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ABSTRACT

In this study, a grid—based bias correction method was developed to calculate
the climate application index using CORDEX-EA regional climate change scenarios
as a part an improvement in the infrastructure of technology used to apply climate
data and the expansion of the APCC information service. For this purpose,
CORDEX-EA climate change scenario data was converted to a 0.5 degree rectilinear
grid. Daily historical, RCP45, and RCP85 for three regional climate models
(HadGEM-RA, RegCM4, SNU-MM5) were used. Precipitation, surface temperature,
maximum/minimum temperature, and relative humidity were selected to calculate
the climate application index. Daily grid observations such as precipitation,
temperature, and relative humidity were needed for grid—based bias correction using
QM (Quantile Mapping) and calculation of the application index. Global observations
in the form of daily grids were generally provided only for variables such as
precipitation and temperature. Therefore, we compared the grid-based observations
with three different reanalysis datasets and selected one to replace with observations
of precipitation, temperature, and other variables. Using the grid—based observations
(CPC unified gauge-based analysis of global daily precipitation and CPC daily
maximum/minimum temperature) and the MERRA2 reanalysis data for QM, nine
climate application indices were produced using the bias—corrected RCP45 and

RCP85 regional climate change scenarios.



Y

C L | M A T E c E N T E R
L 1
297 Mg A 2

N L 2
2.1.1 CPC & & TH2A Xf@ oo 2

2.1.2 CORDEX-EA 7|23t AlLU2|Q X2 ---------- 5

2.2 R 8
2.2.1 055 Rt RER BBt ommmeem oo 8

2.2.2 HOIRH - 11

2.2.3 7IBEBRIR ------ooooommreee oo 13

3 I 16
3.1 AN 78 HE Az AES flet M2 Az 4 - 16
3.1.1 CPC &% &= M2 A= Bl &4 - 16

3.1.2 CPC /2|2 #&0 M2M Mz Hlu 24 --20
32 CPC &#=1t MERRA2 Mz4 A=E 0l&et HO|EH

3.2.1 CORDEX-EA X|[F7|2te}l AL=|2 Xt=zo| HOIEY



32.2 CPC 5T MERRA2 TH2A KRS 0f23
| RO -------mmoommno oo

33 HO|=&E CORDEX-EA XIoP |53t ALZIOS
=
3.3.1 SO0} K|} ETCCDI 71§ Kfge---m--mmmmmmmmeae-

33.2 SOMAIOF X[ £OBH T|SBERK: oo -ommoo-

| 2=
. CPC B K22 023t M0l 20| tht o)

/|2 EENR

2. MERRA2 X224 X2 0[g3t
=

[E
=
&
1IN
=l
S
=
3



Figure

1.

Figure 2.

Figure 3.

Figure 4.

Figure b.

Figure 6.

Figure 7.

Figure 8.

Figure 9.

Figure
Figure
Figure
Figure
Figure

Figure

10.
11.
12.
13.
14.

15.

= x

=3

MERRA29| &= BF L1125 S8 (source: Reichle et al. 2017)------ 4
Z B8 L2iE9] 2HA0M S49| 2¥E MERRA2 25 M52 T 1HA0IM
ZF0iX[= 7kE%| w (Figure 1 &) (source: Reichle et al. 2017) - 5
XN |S2H M2ES St CORDEX-FA G -----mmmmmmmmm oo 6

LMZHRI9| CORDEA-EA Al=E 0.5= ZRIAKZ HHeH@IT: 139 x H=: 163)- 9
Quantile Mapping &8} - 12
St A 20f0] 7[RSERK G (a) H=7RKCP), (b) 2KV RAR(MTCI) - 15
HXIF 2 SO0 XS0 tigt CPC &%= &5 A=t MEA At=o| 7|=4f

HIZ(1980~ 2005 71ZF S -----n---mmmemmmemmo oo 16
SOFAOF X[H0| THet CPC 2= 25 A=t MM A= TCC % RMSE Hlw
(1980~2005 7|ZF Sy ----mmmmmmmmmmm oo 17
CPC &= &= M=% MEA 4+ A=2| SO0t XIF TCC & RMSE ek
HI(1980~200B85 7[ZE SO -----n--mmmemmmeemmnen oo 18
SOFAIOF |2 R AR| K|S ----mmmmmmmommmmmo oo 19
B2 M| KI2) AG CfE CPC 24 RIE L JH2A 24 RiZ oo 19
S Al XY BOf| Chst CPC 2 X2 ¥ MM U5 K- 20
S M X% CHl tigt CPC & Mz H M Z5 X - 20
SORA(OF X|0f| CHet CPC ZE 217|210 2N Mz 7|24t Hlul
(1980~20052 72 SO) -----mmmmmmmmmmm oo 21
SORA(OF K|S0 Tt CPC €28 2117|210 MEA A=2| TCC X RMSE Hlul

(1980~20052 72 SO) ------mmmmmmmmmm oo 22



Figure 16.

Figure 17.

Figure 18.

Figure 19.

Figure 20.

Figure 21.

Figure 22.

Figure 23.

Figure 24.

Figure 25.

Figure 26.

Figure 27.

Figure 28.

Figure 29.

Figure 30.

SOIAIOF KIS0 Chst CPC e 2AD |27t 2N X2 7153t BT
(1980~ 2005 7[Zk S +--ornsrmsrmmmrmsrmmorm s 2
SOPAIOF XIHOj Tt CPC 2 &X7I2 Kf=A| XI2O| TCC o RMSE I
(1980~ 2005 7[Zk SO ---srnsrmmmrmsrmrmorms s 24
CORDEX-EA 37} X1 [SRHO| ropa5 AILRIR0) Ciist T2 Fiat
CPC 5 XIZE 0/85t HOI2H & K20 T RO| --—-----wmmmmm 2
CORDEX-EA 37} XIS 2HO| rop85 AIL2IR0) Ciist Ho|=% Fiat
CPC 5 XIZE 0[5t HOI2H & K20 T R0| -+ --mvmmmmo 27
CORDEX-EA 37} XI%7[SRHO| ropa5 AILRIR0) Ciist T2 it
MERRA2 M4 XIBE 0I83H HO|Y 5 XIRO| TFgt H0| - 28
CORDEX-EA 37} XI%7[$2HO| rop85 AIL2IR0) Ciist T2 Xt
MERRA2 M4 XIBE 0I83H HO|Y 5 XIRO| TFgt H0| - 29

CORDEX-EA 31l XIH7|22=O rcpdb AlL2|L0] CHet CPC #EA=E 0f8%t
HOI2EL MERRA2 ME4 Al=E 0l&¢et HOIEE A= Hagl A0[----31

CORDEX-EA 3l X[/ |29 rcp85 AlLt=20] CHet CPC #EA=E Olgset
HOI2EN MERRA2 MEA Al=E 0|&8¢h HOI2E Af=9| Hdgl A10]----32

HadGEM3-RA QM _rcpd5 & QM_rcp85(0I2H7 [Zh2t MERRA2(XHA71ZhHe]

TNR, TXX RIOIE - 35
RegCM QM_rcp45 % QM_rcp85(0I21712Hek MERRA2(@ZA71ZS) TN,

L 36
SNU-MM5 QM_rcp45 2 QM _rcp85(0I217 1252 MERRA2(@ZA71ZS) Thin,
L U 37
HadGEM3-RA, RegCM, SNU-MM52| QM_rcp45 % QM_rcp85(0I21712het
MERRA2(ZZH7 D] R10MM RO[E----------mmommmmmommommooeeeee 38
HadGEM3-RA QM_rop45 % QM_rop85(0I47I2HH MERRA2(I171ZY

GDDE RIORE B BIG ---nnmmmmemmmemmmem oo 40
RegCM QM_rcpd6 % QM_rcp85(0I2H7[RH% MERRA2(ZI47IY GDDE| XI0FR
GBI oomm oo a1

SNU-MM5 QM _rcp45 & QM_rcp85(01217 [ZH2t MERRA2(24A717F) GDDE
RIOGE B I --nnmmommmomoemoom e 2



Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

1-1.
1-2.
1-3.
1-4.
1-5.
1-6.
1-7.
1-8.
1-9.
2-1.
Figure 2-2.
Figure 2-3.
Figure 2-4.
Figure 2-b.
Figure 2-6.
Figure 2-7.
Figure 2-8.
Figure 2-9.

c C L | M A T E Cc E N T E R
HadGEM3-RA QM_rcp45, QM_rcp855 AtSI0Y ME3 SP| Xfss----- 47
RegCM QM_rcp45, QM_rcp855 Aol AESH SPI Kfge - 48
SNU-MM5 QM_rcp45, QM_rcp855 AtS510] 4S8 SP| Xjgs - 49
HadGEM3-RA QM_rcpdbs AIEoIH ME6t gl 71238 e~ 50
HadGEM3-RA QM_rcp85S ARE510] &St 7Y 7|SSEX g - 51
RegCM QM_rcp4bS ALS5I04 A5 871 7|& S8R -~ 5
RegCM QM _rcp855 AIESHH A58 87 7|18 S8Re - 53
SNU-MM5 QM _rcpd55 AIE510] AE5H g7l 71888 K| - 54
SNU-MM5 QM_rcp852 AK2510] AESH 87l 7S84 - 55
HadGEM3-RA QM _rcp4b, QM_rcp855 AIZdH M=et SPI Klg=----- 56
RegCM QM_rcp45, OM_rcp855 AFEa10 AtESH SP| Kfge------------ 57
SNU-MM5 QM _rcp4b, QM_rcp855 AFSdIH &St SPI Kl -------- 53
HadGEM3-RA QM_rcpdbS AKZoI0] MESH 87l 718S&RIg - 59
HadGEM3-RA QM_rcp855 ARESI0] MESt 87l 71888 - 60
RegCM QM_rcp4bS AFE3I0 AESH 87 718884 ---------------- 61
RegCM QM _rcp855 ARESHH A58 87 71§ S&RIgr - 62
SNU-MM5 QM _rcpd55 AIE510] AE5H g7l 71888 XIgs - 63
SNU-MM5 QM _rcp855 AIZ510] AE5t g7l 71888 XIgs - 64



A P E C C L | M A T E C E N T E R
T Z2X}
Table 1. CPC &= % L& 2/ZAP|2 H#EARY| S o H AZ7[Zh--------- 2
Table 2. MEE HEA KiE G- 3
Table 3. CORDEX-EA KB AR --nomemmmmem oo 6
Table 4. CORDEX-EA 05 ZiKt KR $HBH-—-—-—-—--oomomomomomomomomommemmoo 1
Table 5. ETCCDIZ 778 =8t 712X E=R1mmel *HAL= ETCCDIQ AISAH EUC=
H7IM= 1mmE ARB) - 14
Table 6. 71RE8KIa BJAE ~--omomm oo 15



(A=

1. N2

Auk4 0 2 QM(Quantile Mapping)# -2 Ho|RY WP o &3} 50| 32 Ho}
oA < T 7|2 Ho] gigh 715} Aue] el e nd Augre HEAH
=gk} vlwste] ujF ol ghe TEAH o2 BASH= A Igof EWol ARgE o]
ok} o] Ao AL F=2|A 7|Hte] Ho]H o] o]Fo]H o]S YA H=A| A9
TSl 24 o 2 dQshA Hoh

I8 2 Ao T=AH 0z 0] Mg Io] obd 27| EHs) AluE| e &}

£ o]83t Axr|Hte] ujg FolAlo} 2|9 7|F-gEA|E AESY] Yo AR

BE ARE AGTA Gk el o) PRI of2] ZHGT AFsieT] A
05 ARE W7E R ofele Aolth ARINe] 71588 A%5 AE L 3

ol T8, 715HI} A2 0.0] Wl 5L SIsiAl 4 % 7] 2t ol
& A 95 Ak Basit digos U

a
Age A, 712 S0 Hol A8 AlSEAL ot wEbA AX7|RRe] B A=
A

TE%

N o> ol
AR EL

o

2 Ao ARG A 97|} Al 2= CORDEX-EA AEE 47 HedS
F2om 3o, Agd, A 59 ole 3 dekgo] Aoislel 7] A7l FERd
(HadGEM3-RA, RegCM, SNU-MM5, SNU-WRF, YSU-RSM)& ARg5to] A=H A
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| K7 2et ALRIRE 0get 2012 ORI 7[SEE S8k it 2= i & EE M5

2. 37 Xtz H Y
2.1 X2

21.1 CPC 25 & THEM Xtz

2111 CPC 22 2 A[1/57|2 BE X2

Ax FH Y AMTMsRE A4 A= Aol CPC(NOAA Climate Prediction
Center) Unified Gauge-Based Analysis of Global Daily Precipitation, GPCP
(Global Precipitation Climatology Project)) CMAP(CPC Merged Analysis of
Precipitation) 5°] 1t} CPC 7 Am= AR 052 Y¥ A&, GPCP F5Ata=
AAF 1= 98 A=, CMAP 4 AFme AT 255 ¢ 9 59 AR=E AldHh
2 AtollA= CORDEX-EA A|¥7| W3} AU @ w7t oF 50km S EE 71
A|719] CPC ¥ A IS AuE AMSSIGITh ERF < 2 11/3A7|29] Bfole=

CPC Global Daily TemperatureE AF&sttHTable 1).

Table 1. CPC &= & €8 2[1/ZP[2 #EA=9] St o H A=/t

Spatial Resolution

Data Name Variables (it x lon) Period Time Scale
Precipitation 1979.1 - present
Daily Maximum _
CPC Temperature 0'5(328 E %’8{66 1979.1 - present Daily

Daily Minimum

Temperature 1979.1 - present

2.1.1.2 M2 A=

CPC ¥¥ 75 % F1/3A72 #5 At AEA AmE v, Z457] #Isto
Table 29} Zo] ECMWF(European Centre for Medium-range Weather Forecasts)
9] ERA-Interim, JMA(Japan Meteorological Agency)®] JMA-55, NASA(National
Aeronautics and Space Administration)®] MERRA2 A4 AwE ARSI H|
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Table 2. AIRE MEM X2 &8

Data Name Variables Spat(if';lt Fle?cc))rI]l)Jtion Period Time Scale
s Precipitation, 0.75 x 0.75 degree _
ERA-Interim Surface (241 x 480) 1979.1 - present
Temperature, | g ga3 (543
JRA-55 D?Hy Maximum degree 1958. 1 - present Daily
Daily Minimum
Temperature, | 0.5 x 0.625 degree _
MERRA2 | Relative Humidity | (361 x 576) | 1o00- 1 present

URFARI A A AIA”IA AR = U719 712, Sk, v 52 IS A=t
9] AF=E3of Wt AGCM(Atmospheric General Circulatio Model)ollA AJAreIc,
T2yt MEERA2 EEojA At s A0 =5 ol A #5 Amss
AR8oto] HAo] EtkReichle et al. 2017). #F ARES AHEsto] EHH e
CFSR(Climate Forecast System Reanalysis) A4 AAEE AREo] EQ(Saha
et al. 2010; Meng et al. 2012), MERRA-Landoll%= AM&-=]tHReichle et al. 2011;
Reichle 2012). MERRA29TIA19] 7<= BALZ th7]-R|HE ot A AIARCR 4305
o, o|AL ISHE A7t TTARE B9 A 2A9Y 7123 Froll 9FE HIRA =L
oo & FA]9] 7|4t AmE AAsHA Heth

MERRA29] 74+ B dare)&E 2719 8 9A= €K Figure 1). ¥a8)&
1AM = A2l Slol AES DA A8 87-5= 5HF olste] Hadyt 33t
ARPEE AFsh] ffste] #5E 5 ARE ARPE 05° Amz AAlst
(downscaling)gtt}. o] TAoA 2E vid*(model background)2. 24 MERRA At
25 20149714 ARgskal 11 o]Fofl= GEOS-5 FP-IT version 5.9.1 AA=E ARE3I}
(Lucchesi 2015). 01X DE(E+= 5970 2 0.5°(F= 0.25°) ARt gt AAlStd]
Hj7Z4 7ol gt 5 7350 HlEE ALlE= B AL AREE BAE A
Z}#+= CPCU(Unified Gauge-Based Analysis of Global Daily Precipitation)@}
CMAP #Zo] dfsf =2 AREd ol MYHA EHedl, ofzert tisolss
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Figure 1.
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MERRA-Land Step 1 Precipitation *After 31 Dec 2014
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= e MERRA-2
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2.1.2 CORDEX-EA X|97|2tHs} A|LIE|Q Xt=

o

2121 X2 oig

CORDEX(COordinated Regional climate Downscaling EXperiment)= A4 7]
T A+t =2 I (World Climate Research Programme, WCRP)OA FA5k= 7|5
3} FFE7E & Aol B8 7hett LE A 7SS} AP RS ARESH | fIet
TAAGoTH. A ofH FLSt FHl tisto] vho] Froj7|EEo] ARt A7)
FHEE o]gsto] s B4bolal FA 0= o]&F 087t YES AIsto] HlH
AY 7150 Bt A &S B4atsl= Aol H&o|thhttp://www.cordex.org). &
Al CORDEXOA= 1471 A9 Fo= o] st Gl thsfl A 7| S HdhS AR
sto] A 7| S}t APAtRS AFEsto] B Foltt. ol Ejutolxe =H 7143
MRS F50 2 FolAlop PHQl CORDEX-FA A9 o Z(Figue 3) 55, A<,
A S o2 U tishso] Fojete] Fotrlor RS Ao, CORDEX-EA
A A7} AYARE A=s7t fls ARG 29713222 HadGEM3-RA, RegCM,



6 | Xl |2t ALRRIQS 0f85 20K OfEX|S 7|8 SEX M B I U Ae X

SNU-MM5, SNU-WRF, YSU-RSM®] 57 mdlojct, B AtofA= 7| AdukstdofA
HiEL 391 CORDEX-EA Y% Historical, rcp45, rep85 AaE ARESIATHTable 3).

Figure 3. X9V |222 MZS ?fet CORDEX-EA &4

Table 3. CORDEX-EA Alz 2|AE

Model Deta S e Period Time Scale

Historical _ 1950-2005

HadGEM3-RA RCP45 el o™ | 20062100 Daily
RCPS5 2006-2100
historical ‘ 1979-2005

RegCM RCP45 el )™ | 2006-2060 Daily
PCPS5 2006-2050
historical ‘ 1979-2005

SNU-MM5 RCP45 H‘Zﬁ'g%”tf'z%m 2006-2049 Daily
RCPS5 2006-2035
historical ‘ 1979-2005

SNU-WRF RCP45 el ™ | 20062049 Daily
RCPS5 2006-2049
historical ‘ 1980-2005

YSU-RSM RCP45 el | 2006-2060 Daily
RCPS5 2006-2050




2122 SHE 2 A JI53t X2

CORDEX-EA A|97]SH3s} AU ARE 5Uet A Fof| s 0.5= A=
(rectilinear grid)2 ®W&s7] o] 57 A|H7|ewdo] zp7of tfgt W, Fh 717
= gRlstd AR 7hset AARE ERISHAIT

578 A1971¢ g 9] Az 2% NetCDF(Network Common Data Form) @42
2 Hoj 9lor 7[E2H0 =2 NetCDF CF(Climate and Forecast) Conventions =
Al =y =471kl 4RSS 2|97 s AluE] e AR E A 2JRE 54 Hist]
A A2 A= NetCDF 3 (ne 34)2] HEtHo]El7} A& th2 Ay Mgt AA|
o] A5 iAol ol = 59 wAlde] Yk ol 247 Wé2 1L ZAIF

W SgAbe st

N K7 |SH5t DHO| XiE 01 LIR)

(1) HadGEM3-RA
 7]2t: 200621004, time : ‘360-day calendar = =Kl S5
(2) RegCM4
 7]2t: 20062050, time : CF Convention®l 57 8
% ‘360-day calendar &8, 12H #XECE H)| U= time wS 7IEY 01F 2C=E 4
(3) SNU-MM5
o 712t ropdb(2006-2049), rcp85(2006-20355), time : CF Convention®l Sl 8
% ‘Gregorian’ calendar &%, 128 £AO=E H0 U= time U2 7IFY 0 UC=E 28
* sea level pressure @t surface air pressure w0l FHHHO A= QUS(ERE 5)
(4) SNU-WRF
- 7l2t: 200620493, time : CF Convention®l 571 8
% ‘Gregorian’ calendar &%, 15E &AFEC= HO Q= time W8 7IFY 02 WUC=E £
* sea level pressure @t surface air pressure w0l FHHHO HEEN QUS(ERE +5)
* historical M2 & tasmax, tasmin &f LT Al ABE7
(5) YSU-RSM
« 7t 2006-20504, time HE 252 M8 S7K(7 R time #f X))

oz

wjebA ARESE 7Hs3t AE= HadGEM-RA, RegCM4, SNU-MM52] 37] 2 A&
2 historical A=e] F$¥ MERRA2 AEA A=t 72 7|7 AREES 9ot
1980-20054, rcp459F rep85 Ame H|F 7|XFo®E 2020-204992 ATt
(SNU-MM59] rep85 A=+ 7|7k0] Zof 2020-203549 Ak ARR). ARSH Wb &
BEoloA F2 AMESh= BIE (pr), A7 (tas), Fa7](tasmax), 7|2



8 | X |SHEL ALIZI2Z 0|23t 20t OFHXE 7|8&E 22X Mt RS 7 2 K- K2
(tasmin), H|5(huss), ps(RA71¥)oltt.

2.2 ¥HY

2.2.1 0.6k ZXt Xtz tHet

CORDEX-EA @l digt #Hol®d Hl AF}EAS #si 371 A7|==d
HadGEM-RA, RegCM4, SNU-MM59] 7|& historical, rcp45, rcp859] ZAAA}
(Curvilinear) AF=2E 37§ Bdo] U3 JHS 7HAEE 0.5% ZAZAXHRectilinear)
Az E HEsHItKFigue 4). A& F= 139X 163(F1e © -14~78, == 1 55~159)
o]a AMGE W= Zr(pr), AVd71e(tas), FiL71&(tasmax), A7](tasmin), Bl&
(huss), ps(Rg71elth. o714 23712, v, AF719 ol-8sto] s (thE
ARSI Atis ke ARSI 71 dTsholA ARSShE ool 22 A A

&3t

S = 6.11 x exp ((17.67 x (M2 - 273.15) / (REFI2 - 29.65) )
28| = (0.622 x Zeled7(R)) / (AP - HeleS7[R)
Hiis= = (HIE / 28 x 100
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(HadGEMS3-RA rcpd5 Z2pr) X=22| NetCDF HIEICIO[E] Ky

dimensions:
time = UNLIMITED ; // (1800 currently)
bnds = 2 ;
lat = 139 ;
lon = 163 ;
variables:

double time(time) ;
time:axis = "T" ;
time:bounds = "time_bnds" ;
time:calendar = "360_day" ;
time:units = "days since 2006-01-01"
time:long_name = "time" ;
time:standard_name = "time" ;
double time_bnds(time, bnds) ;
float lat(lat) ;
lat:axis = "Y" ;
lat:units = "degrees_north" ;
lat:long_name = "latitude_coordinate” ;
lat:standard_name = "latitude” ;
float lon(lon) ;
lon:axis = "X" ;
lon:units = "degrees_east" ;
lon:long_name = "longitude_coordinate” ;
lon:standard_name = "longitude” ;
float pr(time, lat, lon) ;
prioriginal_name = "PR" ;
priunits = "mm day-1" ;
pricomment = "at surface; includes both liquid and solid phases from all types of
clouds (both large—scale and convective)" ;
prilong_name = "Precipitation” ;
pr:standard_name = "precipitation_flux" ;
pr:_FillValue = 1.e+20f ;

// global attributes:
‘title = "139x163 rectilinear 0.5 degree regrid from CORDEX-EA HadGEM3-RA_v1

model output” ;
linstitution = "APEC Climate Center" ;




Table 4. CORDEX-EA 0.5 4At M= i

Model Data Spat(lf';lt Flef'g#)mon Period Variables
Historical 1950-2005
HadGEMB-RA RCP45 05“*3&?5’ ?g%ee 20062100 | P" 1. tesmex
RCPS5 2006-2100 ’
historical 1979-2005
RegCM RCP45 05“*3&?5’ ?g%ee 20062050 | P 125 fesax.
PCPS5 2006-2050
historical 1979-2005
SNU-MVB RCP45 05“*3&?5’ ?g%ee 20062049 | PP 125 fasax
RCPES 2006-2035

2.2.2 HO|EH

CORDEX-EA9] rcp45, rcp85 AlUE| 2.5 AREsto] AA7|5He] 7| &-3-8A|+& 4t
Z317] 95k QM o]&5to] Ho|HA(Bias Correction)S 35T QM2 ojH

Hpge] B3 FHo Y ol2E BAska b ®sAdol digt o2 B
= Atk 914 718HQuantile-based)?] HHH2 Panofsky®} Brier(1968)°] 23]
[ZE AT 3-8 BofolA 3oz HEEUHDettinger et al. 2004; Wood
et al. 2004). ESF X715 2do] o HAS alA: HLEEJHDobler and
Ahrens 2008; Piani et al. 2010).

jus

2 AFoA=E QM2 B 71700 disl ¥ 9 B AR U HHE FHEEG
“Emprical Cumulative Distribution, ecdf)ol] 7|¥tsto] 4=8§o| Hc}. A4 F2&E
EIE ARG QM2 YRt 0= tfER9] 7|4 4] H8o] Thsoitt A H7|FHE

ZHE YA AU e ghe xveh 3 o) o2 o] o5 v ghog HAo] Ht
Y;fl = ecdff_’tzsi1 (ecdmed (th‘:‘,fl )

ATV cedf 'S AUH FHREGS cedf 2] SHBO|T, obst: B
2 UET, = AZL ik site] ZAES Urepdc

drbz oz QMZ o83t "ol ISR gt 2] ARghe o83t &

, mod+= 2 &

W\t
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g AuE|L ghe ASARHCR AJAsthe Aol F2 AREARE & dTelN=

A} 77te] ke A sl Atz | ARA AR B gLo AMgsio] X|o
Fmde] AUele 3 5UT A% P HolRHe W] HckFigure 5)

A - »® . [}

Model OBS QM

(a) HFAFE 712 QM

A
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A
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Model OBS QM

(o) XL QM
Figure 5. Quantile Mapping g

AEA A7E TEFOZ 519 CORDEX-EA A|H7|3H S} repd5, rep855 2020~
20499714 A=(pr), AVd71(tas), #11/2A712(tasmax/tasmin), JHE=(rh)S] 5
7| Wl Hisi QME ol8-sto] HolEA SHaL(SNU-MM5 rep85 Ao 9= 2020
~20354 73] tisiAMet B7), HolRgH repd5, rep85 A=E A2 QM _rep4s,
Qm_rcp85= F7]3Ht. QM2 Python f101E o|-&sto] A=l oH, NetCDF 3=
dta= ke tsA(multi-dimension) A&7F 7FsstesE = 7148 (Met
Office)oll Al 7Hst Iris(https://scitools.org.uk/iris/docs/latest) Python IH7]X]|2}
HSHAARS Y5t NumPy(http://www.numpy.org) @ EAAARS €3t StatsModels
(http://www.statsmodels.org) Python m7]A|E o|-83}3tt.
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2.2.3.1 ETCCDI 7|&XJ

ETCCDI(Expert Team on Climate Change Detection and Indices)& 7|23}
35 BAE ol&sto] =% 7|l gk =21 H_E Alsohe 7IFATER A
o=, T FAHURE olE ZE3t I3 VTS E40l +BE Fal(Karl and
Easterling 1999; Klein Tank et al. 2009), °©] X452 vl 7|&AYETE ojz}
TS Aol F 715@0] Uit AxF #ekE BAsk=t & |A ARESIHH
(Tebaldi et al. 2006; Sillmann and Roeckner 2008; Orlowsky and Seneviratne
2012). @A ETCCDI &#o|X|(http://etccdi.pacificclimate.org/index.shtml)oflA]
2770 A AARE 913 R AZE 0@} Fortran I &5 A5kl Yoy 5% sjto]
Al (sequence) BEHIZ 2 A-(EE AAD disfARt 4&0] HES Hof ot &
Aol A= NCL(INCAR Command Language)E °]-85l] NetCDF ARE U=
=2 o= AR (multi-dimension) AAFE AT 4 Y=g FEE 2Msiglon, |
o] HAGH 37] AH7|FEH] QM_rcp452F QM_rep859] A Fa1/HA 723} 4
At7E ol-&sto] ETCCDIONA AlFsh= 2771 71344 5 770 A5E ARSI 770
Aol tigt A8 Table 59t 2o, B 2|54 s 24717 &< A= A=

QAT W 277) BE 713A5E Ao R AREES 271 AT ool
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Table 5. ETCCDI 771l =2t 7[@XR1mm *EAl= ETCCDIS| ABAL BEUC= 07 |M= 1mmE ARE)

Lable Index Name Index Definition Units

Let TXx be the daily maximum temperatures in month
TXX Max TX k, period j. The maximum daily maximum temperature | T
each month is then: TXxy = max(TXxy)

Let TXn be the daily maximum temperature in month k,
TXn Min TX period j. The minimum daily maximum temperature each | T
month is then: TXn,; = min(TXny)

Let TNx be the daily minimum temperatures in month k,
TNx Max TN period j. The maximum daily minimum temperature each | C
month is then: TNxy; = max(TNx)

Let TNn be the daily minimum temperature in month k,
TNn Min Tn period j. The minimum daily minimum temperature each | C
month is then: TNny; = min(TNny)

Let PR; be the daily precipitation amount on day i in

RImm' | Number of wet days period j. Count the number of days where PR; > Tmm days
R10mm Heavy precipitation | Let PR; be the daily precipitation amount on day i in davs

days period j. Count the number of days where PR; > 10mm Y
R20MM Very heavy Let PR; be the daily precipitation amount on day i in days

precipitation days | period j. Count the number of days where PR; > 20mm

2232 2018 7|=38XIx

Ho|E Y% CORDEX-EA QM_rcp452F QM_rcp85 AlUE| 2 AtaE o]-8-5to] =oF
H 7| 288 AFE AESH] ot 714 719 B e (hitp://ccs.climate.go.kr)oll
A AlFshe 719884155 7IREC 2 5tof 97) A AT sARoklA= A
2L U(Growing Degree Days, GDD), Fa&AR2%E(Bffective Accumulated
Temperature, EAT), 25 EX|<(Temperature Humidity Index, THI), Z2F=7]7t
(Crop Period, CP), E7&0F9] 79 IA]4(Heat Index, HI), EFA4(Discomfort
Index, DI), AT A4 (Humid Heat Stroke Index, HHSI), AFgEo0F9] 79
A7) A (Minimum temperature Index of the Coldest Month, MTCI), B}A&
of9] 9 HF7+A4x(Standard Precipitation Index, SPI) o]t} $-AEHEoke] -9
o= FAF AR Potential Evapotranspiration, PET)7} 9194 A= A| Hargreaves
A 2850 qlo] 5419 wiziHgo] gt A|Hslrt Waste] 2 AtofA= ALt

At 7 Ao gt 7158 A= Table 63 2L, Figure 62 7445 7194 H I E o)A



A&k sHEF AE7IZHCP)H AFdEoF A7|2A(MTCDE dAZ YeRHILY.
RE 4= PA AFETH NCL F=2 2=

Table 6. 71238k e|AE

Fields Index Climate Variables
GDD(Growing Degree Days) ?g&gﬁ%ﬂax’ Tasmin,
Agriculture | EAT(Effective Accumulated Temperature) Daily Tas, Tb(=10°C)
CP(Crop Period) Daily Tas
THI(Temperature Humidity Index) Daily Tas, rh
Hi(Heat Index) Daily Ta, rh
Health Care | DI(Discomfort Index) Daily Ta, rh
HHSI(Humid Heat Stroke Index) Daily Tasmax, rh
Forestry MTCI(Minimum Temperature Index of the Coldest Month) | Monthly Mean Tasmin
P%\?Zii?c:n SPI(Standard Precipitation Index) Monthly Mean pr

AHXII2X|4(MTCI), 0I5 E 20041, HadGEM3-RA,

212, MOIE 2004, HadGEM3-RA, RCPAS, ¢ o oy Bod G ooty

2011~2020 '4(61~70 %)

SHE =3

(@) CP (b) MTCI

Figure 6. &t 412 20[0| 7|288XIs G (a) 227IKCP), (b) ZX7[2XI(MTCI)
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3. O-UE
3.1 7R JjEt BE K2 AIRES SIE HEA X2 M3

3.1.1 CPC Z% =1 IHEAM XjZ2 H|w 2
31.1.1 7153 Y X} Hlw 24

CPC®} ERA-Interim, JRA-55, MERRA29] €8 7<= Af=ol| tigt 7|33k vlast
7] $1ste] 1980~200599] 261 &<l thsf M-} ‘soFAloF FH o= L+o] Figure
70 et ]It} o714 MERRA29] AF=~7]7to] 1980EFE AJZtE]7]o &gt 717k
A7g5Hdal, MERRA29] A4 2= #1kS ARESIGIT Ao} BotAloF 2|9 B CPC
¢} ERA-Interim, JRA-55, MERRA2 7% 7]9gk2 &d] A7t E3] ddis=d
(InterTropical Convergence Zone, ITCZ)oA AdiZoz =7 HFHI Ut
ERA-Interim¥} JRA-559] 7Z-f-olli= QUEAfo|ut W} AMejg g EA=7F A oA
CPC®F MERRA2 Mt} 7F4= ho] & ¢ &4 Uehtes A2 & & o, dAvkdog
CPC = 7194} #£3E+= MERRA29} U~ RARSHAl WYEUAL Qlom, ojZl2 2.1.1.24
of 7&stlxol MERRA29] 74 B4 darg]gol| CPC A7t A-8=7] wjizo|tt.

CPC(OBS) ERA-Interim JRA-55 MERRA2

Daily total of precipitation
o

0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 0 2 4 & 8 10 12 14 0 2 4 6 8 10 12 14

Figure 7. ZIXFL 5! SORAIOF X[0]] Cigt CPC 24 25 K=ot M2 Ai=0| 7|23k B[i(1980~2006H 7 ZF 52
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Figure 82 1980~20054 &l w3 FotAlol A9e] CPC dE gkt
ERA-Interim, JRA-55, MERRA2 ¥¥ 73] TCC(Temporal Correlation
Coefficient)2} RMSE(Root Mean Square Error) £3%& Ho{311, Figure 9°f TCC
o} RMSEQ] 5otAoF A Btghs UEHH . SotAloF 2|9 9] TCCeF RMSE 4 &
Z)A ERA-Interim} JRA-55= A= H|SSE 25 Holil 9lo™ TCCO g2 W=
oA °F 0.6 o= A UEHAL, =7 Aol oF 0.3 F=2 iAoz 1A
LERtow, RMSE 49 3% WS} =A=7F A|9GollA] 242} oF 4 ofst, oF 10 old2
& YeRgth MERRA29] 7-$+= TCC= &OFAoF HA| dollA °F 0.9 ol =2
AT HolF9)al, RMSE FA] oF 2 o]at& WA UYehdtt. Figure 99] FoAloF 2|
W4t TCC2 RMSES E¥ MERRA27F TCCY] 3% °F 0.9 ©14, RMSEY] - oF 2
o|st= MERRA29| ¥ Z=gte] CPC ¥¥ 5t W% 7k A& & 4 Utk

ERA-Interim
TCE g
:daily scale it
30N .
0
RMSE
:daily scale

30N

Figure 8. SOHAI0F XIS0f CiEt CPC 24 25 Xi=ot M2 Xfzo| TCC 2 RMSE H(1980~2005 7Rt 520
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0.8 a8
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04 4
11l
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ERA—Int.‘ JRA-535 ‘MERRAE ERA-Int. | JRA-55 | MERRAZ
TCC(daily scale) RMSE(daily scale)

Figure 9. CPC 2+ #= Xzt MzA Z== X=9| SORI0F X% TCC % RMSE B! Blw(1980~2005
712t 32

3.1.1.2 X92 &2 Afd| A H HlW

HI

S|
=~

ERA-Interim, JRA-55, MERRA2 &4 A&o] U9 7<= A=) tigt #isdS
ZAeE7] fI5te] Figure 102} Zo] gokrol A H9] 37 XA A7sto] 397} WAYSH
AR Sfofl gis EA5HATE A AL 20008 11€0] IEYAJoHSG=tERF AR o]
A Sl AR HAYOZ oF 110013 9) AFHNE 7FARAL, ESE TelojAloHER)
YSEE AT Z7} TAgsto] oF 200159 AFHsHe} oF 8 g2 ojxfRIo] LAY
gt 9ot B A2 1996 69 27U0lA 8€ 12¢ Aol = S5, HH, AlRolA
B571 st A9olal, C AGoAE 20039 99 12UFE 138714 EE wfjn|o|
ofsf QIgnlsf 1317, ofAgt oF 6ubgo] WAoo A=y o= we v7l W -
olt}, Figure 112 A X199] 20009 10¥ 1¥ollA 11€ 30¥71x]2] 4 7F== AAL
Apgolct, oA SN SPFES CPC I3 A=o|1, UHA| o, H4, w7t 7}
Z} ERA-Interm, JRA-55, MERRA2 At=E UERd 1149 Tof ZF7F S 1o
™, MERRA2 73<=A}87} CPC #50 7 7HAA el 52 & 4= Ut Figure
12+= B A 90lA19] 1996¢ 79 1¥0l4 8¥€ 319471x]9] U == AIAG A=E e}
ok 37 e AR ZF CPC #=F Azt fARE AAES Yehia lovt
MERRA2 75A=7F CPC #5532 Aokl 9o, 8 & 597 e &9 A9
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ERA-Interm A&7t 2 AmSHT 4 U= A& & & St Figure 139 4%
£ Ut C A9LR 8, 9do] 7L A5 WAL HFo] WAt F9-=E CPC #5
AALG AFEe} tha ZJol7h VAL flout, 9F 5ol et 7193t 2 @A Hlw 24
o] Ax}o} Zo| A AWML AubA o g MERRA27F CPC 745 #&3} GARH 782
e it

o

90E 120E 150E

Figure 10. SO0} X|9Q] 52 A XY

Nov, 2000
50 — cPC
] ERA-Interim
JRA-55
40 - MERRA2

Daily Precipitation(mm/day)

Oct Nov Dec

Figure 11. 22 Al2fl XI& AXfl O3t CPC &+ Az & MY 4 A=
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Figure 12. 22 Al2fl K| BOfl Cigt CPC 2+ Az & =Y 4 A=
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Figure 13. 5 M| X% CU Cf$t CPC 24 A2 % 2N 24 X2

3.1.2 CPC X|T/EM7|Q =1} JHEAM X2 Hlm 2

X
A

ME

3.1.2.1 Z17|20] thet 712gt & @R H|W

HT

CPC2} ERA-Interim, JRA-55, MERRA29] 944 11712 #t70] tigt 7133k ]
wsH7] YJste] 1980~200592] 264 <o tisl] sotAlor 2|9 e] 71 9gkat CPCete]
ato] B2 E Figure 140 HERHAS. ERA-Interim, JRA-559] ¢~ CPC2F2] 2tolgk
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o] QlE=Atol B, EHETY, MEjHYG EA=7F Aol &9 g HolFal qlof
o] Z|Fof|A CPC FHiL7]2 IS Kt of 2T ol WA Yeual Qe A2 & &
ULt BotAoF A9 A Hit o]k ERA-Interim -1.95C, JRA-55+= -1.69CE
UERH AT MERRA2 F3L 7]29] Zfoll= Bl ddt AMEjEG 2A=7HA 59
T2, = USEH 3= AR AYGoA 29 ¢S HolFal oy T g2 AdiFeR
ERA-Interim¥ JRA-55 Ht} 20w, CPCeto] FotA|of A|Y HA| B+ Aolgt2
-0.17C& ARA A= F 7P W2 3= HERdH

Figure 15% BoRAlol €9 CPC ¥¥ 17|23 ERA-Interim, JRA-55,
MERRA2 €2 #117]29] TCC RMSE £ZZ uehdct ERA-Interim, JRA-55,
MERRA2 A& BT AEjEF E=A=7F A9 0]99] 1% A9og Z4E TCCY
Fhol = Uehial glom, Solalol X9 A TCC Hv g2 27+ 0.83, 0.88, 0.88
olct. RMSES] 7-9-oll= ERA-Interim¥} JRA-55014] EJHETY |1} AX AfefgF
TA=7F QoA dhHoR =2 gk HEolFi, MERRA29] Afolle HAHo=
o kS eIt BokAlor A1Y HA RMSE Bk 244 4.20, 3.30, 2.952
MERRA27} 7 WA Yehgith

ERA-Interim

T
120E
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Figure 14. SORAOF X0l CHEt CPC Y X721t MM Xz 7|S4) HIw(1980~2005E 717+ 52
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Daily Maximum Temperature(°C)

ERA-Interim TCC:0.83 JRA-55 TCC:0.88 MERRA2 TCC:0.88

30N 30N

S0E 120E 150E

90E 120E 150E 90E 120E 150E
NENC ONNENER [T T [ IT] NNEC FEEEEEN
0 0.1020.30.40506070809 1 0 0.1020304050.60.70809 1 0 0.102030.4050.6070809 1

ERA-Interim RMSE : 4.20 JRA-55 RMSE :3.30 MERRA2 RMSE :2.95
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Figure 15. SOPA[O} X0 CHEH CPC Y E[117 |21t MHEA] Xt=2| TCC 2! RMSE H|w(1980~2005F 77t S26)

X
A

ME

3.1.2.2 2[X71=20 tiet 7|=gt H @A Bl

HT

CPC%} ERA-Interim, JRA-55, MERRA29] ¥¥ ZA7|-2 A=zl tfst 715kt
CPC2}e] #to] #3EE Figure 1691 YEFH AT ERA-Interim, JRA-55, MERRA2 A&
A Ztm 25 CPCLEY] AJolgho] EHIEILYoNA 39 7, 52 A T 1&olA &
9] 3t UEHAL, BorAlo A1 A Bt Zpolgh 22t 0.26T, 0.89T, -0.29T =
ERA-Interim¥} MERRA27} @& 7hS HEHch

Figure 17 &°FAlo} A€ CPC ¥ FA7]23 ERA-Interim, JRA-55,
MERRA2 ¥¥ FA7]&°] TCC2t RMSE X5 Uepditt ERA-Interim, JRA-55,
MERRA2 A& X5 Mg =A=7F A9 0|99 Afx XHog Z4E TCCY
grol =7 UehiaL glom, Fotrlor A9 A TCGE Bt =2 242 0.80, 0.86, 0.87
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olt}. RMSEQ] H-%-ofl+= ERA-Interim}t JRA-55904 EH|ETY A3} & 1 11
A A oA AHoRZ &2 FS HojF, MERRA29] Aol AAZoz o
e UERACE BotAot A9 HA| RMSE Haake Z7F 4.27, 3.86, 3.392
MERRA27} A8 o2 718 @A yepgtt.

Daily Minimum Temperature(°C)
ERA-Interim BIAS:026  JRA-55 BIAS:0.89  MERRA2 BIAS :-0.29

”’l
"'

T T T T T T
90E 120 150E 90E 120E 150E 90E 120E 150E

1086420246 810 10864202 46 810 1086420246 810

Figure 16. SOFAIOF X0 Chet CPC LE ZX7 |21t MEA Ktz 7|=3! Blw(1980~2006 7|2t S2)
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Daily Minimum Temperature(°C)
ERA-Interim TCC:0.80  JRASS5

TCC:0.86 MERRA2 TCC:0.87
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NENC ENNERER
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Figure 17. SOA[O} X0 CHEH CPC Y E[X7 |21t MiEA] =2 TCC 2! RMSE H|w(1980~2005F 717t S2F

- OL,

3.2 CPC &=t MERRA2 XM XjgS OZet HO|=Y Zut

3.2.1 CORDEX-EA X[H7|2#Hal AlL2|Q Af=O| HOEY Zi}

CPC 7%, HT/AAZL B5 Azoh & Wold e

S QRS Am F
MERRA2 AEA A=E 0|83t Ho|HA ZAIE dotH”] ot 2020~2049¢

(SNU-MMS5 rcp859] 7%= 2020~20354) &F2] HolH i} £9] Btgl Xol&
Figure 18~210 YEFHRIT. T-oNA HZ7 BAIHE 9 go] UYettes A9 |

o|E7 M3t wlasto] Jrid oz 1 gro] WA BAo] FAA, wgA BAIHE &2

fhol Ueites A 92 ddizez #7 240l | A& vt
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