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Abstract: Climate change is a controversial issue presented in the media. Obviously, global climate change
aTects local climate signi}cantly, especially extreme rainfall frequently causes more Nood and drought
problem. The impact results in loss of life, resources and agriculture products interrupéng the naBonal
economic progress. Even though many ins6tutes have predicted the future climate under the Representadve
Concentrabon Pathway scenario using Global CirculaBon Model, the predicted climate results depend on
the iniBal condi®ons and modelled assumpBons. Several predicted climate results might confuse audiences
because they provide high uncertainty of climate predicGon. Coping with the uncertainty of climate
predicon requires an understanding of the future extreme rainfall possibility, so the consistency of
extreme rainfall analysis is used to invesBgate the extreme rainfall in the aspect of dura®on, frequency, and
intensity in the naBonal scale. This study aimed to analyse the consistency index of future extreme
rainfall using mul®-bias corrected GCM under the CMIP5 Project. Extreme rainfall indices were calculated
using 20 bias-corrected GCM climate data sets under the Representave ConcentraBon Pathway (RCP4.5
and RCP8.5). Furthermore consistency analysis and sta®socal hypothesis tesong 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 signi} cant 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 resul©ng consistency indices
could be used to iden6fy areas where extreme rainfall indices have changed.
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to prepare adapOve measures to cope with
the changing climate. These expected extreme
events are a challenge that water managers
need to understand including their characteriscs
in terms of severity and spaal pro]le.

Much related literature involves applied
climate indices to invesbgate the precipitabon
extreme. Pao-Shin et al. (2013) analysed

1. Introduction

Recently, Thailand faced extreme climates
more frequency caused by global climate
change especially Nooding and drought events.
The Nooding and drought problems have
created obstacles to economic development,
causing damage to housing and public
infrastructure and aTecong the usual lifestyle

of people. Even though weather is forecasted
weekly and seasonally; however, long term
planning is need to use the climate informaBon
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trends in precipitabon extremes during the
typhoon season in Taiwan from 21 staBons. The
extreme precipitaBon induced by typhoons and
monsoon systems has increased over the
last 60 years and these two components
contribute to strong wupward trends in




precipitabon intensity. Furthermore, much
research employed the extreme precipitabon
indices to study the trends, changes and
variability in temperature and precipitabon
extreme events, e.g., Kektev et al. (2003),
Kamiguchi et al. (2006), Kharin et al. (2007),
RusBcucci et al (2010), and tsamon and
Patama, (2016). The R95PT and maximum 1-day
3-day and 5-day precipitabon amount (Rx1day,
Rx3day and Rx5day) indices characterize the
magnitude of intense rainfall events, whereas,
simple daily intensity index (SDII) cons6tutes a
measure of the mean total precipitabon that
falls on a wet day in a given year. Wang et al.
(2014) employed R95PT to analyse the
long term changing characterisbcs of
extreme precipitaBon and their links to SST/
TS and atmospheric pazerns from annual and
seasonal ®me scales for China and the US .
Furthermore, R95pT represents the contribuSon
from very wet days to annual precipitabon
totals [6]. This research is aimed to invesBgate
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 conBnent between
laBtude 5°37°'N-20°27’N and longitude 97°22’E-
105°37’E covering 511,376 square kilometres.
The climate of Thailand is under the inNuence
of monsoon winds of seasonal character, i.e.,
southwest monsoon and northeast monsoon.
The southwest monsoon, staréng 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, Km?

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
staBons 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 circulaBon
models (GCM), precipitaon was downloaded

from the PEC Climate Center using Climate
Informa6on ToolKit, Version 1.0 (CLIK3.0) (Lee
and Kim, 2014) shown in Table 2. The concerned
©me 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 Representabve ConcentraBon Pathways
(RCPs) 4.5 and 8.5 which were presented in
the JOh 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 radiaBve force is
stabilized shortly aOer year 2100, consistent with
the future of relaBvely ambiBous emissions
reducoons [12].
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Figure 2. Rain gauges stadons in study area
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Table 2. Descripoon of GCM climate data used

Modeling group l\_/lode! Horizontal/vertical resolution
designation AGCM 0GCM

Beijing Climate Center, China  BCC-CSM1.1 T42 1L.26 1°lon x 1.33°lat L40

Meteorological dministraBon

Beijing Normal University - Earth BNU-ESM 2.8125lon 2.7906 lat 1 lon 0.3344 lat

System Model

Canadian Center for Climate CanESM2 T63 L35 256 x 192 L40

Modelling and nalysis

NaBonal Center for tmospheric CCsSm4 1.25lon x 0.9 lat L26 1.1°lon x 0.27°

Research —0.54°lat L60

The Community Earth System Model,  CESM1_BGC 1.25lon 0.9424 |at

version 1-Biogeochemistry

The Community Earth System Model, CESM1 C M5 1.25lon 0.9424 lat

version 1-Community  Atmospheric

Model version 5

Centre  NaGonal de  Researches CNRM-CM5 TL127 31 1°lon x 1°lat L42

Meteorologiques

Commonwealth ScienB]c and CSIRO-Mk3.6.0 T63 L18 1.875°lon x

Industrial Research Organizadon 0.9375°lat L31

in collaborabon with  Queensland

Climate Change Centre of Excellence

The EC-Earth consor6um EC E RTH 1.125 lon1.1215lat 1 lonx 0.3 -1.0 lat

L SG, InsGtute of tmospheric FGOALS-g2 128 x 60 L26 360 x 196 L30

Physics, Chinese cademy of Sciences

and CESS, Tsinghua University FGOALS-s2 R42 126 0.5-1 Ilg,?LX 05-1

NO Geophysical Fluid Dynamics GFDL-CM3 C48 148 360 x 200 L50

Laboratory

InsBtut Pierre-Simon Laplace IPSL-CM5 -LR 96 x 95 L39 2 lonx2 latL31
IPSL-CM5 -MR 144 x 143 L39 2 lonx2 latL31

Japan gency for Marine-Earth  MIROC-ESM T42 L80 256 x 192 L44

Science and Technology, Atmosphere

and Ocean Research InsStute, and

Na6onal Insbtute for Environmental

Studies

Atmosphere and Ocean Research MIROC5 T85 L40 256 x 224 150

InsGtute, NaBonal InsGtute for

Environmental Studies, and Japan

gency for Marine-Earth Science and

Technology

Max Planck Ins6tute for Meteorology MPI-ESM-LR T63 L47 GR15 L40
MPI-ESM-MR T63 L47 GR15 L40

Meteorological Research Ins6tute MRI-CGCM3 TL15x L48 1 lonx 0.5 latL51

Norwegian Climate Centre NorESM1-M 144 x 96 L26 384 x 320153
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4, Method

4.1 Gamma-gamma transformation

We modijed the Gamma-gamma
transformaBon  bias correcéon  method
proposed by Mishra and Herath (2008; 2011).
The daily rainfall data were de}jned as the
independent variables. The distribuBon of
daily rainfall obtained each month can be
approximated by the gamma distribuGon. The
following represent the major steps employed
to correct the rainfall data. First, a gamma
distribubon for daily observed rainfall data
series — Fobs(xobs) was considered Jt.
Second, a gamma distribuon for daily
GCM rainfall data of the same period was
considered Jt — FGCM20(xGCM20). Third, a
gamma distribubon for the 21
century GCM rainfall data was considered
Jt — 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.,

XGCMZOCORR= -1obs(FGCM20 (XGCMZO )) (1)

where X_ oo F€Presents the corrected
GCM rainfall data in each month during the
present period and X_,,, 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., .

X - X Fobs (FGCMZI (XGCMZI )) (2)
Mot et FG%MZO (FGCMZI (XGCM21 ))
where X, com 1S the daily corrected
GCM rainfall data in each month in the future
period and X, ., 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
diTerent aspects such as duraBon, frequency
and intensity. The duraBon indices
included consecubve 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 contribu6on from very
wet days (R95pT), simple daily intensity index
(SDII), and annual contribubon from wet days
(PRCPTOT), respecOvely. The descripbon of
extreme rainfall indices recommended by the
ETCCDI are shown in Table 3.

Table 3. De]niBon of the ten extreme rainfall indices

Index Name

Definition

CwWD  Consecubve wet days Maximum number of consecuBve days with RR > 1mm, days

CDD ConsecuBve dry days
R10mm Heavy rainfall days

Maximum number of consecu®ve days with RR < 1mm, days

Annual count of days where rainfall > 10mm, days

R20mm Very heavy rainfall Annual count of days where rainfall > 20mm, days

days
Rx1D  Max 1-day rainfall
Rx3D  Max 3-day rainfall
Rx5D  Max 5-day rainfall

Seasonal maximum 1-day rainfall, mm
Seasonal maximum 3-day rainfall, mm

Seasonal maximum 5-day rainfall, mm

RO5pT nnual contribuBon Total annual rainfall from wet days (>= 1 mm) with rainfall above the

from very wet days

95th percen6le for wet days, divided by the annual rainfall

SDIl Simple daily intensity The raBo of annual total rainfall to the number of wet days (=1 mm)

index

PRCPTOT nnual contribuGon
from wet days

nnual total precipitaBon from days >=1 mm, mm/year
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4.3. Changes in extreme rainfall index

ssuming data follow normal distribu6on,
the procedure for teséng the changes in mean
is as described below. First, the homogeneity of
variance is tested for present and future
index series. The F test staBs6c [16] for
comparing two populaon variances is the rabo
of the two sample varziances,
F= *;_ 3)

where S, and S, é\re the sample standard
deviadons of the two series. The more this rabo
deviates from 1, the more likely the 2 variances
diter, and we will reject the null hypothesis of
equal variances when the rabo diTers too much
from 1. Under the null hypothesis, the test
staBsOc F has an F-distribubon with numerator
degrees of freedom equal to n -1 and denominator
degrees of freedom equal to n-1, where n_ and
n, 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 selecon of the t test
staBsecs 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 HO: u = u, is tested
against the alternabve hypothesis H: u zu,.
The t test staBsOc in the equal variances case
[17], t.,is calculated as:

X%

R (RS

where x~, and x~, are the means of the two
©me series. Under the null hypothesis, tcal
has a t distribu6on with degrees of freedom
n+n,-2. diTerence between two means is
signijcant at a = 0.05 when p-value of the
calculated t test sta®sEc (t_) is less than 0.05.
When variances are unequal, the t test staBsec
[17], tcal, is calculated as:

y == (5)
S5

nom

(4)

The degrees of freedom of t_, for this case is
noon (6)

n—1 n,—1

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 diTerence between future
and present mean extreme rainfall indices in
each grid using Eq.7,

%A, = Xrv =Xer | 100 (7)

where %Amrngresents the percentage of
change between future (Xrv)and present (X
mean extreme indices.

Moreover, when the F test is rejected,
the change in standard deviaBon can also be
calculated. The change in standard deviaBon of
extreme rainfall indices is the percentage of the
diTerence between future and present standard
deviaBons of extreme rainfall indices in EQ.8,

%A, _(M)xloo (8)
»

R

where %A, represents the percentage of

change between future (S, ) and present (S,.)
standard deviabons of extreme indices.

The consistency index for change in means

(CI ) can be computed in Eq.9.
NM

m Different means, NM >NM,

ol MM,

NM,+NM,+NM,

L; Different means, NM >NM
NM,+NM,+NM,
where NM_ is the number of BC GCMs that
predict an increase in mean extreme rainfall
indices, NM_ is the number of BC GCMs that
predict a decrease, and NM_ is the number of
BC GCMs that predict no change. Therefore,
the sign of the index denotes the direcGon of
changes projected by the majority of the BC
GCMs.
The consistency index for change in variances
(Cl) can be computed similarly as in Eq.10.

; No change in means, 9)
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NV

P

NV,+NV,+NV,
cI NV,
NV,+NV,+NV,

NV

; No change in variances,

<

NV, +NV,+NV,~

where NV is the number of BC GCMs that
predict an increase in variance of extreme
rainfall indices, NV _is the number of BC GCMs
that predict a decrease, and NV is the number
of BC GCM s that predict no change.

4.5. Performance evaluation

The goodness of Jt tests are used to
evaluate the performance of daily BC
rainfall data and extreme rainfall indices
including Pearson’s correlaBon (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 diTerence in mean
and standard deviaBon. The formulas used to
calculate the performance are:

(S )~ (X 5) (X
N DREEDEIN DR RN

(12)

V=

R = | 2o =) ]
n

> Different variances, NV >NV,

(10)

P . Different variances, NV >NV,

(11)

MAE =23 [x -] (3)
ss =1 _MSE, (14)
MSE .,
n 2
MSE = Zizl(be _xO) (15)
n
PBIAS = M (16)
X,

where xbc represgznts 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. Evaluation of daily BC rainfall

The daily BC rainfall data of each GCM was
veri}ed using the correlaBon (r), percent biases
(PBI S), root mean square error (RMSE), and
mean absolute error (M E) shown in Table 4.
The average correlaBon of daily BC rainfall data
varied from 0.14 to 0.19, RMSE varied from 9.52
t010.72,and M E varied from 4.21to0 4.97. The
percent biases produced a beZer result which
varied from -1.29 to 1.13%. The evaluaBon of
BC rainfall data implied that these BC data are
able to help invesBgate the changes of future
extreme rainfall.

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 9.52 421
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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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

MIROCS 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 10.69 497
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

5.2. Verification of extreme rainfall indices

The performance of 20 BC GCM extreme
rainfall indices is veriJed by using the RMSE,
skill score and percentage of diTerence in
mean and standard deviaBon 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 spafal proJle of BC extreme indices
corresponded to the observed extreme indices.
Especially the BCR20mm showed similar means
to the observed R20mm, whereas the observed

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 beXer result in skill score (0.44). The
diTterence in mean produced beXer results
varying from -4.97 to 16.62%, whereas the
diterence in standard deviaBon produced
higher biases varying from -24.59 to 82.02%.
The veriJed 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 RMSE Skill score
index 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
ROSPT 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. DiTerence in mean and standard deviaBon of extreme rainfall indices

Extreme Difference in mean, % Difference in std, %
index 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
RO5PT 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
deviaBon 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 deviaBon of extreme
indices were analysed in terms of porBon 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.  signi}cant increase in
mean CWD, greater than 40% was observed over
the same region and was signiJcant at the 95%
conjdence level, whereas mean CDD increased
5 to 25%. The change in mean of frequency
indices (R10mm and R20mm) tended to
signi] cantly 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 spa6al
distribubon 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 signi} cantly increase higher than 15%
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inall 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 signijcantly 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 deviabon of CWD, R20mm and Rx5D
indices for the NF, MF, and FF periods against the
present period under two RCPs scenarios. The
consistency of duradon, 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
signijcantly increase 3 to 19% in the
majority of areas (more than 50%),
whereas the CWD index tended to signijcantly
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 signiJ cantly increase higher
than 20% in the majority of areas except R20mm




in the NF period which tended to decrease less
than 4% under RCP4.5 and RCP8.5.In addiBon,
the consistency of intensity indices tended to
signijcantly 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 spa6al
distribubon analysis, the changesin mean CWD
and Rx5D indices in the NF, MF and FF periods
under RCP4.5 and RCP8.5 were analysed and
compared amongthe 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
tendedtoincrease 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 higherthan 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 predicéon of future
extreme rainfall indices was es®mated over
Thailand based on mulBple BC GCM rainfall
data under RCP4.5 and RCP8.5 scenarios. The
20 daily BC GCM models of precipitabon were
used to calculate the extreme rainfall indices
around Thailand and analysed the changes and
consistency associated with these indices. The
horizontal resolubon 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

correcong the biases of raw GCM
precipitabon in the present period is
evaluated against  observaBons  across
Thailand. The results show the BC GCM could
perform the proper spabal distribuon of
precipitaBon with lower PBI S values (-0.20%).
For the performance of extreme rainfall
indices, the goodness of ]t tests was used to
evaluate, and the results of evaluaBon showed
the diTerence in mean produced beXer results
less than 17%.

In future scenarios, the changes of mean
and standard deviabon of extreme indices
are predicted to remain consistently over the
upper part of Thailand, whereas the sign of
projected extreme indices changes diters
depending on the periods and RCP scenarios. In
par©cular, 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 deviaBon of extreme
indices results (Rx3D, Rx5D, R95PT, SDII, and
PRCPTOT) revealed that the variaBon of these
indices tended to increase higher than 100%
except PRCPTOT in the NF period under RCP8.5.

In addiGon, 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 variabon, 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
Nood events than drought events in the NF
period (2006 to 2039), because the
intensity indices values produced higher mean

and standard deviaBons compared with the
present period under all RCP scenarios.

39

JOURNAL OF CLIMATE CHANGE SCIENCE ||

NO.9-2019 | m—




08'0S 000°0 69°€¢C- 000 €€°09 8660 988y 0000 cLoe 00 SL'6Y 860 EE|
9.'0v 0000 LY'TC 0€00 09¢y 0460 G9°¢CE 0000 €6'81- 8110 or'ov 880 =1
80°0¢ 1000 817'61- 8CE0 €C6¢E 1,90 T16°S€E 0000 16'61- STT0 veEey §88°0 3N aexy
8Ty 0000 11'8¢- 000 STy 966°0 T1°6€ 0000 9G'v¢e- 8€0°0 iv ¢96°0 44
LO'EE 0000 Se€Ce 6900 (4R 1€6°0 68'S¢ 0000 00°T¢- L9T°0 909 €€8°0 =
ov'sl 1000 98°¢e- vLEO €1°8¢ 290 ¢Loc 0000 98°¢e- ¢80 G9'8€ LTL°0 =1\ arxy
vZ'19 0000 66'LC- ¥00°0 €L'T9 9660 9T'es 0000 [4% 14 L10°0 LS'VS €860 EE|
140 %4% 0000 ¥8'9¢- L20°0 0891 €/6'0 19V 000°0 ave 800 €909 (4440 4N
vee 1000 T6'v¢C- 0450 v 9y 6¢v0 178 0000 v0've- §85°0 88'1S STv'0 3N wwocy
TT've 0000 vLte- ¢00°0 09°v€ 8660 L6°CE 0000 0ov'8T- 1000 [4R322 6660 44
€6°LC 0000 8¢ 0t €000 TL°8C L6670 LT0€ 0000 SL8T- 000 YT'1E 8660 4N
90°TE 0000 6C'ST- 00 6TvE 9560 0¢'8¢ 0000 8¥'ST- 1500 ¥9'1E 616°0 =1\ wwoTy
09°L¢ 0000 ceETE 80 €V'8Y 8TL0 LSOV 0000 S6'SC- LTT°0 17105 €/8°0 44
I AS 0000 SS°LT- 1810 VLY 6780 €T'ee 0000 LeLe 810 o' vy S8°0 4N
€€'9¢ 0000 ev'Se- TLT0 v0'Sy 6¢L0 16'LC 0000 9T'9¢- 6410 LEOV 1¢8°0 4N amd
0c'se 1000 €L'6T- €900 L9'8¢ 9€6°0 ot 810 0CLT- 810 80°¢C¢ 9€9°0 44
8Tl 00 vTStT- €CC0 ¢9'¢c 9€L’0 08t LETO 9T'9T- €8C°0 ¢0'1¢ 0870 4N
81’6 VEV'0 €E€'9T- 8¥0°0 16'61 8150 89°. 8¥€0 0v'9T- 9¢T0 11’61 9¢s'0 aN aad
eaJe % sease % sease eaJe % sease % sease
ajoym u sease ‘9seasddp  paseasnadp  ‘aseasnul aseasul ajoym u sease ‘9sealdap  paseasnap  ‘aseasdul  paseasoul
2duaseyiq 9SueyooN  |euoiSey  jouonlod  [euoiSey  jouondod | dduaseyig  dSueyooN  |euoiSey  jouondod  |euoiSdy o uondod
S'8dJY S'vdJoy poliad Xapuj

S90IPUI [[ejulel aWwaJIxe ueaw Jo sabuey) */ aqeL

JOURNAL OF CLIMATE CHANGE SCIENCE

NO. 9-2019

40
—



2IMINJ Je} 44 ‘a1nIny 3|pPIW HIAl ‘8InINy Jeau 4N Jewsy

S9'TE 0000 000 0000 0S°0€ 000'1T veve 0000 00'61- 2000 06'v€ 8660
(4414 0000 9¢'€eT- ¥00°0 SY'ec 966°0 T¢9¢ 0000 ¢T9T- 800°0 §8'LC 660 =1
6v°'Sc 0000 SETT- 1ST°0 88'8T 6v8°0 0T'L¢ 0000 ov'et- 8000 817'8¢ 660 3N 101d04d
6C°0€ 0000 LE6T- €000 Tece L66°0 ¢€'9¢ 0000 TL21- S00°0 6.°9¢ S66°0 44
99¢¢ 0000 6T'8T- 1000 6T'LC 666°0 LS'TC 0000 vit- ¥10°0 98'¢¢ 9860 =1
0vT 0000 99'TT- 6700 vLLe 1860 [44VA" 0000 6T'TI- €V10 (4% 4 LS80 4N 11as
LETC 0000 SEVI- €700 ve'Te L86'0 €9°€l 0000 S8°0T- 8S¢°0 Sv'1e [4740] EE|
80°CT 0000 LTTT- 99¢°0 8€°0¢ VeLO 9 0000 86'01- 9EY’0 6,61 950 =1
99y 0000 v8'¢CT- 9.¥°0 8861 vZs0 8T9 0000 9T'¢t1- 424 81°0¢ 9690 3N 1dS64
89¢S 0000 8T've- €000 0€'¢S L66°0 0S'€S 0000 9v'6T- €100 69°€S L86°0 44
[4: X474 0000 cLoe 9700 [4: R4 860 VYA 0000 vS'LT- 0900 00'¢cy 6€6°0 4N
6€9¢ T00°0 8€'LT- 8€C'0 L96E T9L°0 8’0y 0000 0G'81- 6500 LTSy 60 =1\ asxy
eaJe % sease % sease eaJe % sease % sease
ajoym u sease ‘9seasddp  paseasnadp  ‘aseasnul aseasul ajoym u sease ‘9seaidap  paseasnap  ‘aseasdul  paseasoul
sduaseylq 9SueyooN  |euoiSay  jouonlod  |euoiSdy  jououndod | dduaseyig dSueyooN  |euoiSey  jouopdod  |euoiSey o uondod
S'8dJY S'vdJoy polad Xapuj

41

JOURNAL OF CLIMATE CHANGE SCIENCE

NO.9-2019




99792 0000 G8'89- 1400 €9'78¢ 6¢6'0 S8'CLT 0000 1829~ 9¢€0 v0'6/C .90 44
917987 0000 67°99- Svco ¢2'T19¢ SS/2°0 66'871T ¢00°0 6€99- 16C°0 99'€€C £0L°0 =
92'80T 0000 G2¢'99- 0910 09'vve (017240 09147 ¢00°0 T12'99- Tee0 STeve L1190 =1\ aexy
€6'8ST 0000 ¢9',9- 0ceo 00'¢st 0890 06°€c- 1000 ¢6'69- 2980 G0'9G¢ 9€T'0 14
L8'TS 0000 ¥9'L9- GE9°0 18'Trc G9€°0 169 0000 ¢0',9- 8LL°0 T6'9v¢ o =1
1C€- 0000 0¥'S9- L18°0 1174 €81°0 S6°€- 0000 6¢'99- 180 89°€G¢ 88T°0 =1\ aTxy
[4R7A? L20°0 ¢9'T9- 900 Sv'e6l L68°0 5°0ST 6100 8€°09- ¥ST'0 87'98T L2880 44
7601 vL0°0 L6'8S- TLT0 89'/8T G599°0 09°0TT 6900 6€'T9- 86¢C°0 €9'T6T €90 =
€6'EY 88¢°0 06'8S- €T€0 8T°LST 66€°0 €618 98T°0 06°LS- 9€C0 TTsLT 850 3N wwocy
9T'€6 0500 89°09- SS€°0 7581 S6S°0 ¢8'€9 SvT0 81’85~ 9vE0 vTest 6050 44
689 0T€0 18°09- 810 96°G49T 9050 68'LT LLTO VL °8S- 0¢s0 VL ST €0€°0 4N
80'GT L0€0 ¢c09- €EY'0 ¢S'6ET 09¢°0 SS'TL LST'0 659G~ 89¢°0 6,97 S/LS°0 =\ wwoTy
91'L€2 0000 G569~ 9€2'0 L1°9¢E 9.0 09'56¢ 0000 9€'99- ¥0T'0 L6°0VE S68°0 44
S'6LT 0000 T12¢'69- 6600 9¢'Tce T06°0 8€'0¢¢ 0000 18'89- 6¢T0 §50'89¢ /480 =
80'9¢¢ 0000 88'79- Tcro cv'69¢ 6480 11161 0000 ¢L'99- 80¢°0 ¥.'G9¢ ¢6L°0 =1\ amd
9EVET ¢L00 €9'T9- 00T0 86'€L1 6¢8°0 G9'9¢T €80°0 [44S LETO 9€'¢8T 080 44
8T'STT L¥0°0 G969~ LLTO 9e'eat 9..°0 8169 6¢C0 0T'LS- 9/2°0 Sv'v8T S617°0 4N
G899 S€9°0 10°LS- [470N0] {h724" 1744¢ €T'.9 oo [AVAS 9620 T9'€LT ¥0S°0 =1\ aao
eaJe % sease % sease eaJe % sease % sease
ajoym u sease ‘9seasddp  paseasnadp  ‘aseasnul aseasul ajoym u sease ‘9sealdap  paseasnap  ‘aseasdul  paseasoul
Qoualaylq Q8ueyooN  |euoiSay J0 uonod |euoi8ay jouonuod | @duasayiq dSueydon  |euoiSay 40 uouod |euoi3ay J0 uorod
S'8dJY S'vdJoy pouad xapu|

S9IPUI |[ejure] 81X UOQRIASP prepuels Jo sabuey) g a|qeL

JOURNAL OF CLIMATE CHANGE SCIENCE

NO. 9-2019

42
—



aIniny Jey 44 ‘a1nIny a|ppIW I ‘84nIny Jeau 4N HJeway

6C'S6T 0000 €6'T9- S00°0 ¢0'0ce 5660 LTVLT 0000 SY'v9- ¢80°0 I'v6¢ 8160 44
18'aPT 0000 T12'99- 5800 C€'68¢ ST6°0 SE'SIT ¥00°0 68°¢9- cIt1o S8'TLT §88°0 =
Sv'TE £00°0 Er'v9- A TAY 8L°ST¢ 8€L'0 €V'0LT 1000 ¢Ly9- LTT0 S6°LLT ¢8L°0 3N 101d04d
86°0C¢E ¥10°0 6989~ 9700 €6'00¢ 046°0 €1'99¢ €000 L1°8S- Y110 €L°€0C €880 44
66'6S¢C VET'0 €V'LS- 1400 8€'881 S6L°0 60'9€¢ ¥80°0 00'6S- 18¢°0 90961 GE9'0 =4
8Y'IVL v0C'0 989~ 8EV'0 €197 8G€0 81'90¢ 6400 189G~ 010 AR 4%4 8180 4N 11as
9'9T¢ ¢00°0 89°¢9- ¥80°0 89'8¢¢ 160 6T°€9T 800°0 6€°C9- G9¢°0 St'6€C LeLo EE|
vO'TL1 €000 ¢0'v9- LTC0 69'L¢¢ 08L°0 ce'6sT 9000 G8'¢9- 9120 0T'ST¢ 8LL°0 =1
v8'Sv1 £L00°0 €1'29- S/.T0 LE6TC LTL0 L0'V9T 9000 v6°'T9- 6TC0 96'9¢¢ S/.L°0 3N 14564
VAAT4) 0000 GG'/9- €00 6T'€EE 996°0 LT°0LT 0000 Tr'99- 6¢T°0 ov'sTE 1,80 EE|
80'8S¢ 0000 T19'99- ¢80°0 Py e8C 8160 6C'8TC 1000 9/'99- €1T0 vTese 9880 =1
06'6L1 0000 T0°29- vZeo LO'6YC 9..°0 €L°0¢cC 0000 €0'89- 99T°0 v8'SLT €80 =1\ asxy
ease % sease % sease eale % sease % sease
ajoym u sease ‘9seasdap  paseasnadp  ‘aseasnul aseasul ajoym ui sease ‘9seaidap  paseasnap  ‘aseasdul  paseasoul
sduassylq 9SueyooN  |euoiSay  jouonlod  [euoiSdy  jououndod | Sduasaylg dSueyooN  |euoiSsy  jouopdod  |euoiSey  jo uoundod
S'8dJd S'vdOY pouad Xapu|

43

JOURNAL OF CLIMATE CHANGE SCIENCE

NO.9-2019




€0'99 0000 oo'ce- ¢00°0 6269 8660 LEEY 0000 T1°€c- [440N0) €9°'SY 860 44
LYY 0000 29'0¢- 0€00 14°%3% 0460 ¥0'8¢ 0000 6°LT- 8110 [44512 880 4N
SS°0T 1000 ocee- 8¢€E0 ET'Le 1290 vyec 0000 vece S1T0 60°0¢ 5880 =1\ aexy
6C'€9 0000 S0'¢e- ¥00°0 ¥S€9 9660 Teov 0000 v0'¢e- 8€0°0 ey 2960 44
69°'G€ 0000 19°0¢- 6900 €9°0v 1€6°0 L9°€C 0000 19°0¢- L9T°0 18°€e €€8°0 =1
'L 1000 LV EC vLED 009¢ ¥29°0 ¥9¢1 0000 69°0¢- ¢8C0 Y92 LTL0 3N atxy
0LT9 0000 98°€¢- 000 8’19 966°0 8L'1S 0000 86'8¢- L10°0 SY'ES €860 44
[408<17 0000 v6'Se- L20°0 aT'Ly €460 e 0000 68'v¢C- 800 68'LE (44540 =1
6€v- 1000 §SS°CC 0450 69°¢¢ 6¢'0 VTS 0000 9T'G¢- S89°0 T9'v¢ STv'o =1\ wwocy
8T°09 0000 88'9¢- 000 8T°09 8660 [4 WA 0000 LS'EC 1000 9699 6660 EE|
oT'€es 0000 vS'T1¢C- €000 LTES L660 89Ty 0000 e 2000 80'¢y 8660 =1
[4: X 44 0000 1CTC- v0°0 0€°s¢ 966°0 90°€¢ 0000 L8°8T- T1S0°0 9,°6¢ 61760 3N wwoTy
vo've 0000 TC'8€- 870 €9°'SY 81,0 ¢C9e 0000 80°G¢E- LTT0 €e9Y €480 44
81'€E 0000 6SvE- TST0 1044 6v8°0 v'1e 0000 99°vE- 8vT°0 99ty S8°0 =
ST'TC 0000 €6°9¢- 1/4T°0 65’1V 6¢L0 06'9¢ 0000 06't€- 6410 €60V T1¢8°0 =1\ amd
S6'81 1000 e €900 SL'TC 9€6'0 v8'€ 810 0C'8- 810 10’6 9€9°0 44
99'8 Tv0°0 €€l €¢C0 ¥0'ST 9€L’0 SE'e LECTO ¢e9- €80 S6'T1 08¥°0 =1
8L¢E VEV'0 €9 8¥0°0 v6'L 8150 89°¢ 8vE0 S6°G- 9¢T'0 L8 9250 =1\ aao
ease % sease % sease ease % sease % sease
ajoym ui sease ‘9seaidsp  paseasnsp  ‘asealdul aseasul ajoym ui sease ‘9seaidap  paseasnap  ‘@seasdul  paseasoul
sjuassylg 9SueyooN |euoiSsy  jouonlod  |euoiSey  jououndod | Sduaseylg SSueyooN  JeuoiSsy  jouondod  |euoiSay  jo uondod
S°8dJd SvdOY pouad Xxapuj|

S92IPUI [[ejure. SWBIIXa Ueaw Jo Aous)sISuo) “6 a|qeL

JOURNAL OF CLIMATE CHANGE SCIENCE

NO. 9-2019

44
—



2InINy Je} 44 ‘aniny S|ppIW Al ‘8nIny Jesu 4N Jewsy

99 0000 000 0000 €L°69 000°T €9°€S 0000 SCTC- <000 €9°€S 8660 44
§9'8Y 0000 0G°0¢- 000 €09 9660 LL'6€ 0000 LE'ST- 800°0 eeoy 2660 4N
LTEC 0000 veTeE- TST0 0T9€ 6180 19'v¢ 0000 09°ST- 8000 9¢€'ae 660 =1\ 101dJdd
¢L'69 0000 00'T¢- €000 G299 L66°0 '29 0000 00°S¢- S00°0 0,29 5660 EE|
cv09 0000 vTLT- 1000 or'8y 6660 €0'¢S 0000 €6'VE- 100 90°€S 9860 =
82'9¢ 0000 18°€T- 6100 v6'€C 1860 96°L¢ 0000 €9°0¢- €vTo LEBE LS80 3N 1as
08'1S 0000 80'6¢C- €100 SY'ES L86°0 N 0000 rLe- 8570 G.°9¢ [47A0] 44
181 0000 L6'6C 99¢°0 L9°9€ veL0 €6'S 0000 cv9e- 9EY'0 6T'CE 7950 =
91°¢ 0000 10'L¢C- 9/v°0 98°L¢ ¢s0 99°G 0000 18'S¢C- Ay 8¢€'1¢€ 9650 3N 14564
0099 0000 L9°¢¢- €000 ¥2'99 L66°0 8G9'GY 0000 98°€¢- €700 00°LY £86°0 EE|
0S'vv 000°0 1€0¢- 9700 v8'sy ¥86°0 ¥8'1¢€ 0000 6C'ST- 0900 y9'sE 6€6°0 =
8811 1000 0L'0¢- 8€C'0 88°S¢ T9L°0 1 AT4 0000 ¢9'6T- 6500 68'6¢ v6°0 =1\ asxd
eaje % sease % sease ease % sease % sease
ajoym u sease ‘9sealdap  paseasnnap  ‘aseasdul aseasnul ajoym u sease ‘9seasdap  paseasdap  ‘aseasnul  paseasdul
souasayld 98ueyoN  |euoiSay  jouondod  |euoiSay  jouonlod | souaseyld SSueyooN  |euoiSsy  jouonod  |euoiSay  jo uondod
S'8dJY S'vdoY polad Xxapu|

45

JOURNAL OF CLIMATE CHANGE SCIENCE

NO.9-2019




€e'ee 0000 0C'LT- 1400 9g'9¢ 6¢6°0 08'TT 0000 S8°ST- 92¢0 8T'v¢ ¥.9°0 44
€Sl 0000 9¢'9T- Svco €6'7¢ SSL°0 91T ¢00°0 99°/T- T6C°0 v'ee L0L0 =1
[4°h% 0000 80'81- 09%°0 09¢¢ 0vso 5’6 2000 08'L1- T¢€0 8'T¢C L19°0 3N aexy
244" 0000 6L°0¢C- 0ceo 099¢ 0890 S8'ST- T00°0 ¢9'¢e- 2980 9T'q¢ 9€T0 44
T9v- 0000 6T'TC- G€9°0 LTee G9€°0 S6'TT- 0000 veTC- 8LL°0 8¢€'61 (4440 4N
09°GT- 0000 SSve- L18°0 ocee €8T°0 €L V- 0000 ocee 180 CE'TC 88T°0 =1\ atxy
06'LT L20°0 ¥9°CT- 900 scoc L68°0 617'€T 6100 986~ vST°0 ¥6'9T LT8°0 44
€eL .00 9.8 TLC0 86’11 G59°0 299 6900 89/- 86¢°0 96°¢CT €90 =1
LL'T 88¢C°0 S8/~ €T€0 ol 66€°0 ey 98170 LLL- 9€C0 0S'TT 8/5°0 =1\ wwocy
09°¢ 0s00 88'8- SSE0 9€'8 S65°0 16T SY1°0 €0°L- 9ve0 WL 6050 EE|
0€'C 0T€o vi'L- ¥81°0 ST'L 9050 €6°0- LLT'O cL'9 0¢s0 L0L €0€0 4N
LO0T- LOE0 ¥8'9- €EV0 66°S 0920 [40 LSTO 81'9- 8920 v8'L S/S°0 =1\ wwoty
€8°'LT 0000 0S'T¢- 9€C0 €4°8¢C ¥9L°0 €C'SC 0000 €9'T¢C- 070 ¢Loe 5680 44
8G°LC 0000 vL6T- 6600 8E'EE 106°0 T9°€¢ 0000 cTee- 6¢T0 T.°0€ 1480 =1
8L'€C 0000 88'T¢C- 1¢T°0 v1°0€ 6.8°0 16'S1 0000 €L°8T- 80¢°0 8L°S¢ ¢6L°0 4N amd
16'L /00 066~ 0010 711 6¢80 G999 €800 29'9- LET'O ST'oT 08.°0 44
LcL L1700 90°L- LLTO VTl 9.0 80°¢ 6¢C0 SL'9- 9.¢°0 19'8 S6v°'0 4N
18'C SES0 0T'9- 00 05, vevo 8C'C ovco 98°'L- 9420 €06 7050 4N aas
ease % sease % sease eaje % sease % sease
ajoym ui sease ‘9sealdap  paseasnsp  ‘aseasdul aseatoul ajoym ui sease ‘9sealdap  paseasndsp  ‘Osealdul  paseasdul
2dualaylq asueyd oN |euoiSay Jo uonod |euoi3ay jouonuod | aduasayiq dsueyd oN |euoi3ay Jo uonuod |euoi3ay J0 uonuod
S°8dJoy S'vdoY poliad xapu|

S92IPUI [[eJUre. SWBIIXS UOGRIASP pJepuels Jo Aoualsisuo) 0T a|qeL

JOURNAL OF CLIMATE CHANGE SCIENCE

NO. 9-2019

46
|



aInny Je} 44 ‘ainIny sppIW Il ‘8JnIny Jesu 4N HJewsy

L6'6T 0000 09'8- S00°0 '8¢ S66°0 vET 0000 L6°0T- ¢80°0 v6'€C 8160 44
0S'TT 0000 0€'¢T- S80°0 60'9¢ ST6°0 L6V ¥00°0 60°€T- (4% 79’81 S88°0 =1
vZo L00°0 6911~ T4 T4 8€L0 0’6 1000 8Tl LTT0 44" e8L°0 4N 101d04d
00°6€ 100 18'6- 9700 0€'0¢ 0460 §8'TC €000 €9'8- viT'o 0591 €880 44
I4AAT4 VET'0 8¥'S- TL0°0 S6'v1 S6L°0 [431" 800 €0°8- 18C°0 6€0T GE9°0 =1
S6°0T ¥0C'0 6€L- 8EV'0 L9°6 8G€0 €0°CT 600 T19°9- (AN 88’11 8180 3N 1as
€6'7¢ <000 VTt ¥80°0 69°/L¢ 160 10°0T 8000 Tect- G920 €9°LT LeL0 44
69°GT €000 €L°C1- LTT0 SLTT 08L0 ov'et 9000 1¢°0T- 91¢'0 ve8t 8LL°0 =
[4%4" L00°0 SV'TI- SLC0 9v'0¢ LTL0 L8VT 9000 vS'1T- 6TC0 €8'TC SLL°0 =1\ 1dS64
0S'8€ 0000 0G'9T- €00 €9°6€ 9960 ET'ec 0000 SV'LT- 6¢1°0 §€'8¢C 1/8°0 EE|
STve 0000 6€'ST- 800 8¥'LC 8160 ¢Loe T00°0 8T'LT- €IT0 €0°S¢ 9880 =1
veSt 0000 ¢L9T- o e 9.0 ov'LT 0000 0L'LT- 9970 veve €80 3N asxd
ease % sease % sease eaje % sease % sease
ajoym up sease ‘asealdap  paseasnap  ‘aseasnul aseasnul ajoym ui sease ‘asealdap  paseasnnap  ‘@sealdul  paseasnul
souasaylg 9SueyooN  |euoiSey  jouondod  |euoiSsy  jouondod | ddouaseyld dSueyooN  |euoiSsy  jouonod  JeuoiSay  jo uondod
S°8dJoy S'vdoy poliad Xxapuj

a7

JOURNAL OF CLIMATE CHANGE SCIENCE

NO.9-2019




I <50

- I s0- 100

o2 101 - 120
% 121 - 140
B 141 - 160
-0
[ 161 - 180
-5 [0 181 - 200
[Es1-60 201 -220
et 221 - 240
D"’W 241 -260
Els-% 261 -280
[J281-300
91 - 100
[ 301 -320
- 0 [ 521 - 340
[ 341 - 360
361 - 350
. > 20

=<sa
80 - 100
— e R
=2"3° [ 141 - 160
31-40 [ 161 - 180
[ 41-50 181-200
: 201-220
%Z:-x [ 221-240
-8 [ 241-260
[J261-280
Elsi-90 [J281-300
B o1 - 100 [ 301-320
00 [ 321 - 340
[ 341 - 360
[ 361 - 380

20

(d) BC CWD unit:days (e) BC R20mm unit:days (f) BC RX5D unit:mm

Figure 3. Comparison of CWD, R20mm and Rx5D between observed and bias corrected indices

a) CWD under RCP8.5 (e) R20mm under RCP8.5 (f) Rx5D under RCP8.

Figure 4. Changes in mean of CWD, R20mm and Rx5D indices in near future period
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(d) CWD under RCP8.5

(e) R20mm under RCP8.5

(f) Rx5D under RCP8.5

Figure 5. Changes in standard deviaBon of CWD, R20mm and Rx5D indices in near future period
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Figure 6. Changes in mean of CWD and Rx5D indices in all periods in 9 group river basins

JOURNAL OF CLIMATE CHANGE SCIENCE
NO.9-2019

|| 49
| ]



(d) CWD under RCP8.5 (e) R20mm under RCP8.5 (f) Rx5D under RCP8.5

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

d) CWD under RCP8.5 (e) R20mm under RCP8.5 (f) Rx5D under RCP8.5

Figure 8. Consistency in standard deviaBon 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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