 3°C. Meanwhile, high variability in precipitation was observed, although on average it showed 

an increasing trend. 

Besides surface temperature and precipitation, solar radiation and cloud fraction play important roles in 

the issues of climate change. In the IS92a scenario, the total cloud fraction in SEA region decreased by 

10% compared to the present-day trend [9]. Reduction of cloudiness was shown to be correlated with a 

significant decrement of precipitation [10]. Thick cloud cover, soil moisture content, and evaporation 

were also associated with the reduction in precipitation [11].  

Another study using the PRECIS-RCM over SEA has observed that the surface temperature under the A2 

scenario were increased by 3°C during December-January-February (DJF) and by 3.1°C during 

June-July-August (JJA) as relative to the baseline scenario.[12] In the B2 scenario, the mean surface 

temperatures were 2.6°C during DJF and 2.1°C during JJA. Increases in surface temperature were found 
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to correspond with the increase of solar radiation in the region. At the end of the 21
st
 century, the 

projected solar radiations for the A2 scenario were found to increase by 5.6w/ during DJF and by 

4.6w/ during JJA. For the B2 scenario, the increments were slightly lower – about 3.1w/m
2
 during DJF 

and 3.8w/ during JJA.  

 From the same study [12], the mean precipitation in the A2 scenario was observed to decrease by 0.4 

mm/day during DJF and increase by about 0.2 mm/day during JJA. Meanwhile, in the B2 scenario, the 

decrease in precipitation was of the same magnitude as that in the A2 scenario during DJF, but the 

increase was slightly lower (of about 0.1mm/day) during JJA. Cloud fractions, as an important function 

of precipitation, were also observed to decrease by about 0.07 and 0.04 during DJF and JJA, respectively, 

in the A2 scenario. In the B2 scenario, the total cloud fractions were decreased in both seasons, 0.04 in 

DJF and by 0.05 in JJA. 

The PRECIS-RCM, which was developed by the Hadley Centre with a resolution of 25 km × 25 km, is 

one of the many available RCMs that are capable of producing a high- resolution climate model with 

reasonable computational requirements [5] and has been used in a number of climate change impact 

studies in South Asia [13][14][15][16][17], East Asia [18][19], West Asia [20], Europe [21][22][23], 

Africa [11], and North and South America. [24][25]This model has also been used in this study to 

investigate climate changes within Malaysia, a sub-region of SEA. This study is primarily motivated by 

the scientific question of what spatial patterns of climate changes are predicted by a state-of-the-art RCM 

over a smaller region such as Malaysia, with the main objective of projecting and assessing climate 

changes in terms of surface temperature and precipitation. In the second section, we discuss the model 

used in this study and its experiment setup. In the third section, we investigate the present-day 

climatology and the model performance for the base period 1961-1990. In the fourth section, we present 

future climate changes expected for the period 2071-2100, with respect to the present-day period. Finally, 

conclusions are provided in the fifth section. 

 

II. DATA AND METHODS 

A. Model descriptions 

PRECIS is a nested RCM which utilises output from GCM simulation. It provided the boundary 

conditions and also the time-dependent lateral boundary condition (LBC). The model was developed in a 

one way nesting mode to ensure that RCM outputs are consistent with GCM outputs [26]. The model is 

the latest version of Hadley Centre model, based on the atmospheric component of HadCM3 coupled 

AOGCM [26]. Several components, such as atmospheric dynamics, physical parameterisations and 

sulphur cycles, have been included [5][12]. It is an atmospheric and land surface model with a horizontal 

resolution of 0.44° × 0.44° (50 × 50k ) or 0.22° × 0.22° (25 × 25 k ) on its own rotated 

latitude-longitude grid and a timestep of 5 minutes. The higher resolution global model (HadAM3H) with 

two time slices, namely 1961–1990 and 2071–2100, were selected from HadCM3. The HadAM3H is an 

atmospheric-only GCM with a resolution of 1.24
o
latitude × 1.88

o
 longitude (~150 × 150 km

2
) and a 

timestep of 15 minutes. Both GCM (HadAM3P) and PRECIS (HadRM3P) have 19 layers in the 

atmosphere, starting from the surface to 30km in the stratosphere, and four levels in the soil [11].  

B. Experimental design and Climatological Simulation Scenarios 

For the present study, the model has been configured for a domain extending from 98°E to 120°E and 

0°N to 8°N in the Malaysia region(Fig.1) with a horizontal resolution of 0.44
o
 x 0.44

o
. The selected 

domain is large enough the that the regional model can develop its own regional-scale circulations 

features with minimal contamination by the application of the boundary conditions, and small enough 

that the climate of the RCM deviates significantly from the GCM and that a simulation can be completed 

in a reasonable amount of time. In this study, emission scenarios developed by IPCC [4] were used. The 

climate of the recent past, assumed to belong to the present-day climate, is used as a climatological 

South China Sea 
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baseline or control. The baseline period of 30 years, from 1961 to 1990 as defined by the World 

Meteorological Organisation (WMO) as the normal period and fulfils the criteria set by the IPCC (1994) 

has been used as the climatological baseline. For the future climate scenarios, the time slice between 

2070 and 2100 for the SRES A2 and B2 scenarios were set. SRES A2 has been denoted as a 

medium–high emission of CO2and a high population-growth scenario, while SRES B2 has been denoted 

as lower-emission scenario with reduced population growth [27]. 

 
 

Fig. 1. The domain study of Malaysia region 

 

C. Evaluation and Assessment of RCM 
Any regional climate model to be used for climate change studies should be capable of reproducing the 

present-day climate of the region of interest; model errors should also be identifiable [28]. Since signals 

of a GCM and an RCM are often different, either at the regional or sub-regional scale, RCM simulations 

should be validated and performance of the simulation is verified to ensure that the model errors are 

identified, quantified and understood as these can help in the interpretation of the climate change 

simulations. In this study, the validation of the has been carried out by statistically comparing the output 

data from the PRECIS-RCM driven by GCM and Climate Research Unit dataset (CRUDAT) and the 

European Centre for Medium Range Weather Forecasts (ECMWF) re-analysis (ERA40).A number of 

statistical measures were used to evaluate the climate model results [29][30]. 

The CRU dataset is an observation data that construct from Climate Research Unit (CRU) at University 

of East Anglia. The latest CRU dataset is a gridded data set that developed with high resolution 

(0.5°×0.5°). The observation data contains a full set of monthly-mean surface climate and only covers 

land areas [31][32]. These observational data observes strict temporal fidelity and incorporates a spatially 

varying dependence on elevation [33][34]. The second dataset used for the evaluation is ERA40. ERA40 

does not fully represent the state of the atmosphere since it is not fully an observed dataset, but may fill in 

gaps in which observations are missing or sparse, such as in Malaysia.  

 

III.   PRESENT-DAY CLIMATOLOGY AND EVALUATION 

Results and discussion of this study are presented in two sections. The first section presents the 

evaluation and assessment of the RCM performance by comparing the results with CRUDAT and 
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ERA40. The second section describes the investigation analysis on climate change for surface 

temperature and total precipitation based on the A2 and B2 transient climate scenarios. The climate 

changes for each scenario were analysed during winter monsoon (Dec-Jan-Feb or denoted as DJF), 

summer monsoon (Jun-Jul-Aug or denoted as JJA) and two intermediate monsoons (Mar–Apr–May and 

Sept-Oct-Nov; which were or denoted as MAM and SON respectively). However, in terms of detailed 

discussion, this paper only highlights the climate changes during DJF (winter monsoon) and JJA 

(summer monsoon), both of which coincidence with the regional northeast monsoon and southwest 

monsoon [12]. For completeness, the results of the intermediate periods (MAM and SON) are also shown 

in all tables and figures in this paper, but will not be discussed in detail. 

Across the simulated region for the 30 years period from 1961 to 1990, the average surface temperatures 

were relatively higher in the southern region of Peninsular Malaysia and most of the coastal areas in all 

seasons (Fig. 2). The observations were comparable with the CRU datasets for the same period. Analysis 

on the bias between the modelled RCM and the observed CRUDAT, notable differences were observed 

mostly on coastal areas, highlands and inner parts of the landmass (see Fig. 2, right panel). In general, the 

simulations agree well with the CRU observed data across the domain for all seasons, where the warmest 

bias of 2- 3°C were observed in the highland and coastal areas of the Malaysian Peninsula. Warming bias 

was particularly notable during the southeast monsoon (DJF). Meanwhile the cold bias of -1°C to -3°C 

were observed in the northern part of the Malaysian Peninsula and the eastern part of the Malaysian 

Borneo, particularly during DJF, MAM and SON. The seasonal variation and spatial distribution of the 

average simulated surface temperatures by PRECIS-RCM were comparable to the ERA-40 dataset 

(figure not shown). The difference between PRECIS-RCM and ERA40-reanalysis data was varied 

between -1°C and 1°C over the Malaysian domain for all seasons. Somehow, cold bias is observed in 

small area of north Peninsular, which the result is similar with bias of CRU observed data. This might 

probably due to inefficient of the model in simulating island.  

 The comparison of time sequences of the yearly mean surface temperatures over the period between 

1961 and 1990 for the simulated PRECIS-RCM, CRUDAT and ERA40 is shown in Fig. 3. In comparison 

with the observed value from CRU dataset, the modelled value was underestimated the surface 

temperature over the land area between 0.58
o
C and 1.36

o
C. Similarly, the modelled value was also 

underestimated in comparison with ERA40 but at smaller magnitude of between -0.31 and 0.14°C. The 

increase in temperature is proven to be at rate of 0.11°C and 0.18°C per decade for the RCM and CRU 

observed data respectively.  

 Further evaluation and assessment in term of calculated fractional bias (FB), normalized mean square 

error (NMSE) and factor of two (Fa2) for the mean surface temperatures is shown in Table 1. Results 

showed that the simulated values were observed to perform well, with the FB and NMSE values being 

near to zero for all seasons. In terms of Fa2 values, the result showed that the simulated value can perform 

well by more than 0.96. The good performance of model in term of average surface temperature 

simulation is more pronounced when the errors produced by the model are below 5.2% as relative to 

CRU dataset (Fig.4). Meanwhile, the performance of the PRECIS-RCM in comparison with the ERA40 

was much better as indicated by the nearly zero. 

Model performance in simulating total precipitation was also evaluated and assessed by comparing the 

values from the CRU dataset. Modelled low precipitation was observed in the northern part of the 

Malaysian Peninsula particularly during winter monsoon (DJF) and relatively moderate in most part of 

the region for all seasons (Fig. 5). In comparison with CRU datasets, lower precipitation was also 

observed in the same sub-region but at lower magnitude. The simulated total precipitations for the whole 

domain for all seasons were largely underestimated. It was also observed that both dry and wet biases 

were found to show similar trend patterns for the whole domain in all seasons. The driest biases exceed -6 

mm/day during winter season (DJF) were observed in central and eastern part of the Malaysian 
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Peninsula, and southern part of East Malaysia. Meanwhile the wettest biases with more than 1mm/day 

were distributed in mostly in the central part of the Malaysian Peninsula and some interior and highland 

areas of Malaysian Borneo during MAM, JJA, and SON. The large biases between the modelled and 

observed CRU datasets were particularly significant in the interior region and relatively higher altitude. 

The observation is similar to the modelling of by [35][36] and [37], in which the wet biases were 

generally larger over higher-elevated regions. These discrepancies are probably due to the poor 

representative of the convective parameterization and hydrological cycle as highlighted by [38] and [39]. 

The performances of the PRECIS-RCM in simulating the total precipitation were also evaluated against 

ERA40 reanalysis dataset. For the whole period and in all seasons, the modelled values were 

overestimated in comparison with ERA40.Based on the statistical analyses, a low value of Fa2 of the 

model (0.77) during DJF is indicating a poor skill of the model (Table 1). The high overestimation was 

also evident when the model produced high error as relative to CRU dataset by 29.9% in DJF (Fig.4). On 

the other hand, the model underestimated the ERA40 dataset by producing negative error for all seasons. 

Similar observations were noted in earlier studies in Southeast Asia [40] and [41], as the inter-annual 

variability of total precipitation have shown some large value of biases between the modelled and 

observed datasets (ERA40).  

The interannual variability of mean precipitation throughout the country for the period 1961-1990 is 

displayed in Fig.6. The results suggest that RCM underestimated the precipitation pattern of CRU 

dataset, with dry bias in all years. The model tends to produce lower precipitation than observed data, and 

also some 
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Fig. 2.Seasonal mean surface temperature (°C) for (a) winter-DJF and (b) MAM, (c) summer-JJA and (d) SON in 

PRECIS-RCM simulation (left), observation (CRU, center). Bias (difference between model and observation, right 
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Fig. 3.The time sequences of yearly mean temperature over the period 1961-1990. 
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Fig. 4.Bias (%) for surface temperature and precipitation, comparison between PRECIS RCM with CRU 

and ERA40 

 

Table1: Comparison of surface temperature and precipitation in baseline period as relative to observed 

(CRU) and era40 reanalysis dataset (ERA-40) for fractional bias (FB), normalised mean square error 

(NMSE) and factor of two (FA2) 
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Temperature 

DJF 0.05 0.0004 0.004 0.0004 0.96 1.00 

MAM 0.04 0.0043 0.002 0.0001 0.96 1.00 

JJA 0.02 -0.0023 0.001 0.0001 0.97 1.00 

SON 0.04 0.0002 0.002 0.0001 0.96 1.00 

Precipitation 

DJF 0.26 -0.08 0.01 0.16 0.77 1.08 

MAM 0.08 -0.15 0.03 0.13 0.92 1.16 

JJA -0.07 -0.12 0.05 0.11 1.08 1.13 

SON 0.15 -0.04 0.04 0.08 0.86 1.04 

large value of biases occur between both dataset. The yearly precipitation was underestimated between 

0.30 and 3.06mm/day. Moreover, a decrement rate of 0.07 mm per decade was observed in the CRU 

data, but the model simulation showed an increasing trend of 0.17mm per decade. Similar 

observations were also highlighted in other study in Southeast Asia [40], while the simulated 

precipitation has shown great uncertainty. Meanwhile, precipitation patterns of both RCM and ERA40 

datasets have shown a high variability, though the modelled values were generally overestimated in 

comparison with ERA40. 
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Fig. 5.Seasonal total precipitation (mm/day) for (a) winter-DJF and (b) MAM, (c) summer-JJA and (d) 

SON in PRECIS-RCM simulation (left), observation (CRU, center). Bias (difference between model and 

observation, right) 
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Fig. 6.The time sequences of yearly mean precipitation over the period 1961-1990. 

 

IV.   CLIMATE CHANGES IN MALAYSIA 

A. Temperature 

 The present study has simulated the annual mean results for 1961-1990 as the baseline period and for 

2071-2100 as the future period (Table 2). The simulated annual surface temperature over the domain for 

the baseline, A2 and B2 scenarios were 26.7°C, 29.8°C and 28.8°C.Relative to the baseline scenario, the 

surface temperature over Malaysia is likely to reach 3.1°C and 2.2°C by the end of this century under the 

A2 and B2 scenarios, respectively (Fig. 7). A higher temperature changes were observed over land than 

over sea areas for both scenarios. Meanwhile, higher temperature (more than 4°C) was observed in the 

northern and southern parts of the Malaysian Peninsula. These changes were statistically significant at 

95% confidence level for both scenarios over the whole domain of investigation (figure not shown).  

 In the A2 scenario, the projected future mean surface temperatures were 28.6
o
C during winter monsoon 

(DJF) and 30.4
o
C during summer monsoon (JJA). Relative to the baseline scenario, the A2 scenario over 

Malaysia showed an average surface warming in the region of 2.9
o
C during DJF, and 3.2

o
C during JJA 

(Fig. 8). Surface temperature changes in all seasons were statistically significant at 95% confidence level 

over the whole domain of study. Due to the weaker emissions forcing in the B2 scenario, the surface 

temperature increase relative to baseline was smaller of about 1.9
o
C during DJF and 2.4

o
C during JJA. 

The temperature changes were statistically significant at 95% level in all seasons (figure not shown). 

Comparatively, higher temperature changes were observed over the land than over the sea for both A2 

and B2 scenarios and in all seasons (winter and summer monsoons), being the highest over the southern 

part of the Malaysian Peninsula. The results indicate that the surface temperature increased is smaller in 

B2 simulation than in the A2 simulation due to the weaker emission forcing in the B2 scenario.  
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The mean annual cycle of surface temperatures simulated in both climate scenarios suggest a linear 

response to the emission forcing (Fig. 9). Meanwhile, the decadal trend of future surface temperature in 

the region for both climate scenarios is shown in Fig. 10. The decadal trends indicate a gradually 

increasing trend for the A2 and B2 scenarios during the 2071-2100 time slice with 0.39°C and 0.04°C 

increase per decade respectively. The highest means of surface temperature recorded were 30.6°C (year 

2097) and 29.4°C (year 2093) for the A2 and B2 scenarios respectively. 

The magnitudes of warming in the smaller sub-region such as Malaysia are comparable with the 

projection of surface temperature in the whole region of Southeast Asia [12][41] for A2 scenario during 

winter and summer monsoons but relatively lower than those over India sub-region [17]. However, under 

B2 scenario the magnitude of change was lower during winter monsoon and higher during summer 

monsoon [12]. The general projection that Malaysia region would be experiencing a warming at the end 

of the century, though at different magnitude for different seasons is parallel to the earlier projections in 

some part or the whole region of Southeast Asia using different climate models [7][9][12]. The averages 

surface temperature increment for the A2 and B2 scenarios over Malaysia were in the global best 

estimate range of 1.8 – 4.0°C [1].  

The combined impact of aerosols and greenhouse gases considered in the PRECIS-RCM were found to 

increase the future surface temperature in the region in both climate scenarios. Due to the build-up of 

future greenhouse gases emissions in both A2 and B2 scenarios, it has been identified that it has affected 

the future changes in large-scale atmospheric circulation patterns. Relative to the land, surface 

temperature over the sea were relatively colder in both climate scenarios. Warm air rising over the land 

increases evaporation and plant transpiration more than by the evaporation over the sea that produces 

rainfall. This land-sea thermal gradient could be one of the key drivers of the Asian Monsoon and the 

meso-scale circulations over the region. These meso-circulations are very effective in transporting heat 

and moisture from the sea to the higher levels of the atmosphere and towards over the land. The 

development of the monsoon over the Indian Ocean, where the more usual northeast trade winds are 

replaced by southwesterly (Southeast Monsoon) which bring moist air and prolonged wet seasons 

(increase precipitation) over Malaysia during JJA in both climate scenarios as discussed in the following 

section. 

 

Table 2: Then mean present-day and changes in surface temperature and precipitation under the A2 and 

B2 emission scenarios as relative to baseline period 

 Temperature (°C) Changes (°C) 

Baseline A2 B2 A2-Baseline B2-Baseline 

Annual 26.7 29.7 28.8 3.1(12%) 2.2(8%) 

DJF 25.8 28.6 27.7 2.8(11%) 1.9(7%) 

JJA 27.2 30.4 29.6 3.3(12%) 2.4(9%) 

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

Baseline A2 B2 A2-Baseline B2-Baseline 

Annual 5.23 4.68 4.56 -0.56(11%) -0.67(13%) 

DJF 5.14 3.96 3.86 -1.18(23%) -1.28(25%) 

JJA 5.06 4.65 4.60 -0.41(8%) -0.46(9%) 
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 (a) SRES A2 minus Baseline 

 
Longitude 

(b) SRES B2 minus Baseline 

 
Longitude 

 
  

Fig.7. Projected change annual surface temperature (°C) for the period 1961-1990 relative to 2071-2100 

over Malaysia region under (a) SRES A2 and (b) SRES B2. 

  

 (a) DJF:A2-Baseline 

 
Longitude 

(c) JJA: A2-Baseline 

 
Longitude 

 (b) DJF: B2-Baseline 

 
Longitude 

(d) JJA: B2-Baseline 

 
Longitude 

 
  

Fig.8. Projected changes of surface temperature (°C) during (a-b) winter (DJF: Dec-Jan-Feb) and (c-d) 

summer (JJA: Jun-Jul-Aug) under the A2 and B2 emissions scenarios over Malaysia. 
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Fig. 9.The annual cycle of surface temperature under SRES Baseline, SRES A2 and SRES B2 
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Fig. 10.The time sequences of yearly mean surface temperature over the period 2071-2100. 

 

B. Precipitation 

The mean annual precipitation over the study domain were 5.36, 4.31, 4.56mm/day under the baseline, 

A2 and B2 scenarios respectively (Table 2). High amount of rainfall is observed in east portion of 

Peninsular and interior of Malaysian Borneo (figure not shown). The averages precipitation decreased by 

about 0.56mm/day (11%) and 0.67mm/day (13%) for the A2 and B2 scenarios, with respect to the 

baseline climate (Fig. 11). In both scenarios, amounts of precipitation were decreased in southern and 

eastern part of the Malaysian Peninsula, as well as the northern and eastern part of the Malaysian Borneo. 

The total precipitation reduction was statistically significant at 95% confidence level in most part of the 

Malaysian region. 

The seasonal means for the total precipitation under A2 scenario were 3.96mm/day during winter 

monsoon (DJF) and 4.65mm/day during summer monsoon (JJA) (Table 2). Relative to the baseline 

scenario, the average total precipitation were decreased by 1.18mm/day (23%) during DJF and 

0.41mm/day (8%) during JJA (Fig. 12). Most of the land areas of the Malaysian domain were observed to 

receive less precipitation. Relatively, large decrements were observed over the sea area than over the land 

area during summer monsoon (JJA). The t-test results showed that the total precipitation changes were 

significant at 95% level over Peninsular Malaysia (below 5.5°N) and East Malaysia region during DJF 

(mostly area with more than –1 mm/day). Meanwhile during JJA, the changes were significant over the 

northern part of Peninsular Malaysia (above 4°N), southern part of Peninsular Malaysia and the central 

area of Malaysian Borneo. Under the B2 scenario, the seasonal means for the total precipitation were 

3.9mm/day during DJF and 4.6 mm/day during JJA. Precipitation levels decreased in both seasons, by 

1.28 mm/day (25%) during DJF and 0.46mm/day (9%) during JJA (Fig. 12). During the winter monsoon 

(DJF), the changes of the total precipitation were found to be statistically significant at 95% confidence 

level over the Malaysian Peninsula (below 5.5°N) and the entire region of the Malaysian Borneo (Fig. 

12). Meanwhile, observation during the summer monsoon (JJA), the changes of total precipitation were 

found to be statistically significant at 95% confidence level (between -1 and 2 mm/day) in the southern 

part and above 4
o
N latitude of the Malaysian Peninsula and central part of Malaysian Borneo. 

Assessment on the mean annual cycle of total precipitation in this region shows a significant decrease 

from January to April for both transient climate scenarios, whereas an increase in total precipitation was 

observed between August and October (Fig. 13). However, the shifting of wet season (normally from 

November to February) and dry season (normally Jun to September) was somewhat less obvious. Such 

future trends’ mean precipitation for the period 2071-2100 in Malaysia is presented in Fig.14. Overall, 

the trends of future mean precipitation show a high degree of variability for the A2 and B2 scenarios. The 

decrease rates of future mean precipitation were 0.17 and 0.16 mm per decade under the A2 and B2 

scenarios respectively. 
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Decrements in total precipitation over the Malaysia sub-region are relatively larger than the whole region 

of SEA [12] in both A2 and B2 scenarios in both seasons, though both results were showing large degree 

of variability. A significant decrement of precipitation during winter monsoon (DJF) might be due to an 

increase length of dry spell, which probably related to reduction of cloudiness [11][42]. The cloud 

fraction over SEA [12] in the future projections of A2 and B2 scenarios contained less cloud compared to 

the projection of baseline scenario. The reduction in precipitation is also found to be associated with a 

reduction in soil moisture content and evaporation [11]. Solar radiation is also associated with 

precipitation, where less precipitation indicates clearer days, when more solar radiation from the sun can 

reach the earth surface [43]. Solar radiation projection over SEA [12] for A2 and B2 scenarios were 

found to increase between 3.1 to 5.6 Wm
-2

 at the end of the century. In addition, dry spell length is found 

to be associated with the reduction in relative humidity. Reduced levels of water vapour in the air resulted 

in a lower percentage of relative humidity [44].  

This result implies that there is a tendency for Malaysia region to be drier at the end of this century, as 

similarly indicated by surface temperature trend in the previous section. The large inter-annual variability 

of precipitation over the region can be due to ENSO phenomenon and distribution and number of tropical 

cyclone [40] or which may be due to the involvement of more complicated mechanism [45] such as the 

influence of the Asian Monsoon circulation, particularly in insular regions such as Southeast Asia. A 

number of study has also explained that the projected changes of precipitation in the future period are 

highly varied, such as [17][20][37][45] and [46]. Changes in total precipitation simulated by the 

PRECIS-RCM are lower than the simulation results of GCMs [7]. 

 

 (a)  SRES A2-Baseline 
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(c)  SRES A2-Baseline 
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 (b) SRES B2-Baseline 
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T-test significant at 95% confident level 

Fig.11. Projected change annual mean precipitation (mm/day) for the period 1961-1990 relative to 

2071-2100 over Malaysia region under (a) SRES A2 and (b) SRES B2 with respect to the significant 

t-test plots for the (c) SRES A2 and (d) SRES B2, climate scenarios relative to the Baseline scenario. 
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 (a) DJF A2-Baseline 

 
Longitude 

(c) DJF: A2-Baseline 

 
Longitude 

 (b) DJF B2-Baseline 

 
Longitude 

(d) JJA: A2-Baseline 

 
Longitude 

 (c) JJA: A2-Baseline 

 
Longitude 

(e) DJF: B2-Baseline 

 
Longitude 

 (d) JJA: B2-Baseline 

 
Longitude 

(f) JJA: B2-Baseline 

 
Longitude 

 
 

 T-test significant at 95% confident level 

 

Fig.12. Projected changes of mean precipitation (mm/day) during (a-b) winter (DJF: Dec-Jan-Feb) and 

(c-d) summer (JJA: Jun-Jul-Aug) under the A2 and B2 emissions scenarios, with respect to the 

significant t-test plots for the (e-f) SRES A2 and (g-h) SRES B2 climate scenarios relative to the Baseline 

scenario over Malaysia. 
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Fig. 13.The annual cycle of precipitation under SRES Baseline, SRES A2 and SRES B2 
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Fig. 14.The time sequences of yearly mean precipitation over the period 2071-2099. 

 

C. Climatology Comparison between Malaysia Sub-Regions 

In this section, we focus our investigation on the comparison between the two Malaysian sub-regions 

which are separated by the South China Sea, namely the Malaysian Peninsula and Malaysian Borneo. 

The changes of annual and seasonal means surface temperature and precipitation for A2 scenario are 

shown in Fig.15. Comparatively, the Malaysian Peninsula sub-region is projected to have larger increases 

in annual and winter monsoon means surface temperature, while the Malaysian Borneo experiences 

larger changes during summer monsoon (JJA). The larger differences of surface temperature between the 

two sub-regions occurred between March and August (Fig. 16). 

For total precipitation, Malaysian Borneo is projected to experience less rain annually and seasonally 

than the Malaysian Peninsula. Malaysian Peninsula is projected to experience more rainfall than the 

Malaysian Borneo during summer monsoon (JJA). As shown in Fig. 16, more precipitation is observed in 

the Malaysia Borneo than the Malaysian Peninsula between the month of January and June. However, the 

situation changes between the months of September to December, where the Malaysian Peninsula will 

experience a wetter climate. The climatology difference between the two sub-regions, which is 

characterized by distinctive geographical location, maritime condition, orography, and landcover, as well 

as the regional atmospheric circulation which is influence by the Asian Monsoon could be the important 

factors in moderating the climate of the region. 
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Fig.15. Projected changes of mean surface temperature and precipitation over Peninsular and East 

Malaysia under the A2 scenario. 
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Fig.16. The annual cycle of (a) surface temperature an  (b) precipitation across Peninsular and East 

Malaysia under SRES A2 

 

V. CONCLUSION 

The high-resolution PRECIS-RCM as developed by Hadley Centre was used in this study for the 

investigation of surface temperature and precipitation over Malaysia for the current period (1961-1990) 

and future (2071-2100) under the A2 and B2 emissions scenarios. Performance of the model was 

evaluated with the observation and reanalysis data of CRU and ERA40, respectively. Overall, the 

PRECIS-RCM simulations agree well with the CRU observed data and ERA40 reanalysis data, with 

small cold bias across the region throughout all seasons. However, the precipitation did not perform as 
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well as temperature especially in DJF. It was also observed a larger wet bias over the higher-elevated 

regions. 

At the end of this century, the Malaysian domain is expected to experience a warming with the increase of 

surface temperature by 3.1°C and 2.2°C for the A2 and B2 scenarios respectively. In terms of seasonal 

variation, the average surface temperature increased by 2.8°C during DJF and 3.5°C during JJA under the 

A2 scenario. Meanwhile, under the B2 scenario, changes of surface temperature were increased by 1.9°C 

(DJF) and 2.4°C (JJA).Surface temperature changes over the whole region of investigation were 

statistically significant at 95% confidence level in both climate scenarios. In terms of total precipitation, 

high variability was observed for both A2 and B2 scenarios. Relative to the baseline scenario, the 

averages of the annual total precipitation have decreased by 11% and 13%for the A2 and B2 scenarios. 

Meanwhile, the averages of the seasonal total precipitation were decreased by 24% during DJF and 8% 

during JJA under the A2 scenario. For the B2 scenario, the seasonal total precipitation decreased by 26% 

(DJF) and 10% (JJA).  

The comparison between Malaysian sub-regions shows that the Malaysian Peninsula region was 

projected to have a larger increase in surface temperature compared to Malaysian Borneo, except 

becoming slightly lower during the summer monsoon (JJA).For the total precipitation, the both regions 

were projected to receive a large annual decrement of rainfall with larger magnitude in the Malaysian 

Borneo. Seasonally, Malaysian Borneo also have experienced a larger decrement of rainfall compared 

with the Malaysian Peninsular. Significant changes in surface temperature and high variability of 

precipitation in this region in both A2 and B2 transient climate scenarios at the end of this century are 

alarming issues which require serious attention. This is particularly important in the assessment of 

climate change impact, the risks and vulnerability to the various components and sectors of the 

environment and economics of the country. These findings are also critical in the formulation of 

appropriate national mitigation and adaptation policies related to climate change. 
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[46] Nuñez, M. N., Solman, S. A. and Cabré, M. F., 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. 


