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Abstract: Southeast Asia is known globally as a highly vulnerable climate 
change region. Precipitation is the primary factor that impacts livelihood in this 
region due to recurring flood and drought incidents. Variables projections under 
climate change can be made using General Circulation Models (GCMs). An 
investigation of projected precipitation with the new phase of the model 
experiment, the Sixth Assessment Report (AR6), is worth to be considered. This 
study investigates the spatial distributions of variability, trend and conditions 
(wet/dry) of precipitations generated using 10 GCMs over the SEA under AR6 
with four scenarios (SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8). Three statistical 
methods, coefficient of variation (CV), Mann-Kendall test (MK) and 
standardized anomaly index (SAI), were calculated by grid cells. Significant 
differences among GCMs could be seen in the results. High precipitation 
variation with CV was indicated around the southern part of Indonesia and the 
Philippines oceans for six models, whereas only one model (MRI-ESM2) 
returned strong variation for mainland countries. A decreasing precipitation 
trend during the historical period could be observed in mainland countries with 
four GCMs. However, the SSP3-7.0 and SSP5-8.5 of most models presented 
precipitation increment. The extremely wet and dry ratio to all other years was 
calculated. Highly wet years higher than 10% were indicated in SSP5-8.5 with 
MPI-ESM1 occurring in most areas of the region, whereas other models gave 6-
10% of highly wet occurrence. Drought situation occurred higher than 10% and 
could be seen with only three models with small areas under all scenarios.   

Keywords; Climate Change; Coefficient of Variation; Mann-Kendall; Standardized 
Anomaly Index; Southeast Asia; Sixth Assessment Report   

1. Introduction 

Southeast Asia (SEA) comprises eleven countries, which are: Indonesia, 
Myanmar, Thailand, Vietnam, Malaysia, Philippines, Laos, Cambodia, East 
Timor, Brunei and Singapore. This region is indicated as highly vulnerable to 
climate change [1,2]. SEA’s livelihood mainly relies on agriculture. Therefore, 
meteorological changes, especially precipitation and temperatures, are 
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conducive to the growth of agricultural products that factor into the gross domestic product of various 
countries. These countries are indicated as vulnerable regions to climate change due to most people depending 
on natural resources [3]. A higher frequency of extreme events resulting in severe droughts and floods, 
including tropical cyclones, occur in this region, creating high-risk conditions. In addition, 563 million people 
of this region are located along coastlines around 173,251 kilometres that are at risk of rising sea levels and the 
impact of tropical storms. Further, this region is likely to face a more significant impact from climate change 
than the rest of the world [1]. 
 The Intergovernmental Panel on Climate Change (IPCC) launched a new phase of the model 
experiment, the Sixth Assessment Report (AR6). Nine Shared Socioeconomic Pathways (SSPs) are indicated in 
the report with five high priority scenarios in Tier 1, comprising four groups (SSP1, SSP2, SSP3 and SSP5). 
SSP1 is a low challenges group presenting in Tier 1 with two scenarios; SSP1-1.9 and SSP1-2.6. These two 
scenarios reflect a 1.5 ⁰C that is an ultimate goal under the Paris Agreement and a 2.0 ⁰C presenting a 
sustainability corresponding to the previous scenario RCP 2.6. The middle of the road can be found in SSP2-
4.5, presenting closely to the RCP4.5 of the AR5 scenario. SSP3-7.0 and SSP5-8.5 scenarios reflect a medium-
high range, up to the highest level of AR6. SSP3-7.0 is in the regional rivalry of the socio-economic family, 
whereas SSP5-8.5 indicates a high emission scenario relating to the large use of fossil fuels of the 21st century [4].  
 To gain knowledge about climate change responses to climate systems. General Circulation Models 
(GCMs) that are the main tools for climate change works were employed. These models can develop climate 
projections related to future greenhouse gas emissions and socio-economic scenarios. The 50 GCMs and more 
than 20 institutions collaborate on the Coupled Model Intercomparison Project (CMIP6). For the 6th phase, the 
climate models, the atmosphere-ocean general circulation models (AOGCMs) and the Earth system models 
(ESM) calculate the future scenario projections using the concentration of greenhouse gases from all non-CO2 

[4]. Although the projection outputs generated from all GCMs mostly agree in the overview, the regional 
details among those GCMs should be considered. The differences between models result from various factors 
such as the model calculations, variability of climate systems and the implication of socio-economic relevance 
applied in the model. For these reasons, model variations can be noticeably observed; for example, some GCMs 
may result in dry conditions in a specific region while others may present wet incidents [5].   
 Precipitation fluctuation in both amount and trend on different temporal and spatial scales has been 
of great concern for policymakers given its impact on people's livelihood [6], especially in the SEA mentioned 
above. Drought and flood events are also strongly related to the magnitude of precipitation. An overview 
investigation of precipitation characteristics over this region should be worthy of notice for the new launch 
AR6 scenarios before the following model selection and downscaling process. Therefore, this study aims to 
investigate the differences of original GCM outputs to understand their precipitation characteristics: 
variations, trends and conditions under AR6 climate change scenarios. Ten available GCMs with only 
resolution around 100 km for all four scenarios in Tier 1 during 2015-2100 and historical simulations between 
1850 and 2014 in the spatial scale of each grid cell were analyzed. Three statistical methods were employed in 
this study: coefficient of variation (CV), Mann-Kendall method (MK) and standardized anomaly Index (SAI). 
This research clearly defined the spatial differences of precipitation characteristics of all models and across the 
entire SEA. 

2. Materials and Methods 

2.1 Study area 
Of the 11 countries in the SEA, 5 (Thailand, Burma, Laos, Cambodia, and Vietnam) are located on the 

mainland, an extension of the Asian continent. At the same time, the other 6 are island formations (Figure 1). 
The region is in a tropical zone, and similarities in climate can be found for all countries throughout the region. 
The agricultural sector is the main source of livelihood in most countries of this area, especially given that 
there has been a significant increase of land conversion from non-agricultural areas such as grasslands, forest 
areas and wetlands to cropland for higher yield productivities. Thus, these countries’ GDPs have become even 
more vulnerable to climate change [1]. 
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Figure 1. Countries in South East Asia 
 
2.2 Data collection  

Projected daily precipitation of four scenarios in Tier 1 (SSP1-2.6 SSP2-4.5 SSP3-7.0 and SSP5-8.5) 
during 2015-2100, including precipitation in the historical period (1850-2014) in CMIP6 generated from 10 
GCMs were modelled. All selected GCMs are the Atmospheric-Ocean General Circulation Models (AOGCMs), 
which comprises biogeochemical function, for example, vegetation and some atmospheric chemistry in the 
model [4]. The differences among these 10 GCMs are the main components: land-ocean interactive dynamics, 
marine biological chemistry, and surface wave functions used to simulate atmospheric and hydrologic 
variables. The name of the models and their institutions are presented in Table 1. Only GCMs available for all 
four scenarios, including historical data, are considered in this study. These selected models have resolutions 
around 100 km. Only variant label of r1i1p1f1 where r, i, p and f refer to realization index, initialization index, 
physics index and forcing index respectively was selected. 

 
Table 1 Selected GCMs used in this study 

 
 

GCM Institution Abbreviation 

CESM2-WACCM National Center for Atmospheric Research, USA CESM2 

CMCC-CM2-SR5 
Euro-Mediterranean Centre on Climate Change 
coupled climate model  

CMCC-CM2 

CMCC-ESM2 Euro-Mediterranean Centre on Climate Change 
coupled climate model 

CMCC-ESM2 

NorESM2-MM Norwegian Earth System Model NorESM2 
TaiESM1 Taiwan Earth System Model TaiESM1 
MRI-ESM2-0 The Meteorological Research Institute, Japan MRI-ESM2 
GFDL-ESM4 Geophysical Fluid Dynamics Laboratory, USA GFDL 
INM-CM4-8 The Institute for Numerical Mathematics, Russia  INM-CM4 
INM-CM5-0 The Institute for Numerical Mathematics, Russia INM-CM5 

MPI-ESM1-2-HR 
The Max Planck Institute for Meteorology, 
Germany  

MPI-ESM1 



ASEAN J. Sci. Tech. Report. 2022, 25(1) 11-23.14
ASEAN J. Sci. Tech. Report. 2022, 25(1), 11-23 4 of 13 
 

 

2.3 Statistical tests  
 This study employed three statistical methods widely used to estimate precipitation characteristics 
that were the coefficient of variation (CV), the Mann-Kendall test (MK) and the standardized anomaly index 
(SAI). The first and second methods were normally used to calculate variations and trends of precipitation 
based on the specific period. The last one can specify wet/dry years occurrences under the period of interest. 
Details of each method are presented below.      
 
2.3.1 Coefficient of variation 

The coefficient of variation (CV) is a statistic measure index used in this study to estimate rainfall 
variability. This index benefits to indicate which regions are facing the fluctuation of rainfall, leading to 
potentially high vulnerability for drought and water scarcity [7]. This method calculates the standard 
deviation of the rain averaged in a specific period. The CV range is between 0-100% and is classified into three 
groups. A region presents a CV value less than 20%, indicating low rainfall variability; 20-30% of CV and 
higher than 30% present medium and high rainfalls variability, respectively [8]. CV was widely used to 
investigate rainfall variability in various regions [9-11]. This indicator is computed as Equation 1, where 𝑺𝑺𝑺𝑺 
and 𝑿̅𝑿 are standard deviation and mean values over the study period. 

                                                                               𝐶𝐶𝐶𝐶 = (𝑆𝑆𝑆𝑆
𝑋̅𝑋 ) ∗ 100                                                                      (1) 

2.3.2 Mann-Kendall test  
    The Mann-Kendall is the non-parametric statistical test for trend detection mostly used to examine 
increasing, decreasing or no-trend of rainfall time series. This method requires no prerequisite condition of 
the data and is normally applied to investigate the hydro-climatological data series in terms of spatial variation 
and temporal trends [12]. Many authors [13-15] have used this method to examine significant precipitation 
trends in different regions. The computation of the Mann-Kendall test considers n data time series containing 
two subsets of the data 𝑖𝑖 and 𝑗𝑗 where 𝑖𝑖 = 1,2,3… 𝑛𝑛-1 and 𝑗𝑗 = 1,2,3…𝑛𝑛. These data are arranged in order time 
series and each one is compared to all subsequent data. Statistic S (Equation 2 and 3) is calculated and 
decreases if the data presented in a later period is lower than a data of a previous period and vice versa. The 
final set of S is all thus computational output. 
 
                                                                     𝑆𝑆 =   ∑ ∑ 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑥𝑥𝑗𝑗 − 𝑥𝑥𝑖𝑖)𝑛𝑛

𝑗𝑗=𝑖𝑖+1
𝑛𝑛−1
𝑖𝑖=1                                                            (2) 

 
 

                                                         +1 𝑖𝑖𝑖𝑖 (𝑥𝑥𝑗𝑗 − 𝑥𝑥𝑖𝑖) > 0 
                                        𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑥𝑥𝑗𝑗 − 𝑥𝑥𝑖𝑖)                     0    𝑖𝑖𝑖𝑖 (𝑥𝑥𝑗𝑗 − 𝑥𝑥𝑖𝑖) = 0                                                       (3) 

                           0    𝑖𝑖𝑖𝑖 (𝑥𝑥𝑗𝑗 − 𝑥𝑥𝑖𝑖) = 0 
 

Where 𝑥𝑥𝑖𝑖 and 𝑥𝑥𝑗𝑗 are annual precipitation of year 𝑖𝑖 and 𝑗𝑗 and 𝑗𝑗 > 𝑖𝑖, respectively. 𝑛𝑛 is the number of total 
data and 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑥𝑥𝑗𝑗 − 𝑥𝑥𝑖𝑖) is the result of equation 3 calculation. The standard normal statistic test (Z-test) is then 
calculated as Equation 4, whereas the variance of 𝑆𝑆 can be computed using Equation 5 

 
 
 
 
 
 
 

                                                                                                                                                                                            (4) 
 

                                  𝑉𝑉𝑉𝑉𝑉𝑉(𝑆𝑆) = 1
18 [𝑛𝑛(𝑛𝑛 − 1)(2𝑛𝑛 + 5) − ∑ 𝑡𝑡𝑗𝑗(𝑡𝑡𝑗𝑗 −   1)(    2𝑡𝑡𝑗𝑗 + 5)𝑚𝑚

𝑗𝑗=1 ]                                     (5) 
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Where 𝑛𝑛 is the number of the tied group that is a zero difference between compared values and 𝑡𝑡𝑗𝑗 is 
the number of data points in the 𝑡𝑡𝑡𝑡ℎ tied group. Positive / Negative 𝑍𝑍 value indicates an increasing/decreasing 
trend of precipitation. 

 
2.3.3 Standardized Anomaly Index (SAI) 
 Standardized Anomaly Index (SAI) is commonly used to evaluate precipitation status in various areas 
[16-17, 10]. It was used to describe rainfall variability. The frequency of dry and wet incidents is also clarified 
by calculating annual rainfall events deviating from the average yearly rainfall in the study period. 
Negative\positive SAI values reflect less rainfall than normal, which is risky to drought\flood events. 
Equation 6 presents the method to compute SAI. 𝑥𝑥𝑖𝑖 is the annual rainfall of year 𝑖𝑖 and  𝜇𝜇 and 𝛿𝛿 is the average 
and standard deviation of long term rainfall period. SAI value can be classified into 7 group s indicated in 
Table 2. 

 

                                                                            𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖 =  (𝑥𝑥𝑖𝑖−𝜇𝜇)
𝛿𝛿                                                                                     (6) 
 

Table 2 SAI classification 

SAI Category 

2.0+ Extremely wet 
1.5 to 1.9 Very wet 

1.0 to 1.49 Moderately wet 
-0.99 to 0.99 Near normal 
-1.0 to -1.49 Moderately dry 
-1.5 to -1.99 Severely dry 
-2.0 and less Extremely dry 

 
3. Results and Discussion 
 Projected precipitation of ten GCMs according to AR6 climate change scenarios: SSP1-2.6, SSP2-4.5, 
SSP3-7.0 and SSP5-8.5, including historical simulation, were analyzed over the SEA region. Data in historical 
and scenarios simulations were considered during the 1850-2014 and 2015-2100 periods. Spatial precipitation 
variability, trend and condition grid by grid over the entire area are shown. The differences in precipitation 
characteristics among all ten models were revealed. 

3.1 Precipitation variation of SEA under climate change scenarios 
 The coefficient of variation values (CV) of 10 GCMs with 5 scenarios (4 SSP (2015-2100) and historical 
simulations (1850-2014)) were calculated (Figure 2). CV was ranged in between 0-100% and then classified into 
three groups: Low (0-20%), Medium (20-30%) and High variation (>30%). Figure 2 presents all spatial 
distribution of CVs over SEA. During the historical period, high precipitation variation could be clearly seen 
in the six model outputs of CESM2, CMCC-CM2, CMCC-ESM2, NorESM2 TaiESM1 and MRI-ESM2. These 
models produced precipitation showing high variability in the southern and eastern parts of the region. In the 
south, high variability of precipitations had occurred in the Indian Ocean close to Indonesia. The North Pacific 
Ocean also exhibited high precipitation variation. The other models, GFDL, INM-CM4, INM-CM5, specified 
only a small area of high CV in the North Pacific Ocean. Only MPI-ESM1 presented high precipitation 
variability in the western and southern part of Thailand, west of Burma and some areas of the Philippines and 
Indonesia. Moderate precipitation variabilities were also presented with large regions of CESM2, CMCC-CM2, 
CMCC-ESM2, NorESM2 and TaiESM1and GFDL. CESM2 and NorESM2 simulated the moderate level in the 
area around the Philippine Sea, some parts of Vietnam, Indonesia and the Philippines; whereas CMCC-CM2, 
CMCC-ESM2, TaiESM1and GFDL exhibited moderate precipitation mostly in the South of SEA. Small areas 
of this level were also presented in INM-CM4, INC-CM5 and MPI-ESM1 located in the South of SEA. 
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Figure 2. Spatial coefficient of rainfall variation over SEA (historical period: 1850-2014 / SSP: 2015-2100) 
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Figure 2. Spatial coefficient of rainfall variation over SEA (historical period: 1850-2014 / SSP: 2015-2100) 
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 Projected precipitation under climate change scenarios using climate model strongly affected rainfall 
variability shown in CESM2 and NorESM2, especially for high levels of rainfall variation. CESM2 developed 
high rainfall variation in a larger area around the Philippines Sea and the Pacific Ocean in all SSP scenarios 
compared to the historical period showing no high variation around this area. NorESM2 also yielded similar 
results with a small area of high rainfall variation in these areas in the historical period. A larger coverage area 
could be seen for SSP scenarios. CMCC-CM2 and CMCC-ESM2 gave an increased range of CV around the 
Indian Ocean. A larger covering close to Indonesia could be noticeably found when four scenarios were forced 
into the models. Precipitation variation calculated from the other models during the historical period slightly 
differed from SSP scenarios. 
 In sum, if the spatial distribution of CVs were closely considered, it was found that GCMs could be 
divided into three groups. The first group, CESM2, CMCC-CM2, CMCC-ESM2, NorESM2, TaiESM1 and MRI-
ESM2 mostly presented the highest CV in the same area with the same scenario. The second group was INM-
CM4, INM-CM5 and GFDL showed a low level of CV in the large SEA area. Only small regions of the medium 
and high level of CV were found. Finally, MPI-ESM1 indicated a high variation of precipitation spread over 
in the mainland countries that were significantly different from others, as shown in Figure 2, with CV higher 
than 30% presenting in Thailand, Burma and some parts of Indonesia.        

3.2 Precipitation trends of SEA under climate change scenarios 
  An overview of the spatial distribution of rainfall trends in SEA developed by 10 GCM models under 
historical and four SSP scenarios are shown in Figure 3. Statistical Z values were calculated for all grid cells 
across the region. Positive and negative values indicate an increase and decrease in rainfalls, respectively. The 
differences among the 10 model outputs could be noticed. In the historical simulations, CESM2 presented 
rainfall decreases in Burma, the North and the Northeast of Thailand, Laos, Cambodia, Vietnam and some 
parts of Malaysia and Indonesia similar to NorESM2, TaiESM1, MRI-ESM2, GFDL and INM-CM4. CMCC-
CM2, CMCC-ESM2, INM-CM5 and MPI-ESM1 contradictorily showed rainfall increments in these countries. 
 Precipitation trends significantly changed when the models were applied with different scenarios. 
Increasing rainfalls were found in countries identified to have experienced rainfall decrease during historical 
periods (Burma, the North of Thailand, Laos, Cambodia, Vietnam, Malaysia, Indonesia, Brunei and Singapore) 
in CESM2 TaiESM1 and INM-CM4. In the scenario of SSP1-2.6, most models produced rainfall increases in 
most SEA countries except GFDL and MPI-ESM1. This event occurred in the Philippines, SEA and the Pacific. 
Increasing rainfalls for the entire region can be noticeably seen in TaiESM1 under SSP3-7.0 and SSP5-8.5, 
whereas SSP2-4.5 of this model and MPI-ESM1 under SSP1-2.6, SSP2-4.5 and SSP3-7.0 yielded rainfall 
decreases in most countries. These results were mostly consistent with [18], indicating a significant increase of 
precipitation under SSP5-8.5 rather than SSP2-4.5. All scenarios of MPI-ESM1exhibited a negative trend 
according to the Mann-Kendall test, while most of the Z results exhibited confidence intervals less than 90%. 
 
3.3 SAI index of SEA rainfalls under climate change scenarios 
 SAI values of every year between 1850-2100 were calculated for all grid cells (Figures 4 and 5). SAI 
was initially categorized into seven classes. However, in this research it was modified to classify into three 
categories: very to extremely wet (SAI of higher than 1.5 to >2.0); severely to extremely dry (SAI of lower than 
-1.5 to <-2.0), and normal (SAI of -1.5 to 1.5) to mainly focus on extreme events of both wet and dry incidents. 
Percentages of events (a number of years) were calculated and compared to all years for the historical period 
(1850-2014: 165 years) and SSP scenarios (2015-2100: 86 years). Only extreme situations of both wet and dry 
events are explained below. 
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Figure 3. Spatial Mann-Kandell over SEA (historical period: 1850-2014 / SSP: 2015-2100) 
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Figure 3. Spatial Mann-Kandell over SEA (historical period: 1850-2014 / SSP: 2015-2100) 
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Figure 4. SAI very to extremely wet over SEA (historical period: 1850-2014 / SSP: 2015-2100) 
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Figure 5. SAI severely to extremely dry over SEA  (historical period: 1850-2014 / SSP: 2015-2100) 
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3.3.1 SAI-very to the extremely wet incident 
 The frequencies of rainfall conditions in very to extremely wet occurrences are shown in Figure 4. All 
precipitation simulations showed that very to extremely wet years often occurred in the range of 0-20% for all 
scenarios. However, most models simulated thefrequency of very to extremely wet occurrence for all over the 
region, around 6-15%, except the projection of INM-CM5 under SSP5-8.5, indicating this incident as more 
frequent than others. The differences of model simulation are noticeably presented. During the historical 
period, most countries faced extremely wet events in moderate frequency (6-15%) in various models except 
CESM2, CMCC-CM2, CMCC-ESM2 and NorESM2, showing a low-frequency level in most areas of Indonesia 
and the North Pacific Ocean. High precipitation events occurred with large frequency (>15%) in the Indian 
Ocean close to the West of Indonesia in TaiESM1 and MRI-ESM2.   
   Significant differences between historical periods and SSP scenarios were shown in various models. 
CESM2 exhibited a higher frequency of extreme events with more than 15% around the southern part of 
Indonesia with SSP2-4.5, SSP3-7.0 and SSP5-8.5, similar to TaiESM1. CMCC-ESM2 and NorESM2 presented a 
number of very-extreme wet with a high amount indicated in SSP5-8.5. Moderate frequency of these extreme 
events occurred covering most regions in GFDL and INM-CM4 in both historical period and SSP scenarios. 

3.3.2   SAI-Severely to Extremely Dry conditions 
 A similar category of the events' frequency was also conducted with very to extremely dry conditions 
(Figure 5). Moderate frequency of drought conditions expanded all over the region for all models. CMCC-
CM2, CMCC-ESM2, and NorESM2 historical simulations showed that extremely dry conditions often 
occurred around the South and West of Indonesia and the Indian Ocean. Countries in the mainland, for 
example, Thailand, Burma, Laos, Cambodia and Vietnam, mostly faced drought conditions during the 
historical period on a moderate scale (6-10%), resulting from most models. 
 According to climate change scenarios, SAI calculation showed a slight difference compared to the 
historical period. Moderate frequency of drought events occurred in large areas around the Philippines 
Oceans, whereas a small area of high frequency was also found for CESM2. CMCC-CM2 and CMCC-ESM2 
gave a high frequency of drought conditions in the same area as CESM2. In contrast, the driest events around 
the South of Indonesia of these two models occurred in the historical period switched to the low and moderate 
frequency in all SSP scenarios. A large number of very to extremely dry incidents occurred across only a small 
area under climate change scenarios of NorESM2, TaiESM1 GFDL, MPR-ESM2 and MPI-ESM1. 

4. Conclusions  
 Climate change's impact on various areas has been strongly evident, especially in Southeast Asia 
(SEA). The IPCC’s sixth assessment report presents a future socio-economic projection of four scenarios for 
Tier1 with SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5. This study investigated the difference of precipitation 
projection in spatial distribution under SSP scenarios and the historical period of ten models. These ten models 
had a spatial resolution of around 100 km with a variant label of r1i1p1f1. Variation, trend and condition of 
precipitations were analyzed using the coefficient of variation (CV), the Mann-Kendall test and Standardized 
Anomaly Index (SAI). Results revealed that significant differences between models were found. Six models 
(CESM2, CMCC-CM2, CMCC-ESM2, NorESM2 TaiESM1 and MRI-ESM2) clearly show high-moderate 
precipitation variation in the same area around the Indian Ocean and the North Pacific. These results were 
significantly different compared to the rest of the models. The Mann-Kendall test presented high variations 
among ten models. Eight models showed precipitation increments in most mainland countries for most 
scenarios except GFDL and MPR-ESM1. Finally, SAI was calculated for extremely wet and dry occurrences. 
The highest frequency of extremely wet events was seen with INM-CM5 under SSP5-8.5, whereas all models 
gave a majority range of extreme event occurrences around 6-10% of the study period. The increase of 
precipitation occurrences with extreme events in Southeast Asia were also found in [19]. Three models 
(CESM2, CMCC-CM2 and CMCC-ESM2) noticeably presented a high frequency of dry situation in variance 
from other models, which predominately showed only a low-moderate frequency of drought. The results of 
this study showed the differences among all ten models. Some models can be categorized in the same group 
whereas other GCMs presented significant differences. [20] also mentioned the performance difference among 
GCMs with different metrics. Therefore, researchers should pay more attention to selecting the output of 
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GCMs for continuing working on climate change areas. Considering a large number of GCMs or multi-model 
ensembles were recommended. This should notify researchers for model selection in the next step of local 
study on precipitation under climate change scenarios.    
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