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Abstract:�Climate�change�is�a�controversial�issue�presented�in�the�media.�Obviously,�global�climate�change�
aīects� local� climate� signiĮcantly,� especially� extreme� rainfall� frequently� causes� more� Ňood� and� drought� 
problem.� The� impact� results� in� loss� of� life,� resources� and� agriculture� products� interrupƟng� the� naƟonal� 
economic�progress.�Even�though�many�insƟtutes�have�predicted�the�future�climate�under�the�RepresentaƟve�
ConcentraƟon�Pathway�scenario�using�Global�CirculaƟon�Model,�the�predicted�climate�results�depend�on�
the�iniƟal�condiƟons�and�modelled�assumpƟons.�Several�predicted�climate�results�might�confuse�audiences� 
because� they� provide� high� uncertainty� of� climate� predicƟon.� Coping� with� the� uncertainty� of� climate� 
predicƟon� requires� an� understanding� of� the� future� extreme� rainfall� possibility,� so� the� consistency� of� 
extreme�rainfall�analysis�is�used�to�invesƟgate�the�extreme�rainfall�in�the�aspect�of�duraƟon,�frequency,�and� 
intensity� in� the� naƟonal� scale.� This� study� aimed� to� analyse� the� consistency� index� of� future� extreme� 
rainfall�using�mulƟ-bias�corrected�GCM�under�the�CMIP5�Project.�Extreme�rainfall� indices�were�calculated�
using�20�bias-corrected�GCM�climate�data�sets�under�the�RepresentaƟve�ConcentraƟon�Pathway�(RCP4.5�
and�RCP8.5).�Furthermore�consistency�analysis�and�staƟsƟcal�hypothesis�tesƟng�were�used�to�explore�the� 
extreme�rainfall�possibility�areas.�The�focused�extreme�rainfall� indices�comprised�CWD,�CDD,�Rx1D,�Rx3D,�
Rx5D,�R10mm,�R20mm,�R95PT,�SDII�and�PRCPTOT�indices.�The�new�approach�of�consistency�analysis�in�this�
study�used�hypothesis�test�for�comparing�2�means�to�enhance�a�greater�reliability�of�extreme�rainfall�indices.�
The�results�revealed�signiĮcant�changes�of�extreme�rainfall�indices�including�mean�CWD�increased�28�to�41%�
in�RCP4.5�and�26�to�37%�in�RCP8.5.�Mean�R20mm�increased�5�to�53%�in�RCP4.5�and�3�to�61%�in�RCP8.5.�
Finally,�mean�Rx5D�increased�38�to�54%�in�RCP4.5�and�26�to�53%�in�RCP8.5.�The�resulƟng�consistency�indices�
could�be�used�to�idenƟfy�areas�where�extreme�rainfall�indices�have�changed.
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1.�IntroducƟon�
Recently, Thailand faced extreme climates 

more frequency caused by global climate 
change�especially�Ňooding�and�drought�events.�
The� Ňooding� and� drought� problems� have� 
created obstacles to economic development, 
causing damage to housing and public  
infrastructure� and� aīecƟng� the� usual� lifestyle�
of people. Even though weather is forecasted 
weekly� and� seasonally;� however,� long� term� 
planning� is� need� to� use� the� climate� informaƟon�

to� prepare� adapƟve� measures� to� cope� with�
the changing climate. These expected extreme 
events are a challenge that water managers 
need�to�understand�including�their�characterisƟcs�
in�terms�of�severity�and�spaƟal�proĮle.

Much� related� literature� involves� applied� 
climate� indices� to� invesƟgate� the� precipitaƟon� 
extreme.� Pao-Shin� et� al.� (2013)� analysed�
trends� in� precipitaƟon� extremes� during� the� 
typhoon�season�in�Taiwan�from�21�staƟons.�The� 
extreme�precipitaƟon�induced�by�typhoons�and� 
monsoon systems has increased over the 
last� 60� years� and� these� two� components� 
contribute to strong upward trends in  
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precipitaƟon� intensity.� Furthermore,� much� 
research� employed� the� extreme� precipitaƟon� 
indices to study the trends, changes and  
variability� in� temperature� and� precipitaƟon� 
extreme� events,� e.g.,� Kektev� et� al.� (2003),� 
Kamiguchi� et� al.� (2006),� Kharin� et� al.� (2007),� 
RusƟcucci� et� al� (2010),� and� �tsamon� and� 
Patama,�(2016).�The�R95PT�and�maximum�1-day�
3-day�and�5-day�precipitaƟon�amount�(Rx1day,�
Rx3day� and� Rx5day)� indices� characterize� the� 
magnitude of intense rainfall events, whereas, 
simple�daily�intensity�index�(SDII)�consƟtutes�a�
measure� of� the� mean� total� precipitaƟon� that� 
falls on a wet day in a given year. Wang et al.  
(2014)� employed� R95PT� to� analyse� the�
long� term� changing� characterisƟcs� of� 
extreme� precipitaƟon� and� their� links� to� SST/
TS� and� atmospheric� paƩerns� from�annual� and� 
seasonal� Ɵme� scales� for� China� and� the� US�.� 
Furthermore,� R95pT� represents� the� contribuƟon�
from� very� wet� days� to� annual� precipitaƟon� 
totals� [6].�This� research�is�aimed�to�invesƟgate�
the future extreme rainfall in Thailand using 
daily�bias-corrected�GCM�rainfall�data�under�the�
changing climate.

2. Study area
Thailand� is� located� in� the� tropical� zone� of�

the� Southeast� area� of� the� conƟnent� between� 
laƟtude�5o37’N-20o27’N�and�longitude�97o22’E-
105o37’E� covering� 511,376� square� kilometres.�
The�climate�of� Thailand� is� under� the� inŇuence�
of monsoon winds of seasonal character, i.e., 
southwest monsoon and northeast monsoon. 
The� southwest� monsoon,� starƟng� in� May,�
brings a stream of warm moist air from the  
Indian Ocean towards Thailand causing  
abundant rain over the country, especially on the 
windward side of the mountains. Rainfall during 
this period is caused not only by the southwest  
monsoon, but also by the Inter-Tropical  
Convergence Zone (ITCZ) and tropical cyclones, 
producing a large amount of rainfall. The  
onset of monsoons varies to some extent. The  
southwest�monsoon�usually� starts� in�mid-May�
and ends in mid-October, while northeast  
monsoon normally starts in mid-October and 
ends in mid-February. The river basins have 
been divided in 9 group basins shown in Table 
1 and Figure 1. 

Table�1.�Coverage�area�of�group�river�basins

Group River Basin Area, Km2

1.�Mae�Khong�River�Basin�Group�(GB1) 188,645
2.�Salawin�River�Basin�Group�(GB2) 17,918
3.�Chao�Phraya�-�Thachin�River�Basin�Group�(GB3) 157,927
4.�Mae�Khlong�River�Basin�Group�(GB4) 30,836
5.�Bang�Prakong�River�Basin�Group�(GB5) 18,459
6.�Eastern�Coast�River�Basin�Group�(GB6) 13,829
7.�Western�Coast�River�Basin�Group�(GB7) 12,347
8.�Eastern�South�River�Basin�Group�(GB8) 50,942
9.�Western�South�River�Basin�Group�(GB9) 20,473
Total 511,376

3. Data
Observed rainfall data from 1,029 rain gauge 

staƟons�shown�in�Figure�1�were�obtained�from�
Thai� Meteorological� Department� (TMD).� We� 
collected daily rainfall in the period 1979 
to� 2005.� For� the� 20� general� circulaƟon� 
models� (GCM),� precipitaƟon� was� downloaded�

from� the� �PEC� Climate� Center� using� Climate� 
InformaƟon� ToolKit,� Version� 1.0� (CLIK3.0)� (Lee�
and�Kim,�2014)�shown�in�Table�2.�The�concerned�
Ɵme� period�was� divided� in� 4� periods:� present�
(1979�to�2005),�near�future�(NF:�2006�to�2039),�
mid� future� (MF:�2040�to�2069),� and� far� future�
(FF: 2070 to 2099). The selected climate scenarios 
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are� RepresentaƟve� ConcentraƟon� Pathways�
(RCPs)� 4.5� and� 8.5� which� were� presented� in�
the�ĮŌh�assessment� report� (�R5)�of� IPCC.�RCP�
8.5 exhibits high emissions consistent with  
the future of no policy changes to reduce  

emissions.� RCP� 4.5� is� exhibits� intermediate�
emissions� for� which� the� radiaƟve� force� is� 
stabilized�shortly�aŌer�year�2100,�consistent�with�
the� future� of� relaƟvely� ambiƟous� emissions� 
reducƟons�[12].

Figure�1.�Division�of�group�river�basins�of�Thailand

Figure�2.�Rain�gauges�staƟons�in�study�area
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Table�2.�DescripƟon�of�GCM�climate�data�used

Modeling group Model  
designaƟon

Horizontal/verƟcal�resoluƟon
AGCM OGCM 

Beijing� Climate� Center,� China� 
Meteorological��dministraƟon

BCC-CSM1.1 T42�L26 1olon x 1.33olat L40

Beijing� Normal� University� -� Earth� 
System�Model

BNU-ESM 2.8125�lon�2.7906�lat 1 lon 0.3344 lat

Canadian Center for Climate  
Modelling�and��nalysis

CanESM2 T63�L35 256�x�192�L40

NaƟonal� Center� for� �tmospheric� 
Research

CCSM4 1.25lon�x�0.9�lat�L26 1.1olon x 0.27o 
–0.54olat�L60

The� Community� Earth� System� Model,�
version�1-Biogeochemistry

CESM1_BGC 1.25 lon  0.9424 lat  

The� Community� Earth� System� Model,�
version 1-Community Atmospheric  
Model�version�5

CESM1_C�M5 1.25 lon  0.9424 lat  

Centre� NaƟonal� de� Researches� 
Meteorologiques

CNRM-CM5 TL127 L31 1olon x 1olat L42

Commonwealth� ScienƟĮc� and� 
Industrial� Research� OrganizaƟon�
in� collaboraƟon� with� Queensland� 
Climate Change Centre of Excellence

CSIRO-Mk3.6.0 T63�L18 1.875olon x 
0.9375olat L31

The�EC-Earth�consorƟum EC_E�RTH 1.125  lon 1.1215 lat 1  lon x 0.3 –1.0  lat
L�SG,� InsƟtute� of� �tmospheric� 
Physics,�Chinese��cademy�of�Sciences�
and CESS, Tsinghua University

FGOALS-g2 128�x�60�L26 360�x�196�L30
FGOALS-s2 R42�L26 0.5 –1  lon x 0.5 –1  

lat L
NO��� Geophysical� Fluid� Dynamics� 
Laboratory

GFDL-CM3 C48 L48 360�x�200�L50

InsƟtut�Pierre-Simon�Laplace IPSL-CM5�-LR 96�x�95�L39 2  lon x 2  lat L31
IPSL-CM5�-MR 144 x 143 L39 2  lon x 2  lat L31

Japan� �gency� for� Marine-Earth� 
Science and Technology, Atmosphere 
and� Ocean� Research� InsƟtute,� and� 
NaƟonal� InsƟtute� for� Environmental�
Studies

MIROC-ESM T42 L80 256�x�192�L44

Atmosphere and Ocean Research  
InsƟtute,� NaƟonal� InsƟtute� for� 
Environmental� Studies,� and� Japan�
�gency� for� Marine-Earth� Science� and�
Technology

MIROC5 T85 L40 256�x�224�L50

Max�Planck�InsƟtute�for�Meteorology MPI-ESM-LR T63�L47 GR15 L40
MPI-ESM-MR T63�L47 GR15 L40

Meteorological�Research�InsƟtute MRI-CGCM3 TL15x L48 1  lon x 0.5  lat L51
Norwegian�Climate�Centre NorESM1-M 144�x�96�L26 384 x 320 L53
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 4. Method

4.1�Gamma-gamma�transformaƟon
We� modiĮed� the� Gamma-gamma� 

transformaƟon� bias� correcƟon� method� 
proposed� by� Mishra� and�Herath� (2008;� 2011).�
The� daily� rainfall� data� were� deĮned� as� the� 
independent� variables.� The� distribuƟon� of�
daily rainfall obtained each month can be  
approximated� by� the� gamma� distribuƟon.� The�
following represent the major steps employed 
to correct the rainfall data. First, a gamma  
distribuƟon� for� daily� observed� rainfall� data� 
series� –� Fobs(xobs)� was� considered� Įt.� 
Second,� a� gamma� distribuƟon� for� daily�
GCM� rainfall� data� of� the� same� period� was� 
considered� Įt� –� FGCM20(xGCM20).� Third,� a� 
gamma� distribuƟon� for� the� 21st  

century� GCM� rainfall� data� was� considered� 
Įt� –� FGCM21(xGCM21).� Fourth,� the� inverse�
of� the� GCM� rainfall� data� was� taken� with� 
observed� rainfall� data� and� GCM� rainfall� data� 
was corrected using Eq.1., 

XGCM20CORR=F-1
obs(FGCM20 (XGCM20 ))   (1)

where� XGCM20CORR represents the corrected 
GCM� rainfall� data� in� each� month� during� the�
present� period� and� XGCM20 represents the raw 
rainfall during the present period.

For� the� future� period,� the� future� GCM� 
corrected the daily rainfall data in each month 
using Eq.2.,

where� XGCM21CORR is the daily corrected 
GCM�rainfall� data� in�each�month� in� the� future� 
period�and�XGCM21 is the daily raw rainfall data in 
each month in future period.
4.2. Extreme rainfall indices

In this study, we adopted the concept of  
extreme rainfall indices [9, 15] to calculate 
the extreme rainfall indicators focusing on  
diīerent� aspects� such� as� duraƟon,� frequency� 
and� intensity.� The� duraƟon� indices� 
included� consecuƟve� wet� day� (CWD� and�
dry day (CDD). The frequency indices  
included heavy rainfall days (R10mm) and 
very heavy rainfall days (R20mm). The  
intensity indices included max 1-day rainfall 
(Rx1D), max 3-day rainfall (Rx3D), max 5-day 
rainfall� (Rx5D),� annual� contribuƟon� from� very�
wet days (R95pT), simple daily intensity index 
(SDII),� and� annual� contribuƟon� from�wet� days�
(PRCPTOT),� respecƟvely.� The� descripƟon� of� 
extreme rainfall indices recommended by the 
ETCCDI are shown in Table 3.

( )( )
( )( )

1
21 21

21 21 1
20 21 21

obs GCM GCM
GCM CORR GCM

GCM GCM GCM

F F X
X X

F F X

−

−= (2)

Table�3.�DeĮniƟon�of�the�ten�extreme�rainfall�indices

Index Name DeĮniƟon
CWD ConsecuƟve�wet�days Maximum�number�of�consecuƟve�days�with�RR  ≥  1mm,�days
CDD ConsecuƟve�dry�days Maximum�number�of�consecuƟve�days�with�RR�<�1mm,�days

R10mm Heavy�rainfall�days Annual count of days where rainfall > 10mm, days
R20mm Very� heavy� rainfall�

days
Annual count of days where rainfall > 20mm, days

Rx1D Max�1-day�rainfall Seasonal maximum 1-day rainfall, mm
Rx3D Max�3-day�rainfall Seasonal maximum 3-day rainfall, mm
Rx5D Max�5-day�rainfall Seasonal maximum 5-day rainfall, mm

R95pT �nnual� contribuƟon�
from very wet days

Total annual rainfall from wet days (>= 1 mm) with rainfall above the 
95th�percenƟle�for�wet�days,�divided�by�the�annual�rainfall

SDII Simple daily intensity 
index

The�raƟo�of�annual�total�rainfall�to�the�number�of�wet�days�(≥1 mm)

PRCPTOT �nnual� contribuƟon�
from wet days

�nnual�total�precipitaƟon�from�days�>=1�mm,�mm/year
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4.3. Changes in extreme rainfall index
�ssuming� data� follow� normal� distribuƟon,�

the�procedure�for�tesƟng�the�changes�in�mean�
is as described below. First, the homogeneity of  
variance is tested for present and future  
index� series.� The� F� test� staƟsƟc� [16]� � for� 
comparing�two�populaƟon�variances�is�the�raƟo�
of the two sample variances,

          

where S1 and S2 are the sample standard  
deviaƟons�of�the�two�series.�The�more�this�raƟo�
deviates from 1, the more likely the 2 variances 
diīer,�and�we�will�reject�the�null�hypothesis�of�
equal�variances�when�the�raƟo�diīers�too�much�
from 1. Under the null hypothesis, the test  
staƟsƟc�F�has�an�F-distribuƟon�with�numerator�
degrees of freedom equal to n1-1 and denominator 
degrees of freedom equal to n2-1, where n1 and 
n2�are�the�sample�sizes�of�the�two�data�sets.

Second, the means of present and future  
index series are compared using 2-independent 
samples� t� test.� The� selecƟon� of� the� t� test� 
staƟsƟcs� is�based�on�the�result�of� the�equality�
test of variances in step 1. When the test in step 
1 indicates unequal variances, the t test assuming 
unequal variances will be applied. On the other 
hand, when the test indicates equal variances, the 
t test assuming equal variances will be applied. In 
step� 2,� the� null� hypothesis�H0:�μ1=� μ2 is tested 
against� the� alternaƟve� hypothesis� H1: μ1≠μ2.  
The� t� test� staƟsƟc� in� the� equal� variances� case�
[17], tcal, is calculated as:

 

where x�̅1  and x� ̅2 are the means of the two 
Ɵme� series.� Under� the� null� hypothesis,� tcal�
has� a� t� distribuƟon� with� degrees� of� freedom�
n1+n2-2.� � �� diīerence� between� two� means� is� 
signiĮcant� at� α� =� 0.05� when� p-value� of� the� 
calculated�t� test�staƟsƟc� (tcal) is less than 0.05.  
When�variances�are�unequal,�the�t�test�staƟsƟc�
[17], tcal, is calculated as:

The degrees of freedom of tcal for this case is
   

When the null hypothesis is rejected  
based on the t test result, the change in mean 
extreme rainfall indices will be calculated as the 
percentage� of� the� diīerence� between� future�
and present mean extreme rainfall indices in 
each grid using Eq.7,

where  represents the percentage of 
change between future    and present    
mean extreme indices.

Moreover,� when� the� F� test� is� rejected,�
the� change� in� standard� deviaƟon� can� also� be� 
calculated.�The�change�in�standard�deviaƟon�of�
extreme rainfall indices is the percentage of the 
diīerence�between�future�and�present�standard�
deviaƟons�of�extreme�rainfall�indices�in�Eq.8,

 

where  represents the percentage of 
change between future (SFU) and present (SPR) 
standard�deviaƟons�of�extreme�indices.

The consistency index for change in means 
(CIm) can be computed in Eq.9.

where NMp� is�the�number�of�BC�GCMs�that�
predict an increase in mean extreme rainfall  
indices, NMn� is� the� number� of� BC� GCMs� that�
predict a decrease, and NMo is the number of 
BC� GCMs� that� predict� no� change.� Therefore,�
the� sign� of� the� index� denotes� the� direcƟon�of� 
changes� projected� by� the� majority� of� the� BC�
GCMs.

The consistency index for change in variances 
(CIv) can be computed similarly as in Eq.10. 
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where NVp� is� the� number�of�BC�GCMs�that�
predict an increase in variance of extreme  
rainfall indices, NVn�is�the�number�of�BC�GCMs�
that predict a decrease, and NVo is the number 
of�BC�GCMs�that�predict�no�change.�
4.5.�Performance�evaluaƟon�

The� goodness� of� Įt� tests� are� used� to� 
evaluate� the� performance� of� daily� BC� 
rainfall data and extreme rainfall indices  
including� Pearson’s� correlaƟon� (r),� root� mean�
square� error� (RMSE)� [20-22],� mean� absolute�
error� (M�E),� percent� bias� (PBI�S)� [23,24],�
skill� score� (SS)� [25,26]� and� diīerence� in�mean�
and� standard� deviaƟon.� The� formulas� used� to� 
calculate the performance are:

where�xbc�represents�BC�data,�xo�represents�
observed�data,�MSEbc�represents�mean�square�
error�between�BC�and�observed�data,�and�MSEo�
represents mean square error between raw 
GCM�and�observed�data.
5. Results

5.1.�EvaluaƟon�of�daily�BC�rainfall
The�daily�BC� rainfall�data�of�each�GCM�was�

veriĮed�using�the�correlaƟon�(r),�percent�biases�
(PBI�S),� root� mean� square� error� (RMSE),� and�
mean� absolute� error� (M�E)� shown� in� Table� 4.�
The�average�correlaƟon�of�daily�BC�rainfall�data�
varied�from�0.14�to�0.19,�RMSE�varied�from�9.52�
to�10.72,�and�M�E�varied�from�4.21�to�4.97.�The�
percent� biases� produced�a� beƩer� result�which�
varied� from� -1.29� to� 1.13%.� The� evaluaƟon�of�
BC�rainfall�data�implied�that�these�BC�data�are�
able� to� help� invesƟgate� the� changes� of� future�
extreme rainfall.
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Table�4.�Performance�of�daily�BC�rainfall

GCM r PBIAS, % RMSE MAE
BCC_ESM 0.17 -0.50 9.92 4.52

BNU 0.16 -0.21 10.29 4.69
CanESM2 0.18 -0.20 10.24 4.42
CCSM4 0.17 -0.41 10.21 4.52

CESM1_BGC 0.17 -0.35 10.22 4.54
CESM1_C�M5 0.16 -0.32 10.32 4.56

CNRM 0.19 -0.29 9.52 4.21
CSIRO 0.15 1.13 10.53 4.78

EC_E�RTH 0.15 -0.20 10.43 4.75
FGO�LS_g2 0.17 -1.29 10.15 4.64
FGO�LS_s2 0.15 -0.24 10.31 4.67

GFDL 0.16 -0.02 10.18 4.50
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�5.2.�VeriĮcaƟon�of�extreme�rainfall�indices
The� performance� of� 20� BC� GCM� extreme�

rainfall� indices� is� veriĮed� by� using� the� RMSE,�
skill� score� and� percentage� of� diīerence� in�
mean� and� standard� deviaƟon� as� shown� in� 
Tables�5�and�6.�The�comparison�of�CWD,�R20mm�
and� Rx5D� between� observed� and� BC� extreme� 
indices is shown as in Figure 3, revealing that  
the� spaƟal� proĮle� of� BC� extreme� indices� 
corresponded to the observed extreme indices. 
Especially�the�BCR20mm�showed�similar�means�
to the observed R20mm, whereas the observed 

GCM r PBIAS, % RMSE MAE
IPSL_CM5�_LR 0.17 -0.22 10.14 4.53
IPSL_CM5�_MR 0.16 -0.19 10.35 4.56

MIROC5 0.17 -0.32 10.18 4.62
MIROC_ESM 0.15 -0.18 10.51 4.84
MPI_ESM_LR 0.15 -0.25 10.69 4.97
MPI_ESM_MR 0.14 0.70 10.72 4.94
MRI_CGCM3 0.15 -0.26 10.51 4.70

NorESM 0.16 -0.31 10.27 4.65
Average 0.16 -0.20 10.28 4.63

Max 0.19 1.13 10.72 4.97
Min 0.14 -1.29 9.52 4.21

Rx5D�showed�a�higher�mean�than�the�BC�Rx5D.� 
The� average� RMSE� of� BCGCM� extreme� rainfall� 
indices varied from 0.04 to 259.03, while the 
skill score varied from -0.14 to 0.44. The R20mm 
showed�a�beƩer�result� in�skill�score�(0.44).�The� 
diīerence� in� mean� produced� beƩer� results� 
varying� from� -4.97� to� 16.62%,� whereas� the� 
diīerence� in� standard� deviaƟon� produced� 
higher biases varying from -24.59 to 82.02%. 
The�veriĮed� result� implied� that� these� extreme�
indices could represent the extreme events in 
the Thai boundary.

Table 5. RMSE and skill score of extreme rainfall indices

Extreme 
index

RMSE Skill score
Max Mean Min Max Mean Min

CDD 39.55 30.67 26.19 0.65 0.37 0.10
CWD 38.27 19.56 13.29 0.78 0.22 -0.92

R10mm 14.12 10.24 7.65 0.87 0.38 -0.60
R20mm 7.86 5.49 4.44 0.88 0.44 -0.44

Rx1D 46.32 25.21 17.66 0.90 0.19 -0.76
Rx3D 61.67 46.91 36.54 0.95 -0.14 -1.03
Rx5D 76.61 55.49 41.36 0.95 -0.11 -1.24
R95PT 0.05 0.04 0.03 0.90 0.33 -0.50

SDII 3.29 2.17 1.68 0.61 0.14 -1.72
PRCPTOT 316.11 259.03 221.83 0.91 0.40 -0.13
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Table�6.�Diīerence�in�mean�and�standard�deviaƟon�of�extreme�rainfall�indices

Extreme 
index

Diīerence�in�mean,�% Diīerence�in�std,�%
Max Mean Min Max Mean Min

CDD 22.61 -4.00 -17.90 46.15 13.33 -23.85
CWD 87.84 -3.61 -66.07 73.16 -24.59 -76.02

R10mm 23.59 1.79 -31.35 85.21 38.93 -10.77
R20mm 29.18 -4.83 -49.66 60.56 32.33 -20.65

Rx1D 25.27 6.04 -9.21 225.09 63.91 0.00
Rx3D 29.57 16.62 0.00 159.97 77.10 0.00
Rx5D 36.11 16.18 -1.97 172.78 82.02 0.00
R95PT 11.07 1.37 -16.46 129.49 54.28 0.00

SDII 26.93 -4.97 -30.25 41.45 7.74 -36.78
PRCPTOT 1.27 0.19 -1.07 78.50 38.16 0.00

 5.3 Changes of extreme rainfall indices  
Figures 4 and 5 showed the extreme  

rainfall changes in all mean and standard  
deviaƟon�of�CWD,�R20mm�and�Rx5D�indices�for 
�the�NF,�MF,�and�FF�periods�against�the�present�
period�under�two�RCPs� scenarios.�The�changes� 
of� mean� and� standard� deviaƟon� of� extreme� 
indices� were� analysed� in� terms� of� porƟon� of� 
increased and decreased area to total area,  
regional increase and decreased percentage  
and change of whole area as shown in Tables 7  
and 8. The results showed that the mean CWD  
was projected to consistently increase over the  
upper�part�of�Thailand.���signiĮcant�increase�in�
mean CWD, greater than 40% was observed over 
the�same�region�and�was�signiĮcant�at�the�95%� 
conĮdence�level,�whereas�mean�CDD�increased�
5 to 25%. The change in mean of frequency  
indices (R10mm and R20mm) tended to  
signiĮcantly�increase�higher�than�20%�except�for�
R20mm� in� the�NF� period�which� increased� less�
than�6%.�The� sign�of� intensity�extreme� indices�
tended to increase higher than 20% in both 
RCP4.5�and�RCP8.5�(see�Tables�5�and�6).

Regarding� the� changes� of� spaƟal� 
distribuƟon� analysis,� the� changes� in� mean�
CWD� and� Rx5D� indices� in� the� NF,� MF� and� FF� 
periods� under� RCP4.5� and� RCP8.5� were� 
analysed and compared among the 9 group  
river�basins�shown�in�Figure�6.�The�CWD�index�
tended�to�signiĮcantly�increase�higher�than�15%�

in�all�periods�under�RCP4.5,�while�also�tending�to�
increase�higher�than�15%�under�RCP8.5�except�
for�GB5�(Bang�Prakong�River�Basin�Group)�and�
GB7� (Western� Coast� River� Basin�Group)� in� the�
NF� period� and�GB8� (Eastern� South�River�Basin�
Group) in the FF period. Further, Rx5D tended 
to� signiĮcantly� increase�higher� than�30%� in� all� 
periods�under�RCP4.5�except�GB6�(Eastern�Coast�
River�Basin� Group)� in� the�MF�period,�whereas�
Rx5D tended to increase higher than 15% in all 
periods�under�RCP8.5�except�GB6�(Eastern�Coast�
River�Basin�Group)�in�the�NF�period.�
5.4 Consistency of extreme rainfall indices  

Figures 7 and 8 showed the extreme  
rainfall consistencies in all mean and  
standard� deviaƟon�of� CWD,� R20mm�and�Rx5D� 
indices�for�the�NF,�MF,�and�FF�periods�against�the�
present�period�under� two�RCPs�scenarios.�The� 
consistency�of�duraƟon,�frequency�and�intensity�
of extreme rainfall indices were analysed in the 
same terms as the change analysis as shown  
in Tables 9 and 10. The consistency results  
revealed that the CDD index tended to  
signiĮcantly� increase� 3� to� 19%� in� the� 
majority of areas (more than 50%),  
whereas�the�CWD�index�tended�to�signiĮcantly�
increase more than 20% in the majority of areas 
(more than 70%). The consistency of frequency  
indices (R10mm and R20mm) of all periods and  
scenarios�tended�to�signiĮcantly�increase�higher�
than 20% in the majority of areas except R20mm 
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in�the�NF�period�which�tended�to�decrease�less�
than�4%�under�RCP4.5�and�RCP8.5.In�addiƟon,�
the consistency of intensity indices tended to 
signiĮcantly� increase� higher� than� 20%� in� all� 
periods� and� RCP� scenarios.� However,� some� 
indices increased less than 20% such as Rx1D 
in� the�NF�period�and�R95PT� in�the�NF�and�MF� 
periods� under� RCP4.5,� Rx1D,� Rx3D� and� Rx5D�
in� the�NF�period�and�R95PT� in�the�NF�and�MF� 
periods�under�RCP8.5.��

Concerning� the� consistency� of� spaƟal� 
distribuƟon�analysis,��the�changes�in�mean�CWD�
and�Rx5D�indices�in�the�NF,�MF�and�FF�periods�
under� RCP4.5� and� RCP8.5� were� analysed� and�
compared among the 9 group river basins shown 
in Figure 9. The CWD index tended to increase 
higher� than� 10%� in� all� periods� under� RCP4.5� 
except� GB5� (Bang� Prakong� River� Basin� Group)�
in� the� MF� period� and� GB8� (Eastern� South� 
River� Basin� Group)� in� the� FF� period.� It� also� 
tended�to�increase�higher�than�10%�under�RCP8.5� 
except�GB5�(Bang�Prakong�River�Basin�Group)�and�
GB7� (Western� Coast� River� Basin�Group)�which� 
decreased� in� the� NF� period� and� GB8� (Eastern�
South� River� Basin� Group),� which� decreased�
in� the�MF� and� FF� periods.� Furthermore,� Rx5D� 
tended to increase higher than 10% in all periods 
under�RCP4.5,�whereas�Rx5D�tended�to�increase�
higher� than� 7%� in� all� periods� under� RCP8.5� 
except� GB6� (Eastern� Coast� River� Basin� Group)�
and� GB9� (Western� South� River� Basin� Group)�
which�decreased�in�the�NF�period.�
6. Conclusion

In� this� study,� the� predicƟon� of� future� 
extreme� rainfall� indices� was� esƟmated� over�
Thailand� based� on� mulƟple� BC� GCM� rainfall�
data� under� RCP4.5� and� RCP8.5� scenarios.� The�
20�daily�BC�GCM�models�of�precipitaƟon�were�
used to calculate the extreme rainfall indices 
around Thailand and analysed the changes and  
consistency associated with these indices. The 
horizontal� resoluƟon� of� each� BC� GCM� is� 0.1�
degree�and�these�BC�datasets�are�available� for�
present�(PR:1979�to�2005),�near�future�(NF:2006�
to�2039),�middle�future�(MF:2040�to�2069),�and�
far future (FF:2070 to 2099) periods under force 
from�RCP4.5�and�RCP8.5�scenarios.

The� performance� of� the� 20� BC� GCM� in� 

correcƟng� the� biases� of� raw� GCM� 
precipitaƟon� in� the� present� period� is� 
evaluated� against� observaƟons� across� 
Thailand.� The� results� show� the�BC�GCM� could�
perform� the� proper� spaƟal� distribuƟon� of� 
precipitaƟon�with�lower�PBI�S�values�(-0.20%).�
For the performance of extreme rainfall  
indices,� the� goodness� of� Įt� tests� was� used� to� 
evaluate,�and�the�results�of�evaluaƟon�showed� 
the�diīerence�in�mean�produced�beƩer�results�
less than 17%. 

In future scenarios, the changes of mean 
and� standard� deviaƟon� of� extreme� indices�
are predicted to remain consistently over the 
upper part of Thailand, whereas the sign of  
projected� extreme� indices� changes� diīers� 
depending�on�the�periods�and�RCP�scenarios.�In�
parƟcular,�mean�intensity�indices�over�the�upper�
part�of�Thailand�(GB1�to�GB5)�were�projected�to� 
increase� higher� than� 20%� during� the� NF� 
period�in�RCP4.5,�whereas�they�would�increase� 
higher�than�20%�during�the�MF�and�FF�periods�
in�RCP8.5.�

The�change�of�standard�deviaƟon�of�extreme�
indices� results� (Rx3D,� Rx5D,� R95PT,� SDII,� and�
PRCPTOT)� revealed� that� the� variaƟon�of� these�
indices tended to increase higher than 100%  
except�PRCPTOT�in�the�NF�period�under�RCP8.5.

In� addiƟon,� concerning� consistency� 
analysis in changes in mean, the result revealed 
that the trend of extreme indices would be  
increasing in all periods and all scenarios except 
R20mm, which tended to decrease less than 
4%�in�the��NF�period�under�RCP4.5�and�RCP8.5� 
scenarios. Furthermore, regarding the  
consistency�of�changes�in�variaƟon,�the�results�
revealed that the trend of the intensity extreme 
indices would be increasing more than 10% in 
all� periods� and� all� RCP� scenarios� except� Rx1D�
and�PRCPTOT.

Concerning the overall future changes and 
consistency results, it could be implied that  
future extreme rainfall event might cause more 
Ňood� events� than� drought� events� in� the� NF� 
period� (2006� to� 2039),� because� the� 
intensity indices values produced higher mean 
 and standard deviaƟons� compared� with� the�
present�period�under�all�RCP�scenarios.
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Figure�3.�Comparison�of�CWD,�R20mm�and�Rx5D�between�observed�and�bias�corrected�indices

Figure�4.�Changes�in�mean�of�CWD,�R20mm�and�Rx5D�indices�in�near�future�period
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Figure�5.�Changes�in�standard�deviaƟon�of�CWD,�R20mm�and�Rx5D�indices�in�near�future�period

Figure�6.�Changes�in�mean�of�CWD�and�Rx5D�indices�in�all�periods�in�9�group�river�basins



50 JOURNAL OF CLIMATE CHANGE SCIENCE
No.�9�-�2019

Figure�7.�Consistency�in�mean�of�CWD,�R20mm�and�Rx5D�indices�in�near�future�period

Figure�8.�Consistency�in�standard�deviaƟon�of�CWD,�R20mm�and�Rx5D�indices�in�near�future�period
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Figure�9.�Consistency�in�mean�of�CWD�and�Rx5D�indices�in�near�future�period�
in�9�group�river�basins
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