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Abstract

This study proposes the framework to select the representative general circulation model (GCM) for climate change projection. The
grid-based results of GCMs were transformed to all considered meteorological stations using inverse distance weighted (IDW) method
and its results were compared to the observed precipitation. Six quantile mapping methods and random forest method were used to
correct the bias between GCM’s and the observation data. Thus, the empirical quantile which belongs to non-parameteric transformation
method was selected as a best bias correction method by comparing the measures of performance indicators. Then, one of the multi-criteria
decision techniques, TOPSIS (Technique for Order of Preference by Ideal Solution), was used to find the representative GCM using the
performances of four GCMs after the bias correction using empirical quantile method. As a result, GISS-E2-R was the best and followed
by MIROCS, CSIRO-Mk3-6-0, and CCSM4. Because these results are limited several GCMs, different results will be expected if more
GCM data considered.

Keywords: General circulation model (GCM), Quantile mapping, Random forest, Bias correction, TOPSIS (Technique for order of
preference by similarity to ideal solution)
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Fig. 1. Locations of meteorological stations used in this study
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2 Aol A= D D] o] EAoh= 4709 GCM<S
A7t A A GCM 2] JH = Table 137 Z o}, A=
GCM R3-2 R Az o|m Ax}F THA-2 1.40000 4 3.75°
2 Ax7E A 8= 2F 100~370 kmO|th GISS-E2-R-S NASA
(National Aeronautics and Space Administration) 4] TH&
o]Z GCM L 2 71Z2] CMIP3 9] GISSE 7], s, s,
57 EATE 07} 7HE AT, CMIP5 ol A= 3 5485}
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Table 1. Information on four GCMs used in this study

Modeling centers Models Institutions Resolution (longitude x latitude)
GISS GISS-E2-R National Aeronautics and Space Administration 1.88° x 1.86°
CSIRO-QCCCE CSIRO-Mk3-6-0 Commonwealth Scientific and Industrial 1.88° x 1.86°
NCAR CCSM4 National Center Atomospheric Research 1.25° x 0.25°
MIROCS MIROCS Atmosphere and Ocean Research Institute 1.41° x 1.41°

FERFGISS 232 H o] Fsto] thet 7] 29] §E-3(Shindell
etal.,2006)7} T 7] @ @3} 7] 5 EA S} Ato] o] A =l
= 1tK(Shindell ez al., 2012). CSIRO-Mk3-6-0+= 35 v
5} A 9717 (Commonwealth Scientific and Industrial
Research Organisation) 2t S E 7] HS}F A EY(University
of Queensland Global Change Institute) |4 55 751
o, t7] 44 847F1.99x1.9°9] 18 S E 71| AL 9
T}. NCAR (National Center for Atmospheric Research)<
1960 ]| = 3}8H2H(National Science Foundation)2]
SF 2 730 AFY O 2 AIZFE| QT 0] % CCSM4 (Community
Climate System Model) A| 2] 2& 7J¥5t3th E5FCCSM4
= A 7], s, 2 BH W o] AlEeol o] 7Hs Rt
47}2| 0] HH o 2 S/ E|of gl ow 2|51o] wkA, dAY, 1]
2] 7] el et 22l A5 3 5= Y= GCM
o]t} MIROCS (Model for Interdisciplinary Research On
Climatey= Y2-0] T T tjjg} 713 A|2~8l L4 The University
of Tokyo Center for Climate System Research)2} =5 £t
& L4(National Institute for Environmental Studies)ol| 4] 7}
HekoiT Tk 7|9 HdQI MIROC3.2E Tt} 7| £8H4 &
JolM= w3t 53] e, th 7], siA] B2l Al
7Rdo] =] At TRt vheket ui 7 7 Al A2k mEo]t}
(Masahiro et al., 2010).
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2 AIsle] 2918 EEske Fel2el HEo R A vl
S| oAFE A BA| ol 28 E] 17 QItk(Shiha et al., 2007;
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gttt 2 Aol A IDWE A-83t o= 74 7liEol
S, A7t 77k A Y5 TRl 7 e E L
(Tobler®] A 1] 2]), FF2 0 & AR &= 57 AR U
o]7] whZo]th(Yu et al., 2015). T3 -7 H 7S 4385}
2 GCM Al O FAL o} A5 0] B = A eh 2ol 7} &
Afet=d o] 2|2t 2fo] & o2kl gt i Aol A= o] 2

gt HolE HAgsH] 1o RS} thefet 671412l QM <
_”I
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L3 Ao EstA -8 olgkth(Longley et al., 2005).
E3H DW= A7 7R 214 2 3hol AdiE e &2 A7t
i 27 o] ZrE T /o] = TH= Tobler] 2 HA] 5 2]
TASIAL Qlek IDWA= ZH2e] T2 23S 7|Hte 2 x|
O] gk Al Sdh= Aotk 2 Aol A uAIS X H 2] F4=F
2 Z7d5H7] $19l Eq. (6)= AF&-atAtt. gt 72 E At
Jot=tll oAl Eq. (7) o853t 721 E APg S o
Shepard 1S AF8-5H 21 D] 2|4 C2] W Q)7 0~ 1A
°]9] grS 7HAH HAH 0 2 glo|g] o] /o] F7| HILE]
o, 1 Hoh 3 B0 A Ba7} g/ Bk 2 Aol A 9]
3l 2174 2] A7 7|% 02 F4guhS mielelr] flete] 2|4
ol 1:2 sttt P= rAIS A9 9] ZFeaolH, Pi(x,)
L ujAE 2o FH GCM Bg Q] AL ot w = 1
L 7REA0IM, D, , = F AAREE] Agelth

-~ (6)

(7

2.5.2 Random Forest B

| GCM 25 9] F1H Aot o = mAlefy 7|9
Z 5htel RF B o] S5 28511 Itk Pour ef al., 2016;
Sa’adi et al., 2017; Pang et al., 2017). RF W52 of 2] 7)o oA k4
A ETES 9lo]A 0 & S} A] 7| HHA o] oFAlE vl o] o]
ARELE %L** Sh= ot Al 48 HEZF 7= e
=5 —L—Eﬂ*E A= /=] ATt S RF
SRt ooll A EdelA A-8-5 11 QL
. ﬂ%bl z7)ol= E‘r%‘ Ealiﬁyélﬂoi AP ot o] %

random subset®] E=AE O] AJ5o] FAEATHAmit and
Geman, 1997). RFS] 24 Eg|= A2 X2 o|RojA LEE

JﬂLedge o] Mgto 7 LAt} o]t Ea] 4] AAH A
255 = o] Qlo] A5 of B A E PR A
5 fﬁdﬁi’ioﬂo}cﬂ A8 = glom, BAeh 2A)| 9] A%
S5 Hlo|g 25 e Eg] Lol uj/fHSE 2150 2 k53l

2.5.3 Quantile Mapping &

P\Fst R o 2 YAshd AREL Gt oz
A TS 2 Aol S Btk o] 2fgt 2ol g By} ¢
A FASH Hgh T= QMo Ho] A=A QITt o WS

of] 71x] Q4 24 4 % shole] A4 712 gl mo) grol
Aolg FoiFLd| QlolH 2 AiE Holch pEge] Bu

o} elshr 2 Bojx] o] HES w57 SIah Mg (T
BOgH)E 2 B o2 ANHE 0 2 Eq. (8)7 2Tk,

P() = h(Pnl) (8)
A71A, Pre BEZFE, Pz GCM O] ROZ-- 30 H e

Eq (9)9,]. 7?0] LE_

OI7IA, o Pyl AR BIIRHROIT, £
210w @olck

(Wood etal.,2004), 7] = Ol:oﬂ/\‘u—r_ GCM—/] P-_—/] e A=
gholl 5| 27571 f1ohA B SEA] ARS-E] o} eh(Grillakis
etal.,2013). QM2 T =~HSPH (Parametric Transformation,
PT), H| 2 HSPH(NPT), 2274 HeHH(DDT) 2.2 742
& 2 Oq?‘oﬂ/q = ol L5 ARSIk

I:H_‘;ﬁ_
H=2=

R ‘_Q' S 7P EESHA AR EL = QM o R
linear, scale, power, Z]?—@Eﬁ‘ﬂ%% “(exponential asymptotic
transfer function, EAT; Piani et al., 2010) W5S0] Wo| AME-
Elojgieh 2 Aol A= EAT ®H-S AMSSHAET EAT
-2 GCM O] 7 T o)A wto] el 291 eh PrEg1o] Wl i 9
Ato]o] BAIE Eq. (10)2 Zo] E&3teh. T3 e 5
ILZA A 0] 7Hs5HH, ThSHA| 3w A Rt vl R 7
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H WS off A4gs] fARE 23S AAgeH(Dosiom and
Paruolo, 2011).
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P =(a+bxP )X(l—exp(— T"")) (10)
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H| 2= sHH o]l = 73 A 2§ (empirical quantiles, EQ),
robust 3|74 H(robust regression, RR), 25221 HEH
(smoothing spline, SSPLIN)©] T2 © & AFS-El =0 2 ¢
TollA= o F BF ARESEITE EQE TEA GCMofA =
Ol e 7hel AP A FAREGTE YA A HEHA7]
= 1Holct RR W2 =41 1 041 9] quantile-quantile
plotoll A TEgholl th-8-5h= K)o gha 2] A 2] )
% 3] A4 (local linear least squares regression)< ©]-25}
of QMg A 0 2 F7d5h= o]t} SSPLIN-S ¥H52]9} 1.0]
A7 ATo] €] quantile-quantile plotof] et ASa+21 23
= S 5lA AHg-she Wi olrt. ofwj KojghE H A5t
St

W

=
et R g Fgote] AL,

i/

3) =27|4F ek

Bol A S Eq. (NS B4 e d el B
450l A48 4 ek o] HTWL B 9% Y

Sh=g] wo] Al-&=]o] £Fth(Ines and Hansen, 2006; Li ez al.,
2010; Piani et al., 2010; Gudmundsson et al., 2012 ). &2 A=
o= 7F4 B 1 o]of| 2}t Bernoulli-Gamma (BG)2} 7
FeFo] SRR L B of] 233t Bernoulli-Weibull (BW) &
IZS ARESI 7H Eo] AR8-E]= Bernoulli-Gamma 32
= F3-E Bernoulli®} Gamma 232 2] Aot Fef 2 75kt
At Bernoulli 3= 749 1Y o] -5 A7ok=t| AF8-=] 11,
Gamma 3= 2 % shape) 2 115 (Scale) 4-E ©]-8-51]
73 Fe FAHEE F]o] Utk Weibull 2= 739 =

&

S B ol=t] &5 AMEE B2 Bernoulli 22 A5HH
Fe & ghls] A% Q1T Cannon, 2008; Cannon, 2012).

2.6 7} 2|4 U W
2 o] A5 Geme] sl Tl 741 Stsi
%6719 7R S A sleirh B7PHE Mean Squared

error (MSE), Root Mean Square Error (RMSE), normalized
root-mean-square error (NRMSE), Percent bias (Pbias), Mean
bias (Mbias), Nash-Sutcliffe efficiency (NSE)S AF-&5F31.©.
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MSE&= GCM 9] 73t &7 e Aol 9] @ 2o] B
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S 5h=tl Bol ARG E AT e Fof A @ H|
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(precision)E YEHH =t A ekshH, Algel7tobd = o
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o 2 yepdich= 2 o] 9121, sum squared error@} H] S5}
of RS BIsk=tl 7 g e AR E = Aol eh Egt
RMSE+= 2|tigte] Adeto] §lat, 37t o™ et =
242 A= 02 & $-H3HKDawson ef al., 2007). NRMSE
= RMSES TEA] Bal 0 & o] 2ba O] 7 2lo | 5 A A
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F0] P2 A7 e vE L, S5 g2 ATt
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Table 2. Description of performance indices used in this study

Indices Formulas Variables
MSE | MSE = %E (x,-x,)
i=1
RMSE | RMSE = ,/%E()g -X,)
i=1
NRMSE % (X=X,
NRMSE = ISk
X, X,= GCM data
n X = Observed data
pa (X, - x,) n = Total number of
Pbias | Pbias = 1_1"7 data
;Xo X, = Average of
. observed data
X — X
Mbias = 1( »~X)
Mbias =
n
DX - X))
NSE [NSE=1—""

X, -x)

i=1
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Fig. 2. Probability density functions of seasonal precipitation by bias correction methods: Case of Seoul

Table 3. Performance indices of bias correction methods

Performance Parametru': Non-Parametric Transformation Derived Distribution Transformation

Transformation (NPT) (DDT) Random
(PT) Forest
Measures EAT EQ RR SSPLIN BG BW

MSE 2x1073 2x1077 9x1073 5%x1073 2x1073 939x 107! 1.5%x1072
RMSE 3.7x 1072 4x10°* 93x 1072 6.8x 1072 391072 9.36x 10! 1.19x 107!
NRMSE 1.03x 1072 1x10°* 2.58x 1072 1.89 x 102 1.1x1072 249 x 107! 33x1072
PBIAS 9x107* 2x%x107° 26x%x1073 32x%x107* 1x107* 43 %1072 6x1073
MBIAS 32x1074 -1x107* 93%x107% | -1.13x 1072 3x1074 -1.56 x 107! 1.99 x 1072
NSE 5x107* 5x1078 26%x1073 13%x1073 7x107* 2.69x 107! 42x1073




344 Y. H. Song et al. / Journal of Korea Water Resources Association 52(5) 337-347

I EQ o] E A FoA 7Y 45t A E] 9o,
PT-EAT®} DDT-BG ol A= HA} F-2of| 4] 9] Pbias®}
Mbiasol| A= v]A|5H] DDT-BG7} 9hA 2|9t @ 2|8 HEo]

MSE, RMSE, NRMSE, NSE|4 = PT-EAT7} 50| 94

ik 5 712]9] 7 W& vl Wk o 6712 2|72 Jﬁ%’ﬂ*i
= PT-EAT7} & HA = 517 YEFt 2l DDT-BG7HA
HA| 2 951 LrERG T T3 SSPLIN B 7 RR B

A% SSPLIN ¥ o] RR R H ot @ 28 FRo A= 45
o] 2|9t M} B Ho|| A RR HH o] o] 27 Uit
SSPLINY} RRE H| 251 ] 67119] A 22] Hatoll M

Seoul(Spring)

0.5

Glss
CCsmM4
CSIRO
MIROCS
Observation

04

03

Probability Density
02
L

0.1

)
)
w
~
o 4
o

Precipitation (mm/day)

Seoul(Fall)

025
I

GISs
CCSM4

- CSIRO

« A MIROCS

< Observation

Probability Density
0.10
1

0.05
I

0.00
I

T T T T T
0 2 4 6 8

Precipitation (mm/day)

SSPLINO] o] 255 UEhdth th2-© 2 = RF, DDT-BW

0 2 Yepth £ 0 2 B EQ W o] ILE A HoflA
7}%} e HH o 2 AP E|Gl oW, DDT-BWE Al 2Jet
2] 7152 AA] JE3L} 2fol7F A A YT

3.2 GCM2| ‘4587t

71 A50] 245 NPT-EQ S
H GCM E:-'i s skt AdE R
ol ti et EHE-E E F<(probability distribution function, pdf)
E ARt A3t= Fig. 33 2t

ol g5}l Holx

g
QWA

Seoul(Summer)

GISS
CCsm4
CSIRO
MIROCS
Observation

0.12
1

0.10
1

0.08

Probability Density
004 006
Il

/

5 10 15 20
Precipitation (mm/day)

Seoul(Winter)

clss
CCcsm4
CSIRO
MIROCS
Observation

0.8

0.6

04

Probability Density

02

0.0
I

T T T
05 10 15

Precipitation (mm/day)

Fig. 3. Probability density functions of seasonal precipitation by four GCMs and the observed data: Case of Seoul

Table 4. Results of performance indices of four GCMs for 22 stations

Index i CCSM4 CSIRO GISS MIROCS
MSE 7.6x1077 9.5x1077 3.9x 1077 8.8x 1077

RMSE 6.9x10* 74x107* 46x107* 73 %107
NRMSE 19x107* 21x107* 13x1074 20x107*
Pbias 2.7x107° -1.8x 1077 -15%x107° 2.1x107°

Mbias 9.7x107° -6.1 %1077 52x107° -8 %1077

NSE 21x1077 3x1077 1.1x1077 24x1077
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Table 5. Priorities of GCMs by 22 stations based on performance indices

GCM CCSM4 CSIRO GISS MIROC5
Location Value Rank Value Rank Value Rank Value Rank
Seoul 0.000 4 1.000 1 0.995 2 0.973 3
Incheon 0.000 4 0.306 3 0.990 2 1.000 1
Chuncheon 1.000 1 0.000 4 0.020 3 0.550 2
Ulleungdo 0.000 4 0.973 2 0.524 3 1.000 1
Gangneung 0.000 4 0.955 3 1.000 1 0.990 2
Sokcho 0.503 2 1.000 1 0.290 3 0.000 4
Cheongju 0.001 4 1.000 1 0.928 2 0.142 3
Chupungryeong 0.200 3 0.000 4 0.998 2 1.000 1
Seosan 0.963 2 0.000 4 0.630 3 1.000 1
Daejeon 0.971 1 0.948 2 0.651 3 0.091 4
Jeonju 0.001 3 0.000 4 1.000 1 0.005 2
Gunsan 0.000 4 1.000 1 0.691 3 0.885 2
Gwangju 0.976 2 0.769 3 1.000 1 0.000 4
Mokpo 1.000 1 0.000 4 0.848 3 0.850 2
Yeosu 0.992 2 0.433 3 1.000 1 0.000 4
Pohang 0.322 3 0.000 4 1.000 1 0.419 2
Deagu 1.000 1 0.000 4 0.999 2 0.794 3
Busan 0.001 4 0.995 2 1.000 1 0.126 3
Ulsan 0.610 1 0.520 2 0.507 3 0.332 4
Tongyeong 1.000 1 0.921 3 0.000 4 0.999 2
Jinju 0.988 2 0.102 3 1.000 1 0.003 4
Jeju 0.697 3 0.000 4 1.000 1 0.997 2
Overall 0.467 4 0.496 3 0.751 1 0.529 2
2 AT 71 TEA 22700 A Ao A Helw gt 3.3 MAFEYe M MY
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