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A Statistically Downscaling for Projecting Climate Change Scenarios over
the Korean Peninsula
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Abstract

2A7FA T mE v 7]FRIsE SR vAE %S Hrishr] Yk AR E(AOGCM)
o] 7|23 A4 AmE o] &ste] st Ao tigk FAA = M SH(statistical downsacaling, SDS) 7]
WS ANEatdnt. Mgd 71ME Cyclostationary Empirical Orthogonal Function (CSEOF) #4] 31} 3] 784
< A3er Ae® BF57 AOGCM AlAIEe TAA FadS ol&3ta k. 204712(1973-2000) &<t
Bt 71 &(ECMWE) T F43(CMAP) 2 AOGCME 71&3 A4 Aol A% A3 7S 4
gala vugo sy o 7|He FEAS AFsFed, AASE 7y FrHE AnE A5 AdHEA
I dWEdEs & EAEgth 53], o EH #5d Hls] AE7tE AOGCMe A Z7]9F HEdol Al
stE F3 #SA Ol A HATE AOGCMO] m#) % Wale 2147 $yle] AldAow 73 oAF
of 718 AL oAFHUTt. dAstE AOGCMe 74+ ALS AYs e AddA, 53] o458 73
wWol F71e Aow AWEHAUT AOGCME] W g 7| 2Wshe 21417 WMo R A4S Assiy, Adio=
AR 7] F5Eo] ¥ F Aow Ay EH, AOGCME AA83 Aagde A&y giEo o=
71 AsEe]l F AR AUEHAT. A VIHe A5hd Anel @53 FAY JHdS o] &3y] d
ol At 7|54 SAWT oyt itk AFY F AGF EAE BT WG gEo] FoqrRe
AFZE wWE Ao agdoz AL = e FHE Ak @3 At AlgE CSEOFe 2=
T o BE BHY T FAA s 34 fAE AATF Holdas HAFT

#A 0l | EHsL, SRS, SHX Ak

el A A s AdHor e FHAAE FE-714e WEtE dS5str] 98 85
1715 33 9 A (International  Panel on Climate Change, IPCC) 4xF 37} 314 (Fourth
Assessment Report, AR4)ol| it 7| FAdRAES o] &3sto] ghut=e] 7|5 W3l Alrtg
5 AAstal o AWS A4S kAR, AOGCM} o] =i id5o] W¢e A A A A

S AR FAHA FEstar Qlo] AFA o] wE o 53 FA = g
A 7HA oldd mel A Foqfrie] RdloA RojH tj7] =3 A H ]3] FAH
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. FAAE B2A (Principal component analysis) 7|8 = 7F4 2o 7
Cyclostationary Empirical Orthogonal Function (CSEOF) #4137} 3]AWHE 283t SA4
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2.1 A=

5= AOGCM7E Eojgt akmAtole] fAbgh A g s o] &ste] AOGCME 715
ARE FAFANHG. B A5 VA 57 FE NG BS520AM #BE5E 9 72
(1973-2000) ¥} A% (1979-2000) A 57 A9 715 A5 2 AR5 Sl IPCC 42F B 7FR LA
(ARD®] ¢18%¥ AOGCM = 1370 AOGCMe] 2 ojgk Al vtg] e AIB 9 7123 252 287t A
£5 Atk (Table 1 =), 20M7]e] tial] Fqa5e 7123 24 25k vlwstr] 918 137] &2
9 AIE 2.5°%2.5°0 % TAAER At AA AE7|7-e AAGAH G A A S 2
2 715 E Q33 204 7] 713729 (20th Century Climate Coupled Model; 20C3M)¢] 1003 (1900
W-1999) ¥} M7 32 Agslr] 93 A1B Alve] 29 100 (2000 -2099 ) o] T},

Table 1 List of climate models, their versions, simplified 3-letter abbreviations for each model.

. Resolution
No Model(agency: version) Abb. Country
Atm. Ocn.

1 | BCCR: BCM2 BCR Norway 128X64 360X180
2 | CCCMA: CGCM3_1-T47 CCM Canada 96X48 192X96
3 | CNRM: CM3 CNR France 128X64 180X170
4 | CSIRO: MK3 CSR Australia 192X96 192X189
5 | GFDL: CM2 GFO USA 144X90 360X200
6 | GFDL: CM2_1 GF1 USA 144X90 360X200
7 | INM: CM3 INM Russia 72X45 144X84
8 | [PSL: CM4 IPS France 96X72 180X170
9 | NIES: MIROC3_2_MED MIM Japan 128X64 256X192
10 | CONS: ECHO-G MIU Germany/Korea 96X48 128X117
11 | MPIM: ECHAMS5 MPI Germany 192X96 360X180
12 | MRI: CGCM2_3_2 MRI Japan 128X64 144X111
13 | UKMO: HADCM3 UKC UK 96X73 288X144
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PCAr,t)=3>P (r,0XPC () (D

Abole] FAIA O = {FAMSE REE

ANAE, PCRO)S HHHTE, F9E e F48 AAE, PCLES
ZEWMER Aos thEA 3 7 2 (Multiple-Linear Regression, MLR)S ZAA sttt 1 3AA
S 47 9k WAL o 2o

PCL (0=Sa,:PCR (D+ ¢(2) 2)

oA71M, PCLy= 5G] FARAALY piAl RE, PCRS SHWse] MA Reolt, &

Mo 99%< dWshs 10708 ARS8t ol o¥, e()e HA3AA
Aok A @A Tkl AT, as W5 e CSEOF sjd,
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ST ALHL F& Ho(wet bias)7t GAE o] T A FoEA Z Tt} SEAT
£ FAYY. FdE 5 AR CMAPY MME139] E344Le A8 774
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Fig. 1 Geographical distribution of monthly averaged precipitation and surface temperature for summer and winter for the 20th century.
Each column from the left represents the monthly mean field derived from (a) CMAP (or ECMWF) and (b) MME13 on upper panels
and the monthly mean field derived from (¢) observation (OBS), (d) statistically downscaled (SDS) CMAP

(or ECMWE), (e) statistically downscaled (SDS) MME13.
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Fig. 22 Alst 4 59 AOGCM MMEIS«] 71?%&( FeF, AE7])9 AHBHSDS)
H MME139] d=® AE H74e BTtk F 4719 dd JollA d&FFE 3 HA F WA
°of i A5 ALH ArFe] Aola xﬂ HA L vl AAlE A5 ALH 7|29 Aol
th zt sl 9% 18-S AOGCM MMEL3, 8% 23 AAstd MMELS3, 22]a $]olA
FE 20203t (2010-20394), 20508 th(2040-20691), 208013 th(2070-2099) H+t3k <=0t}

o] 234 AOGCM MME133} AA18te MME13¢] Z<3e 2147 $wtow 4= Zpgagko] Z7}
3tk AOGCM MME13¢] 72§, 2020 dt)ol= Fx o] 214)7] Futo= SHEA WA T
ol o 7t AoR dF5egith. AAMstE A MMEL3S A7 ERAWS FRA, 53
XA AN A A 77 F AR AWEdtt. AOGCM MMEL3e] A&dE A5de 5
7hetal SHAGAA o F7ME Ao g2 AFEHA. AAstE MMEL3E @l ehat 4 7] 554 ol
A Are]l AT Ao HWeglth. 729 49, AOGCM MME133 AstE MME139] <
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Fig. 2 Precipitation (%) and surface temperature change (C) of MME13 of summer, and winter for three 30-year periods of
2020s(2010-2039), 2050s(2040-2069), and 2080s(2070-2099) for the scenario A1B. Changes are relative to the 30—year mean 1961-1990.
The left column at each panel represents the monthly mean field derived from AOGCM MME13 and the right the monthly mean field

derived from SDS MME13.
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e 2gE BN ofyEt B ofd) LAH 21Hl7l vl 715 ske] AEH, ddd SA4S o
Zahar gtk AOGCM MMEL39] mle| 7]&mshs §313 Ad4 AA7) glo] 72 EF d<
1 2147 THlo g ASLE gE A5d Adow o AE . A st MME1I3S] vl 7]-& s}
= o8 Fdatloy, AFAE, A 9F 0w olE HATE HF, AOGCM MME139] wl Z4#

= 5 A o

st 7129 A @ 53 AFHA ST HE Aol ddid ez sy A
= wrsiity, AAlskE MMELS 32 ALS A9stal dAlz S/ Aoz o dsi
Aol M A7t A7 S71d Ao A A

FAstE MMEL3¢] 735, A&d el fFashs 92 2041719 J&% oA #=5H A&

A gl gasts ARR BAAL 5 ek o] AFelA AgH FAN FAH 7ML 204
9 e #E Prdel FAN 54 C1BE g AW &%, 45 A9H 234 B)
of 21A71o1% 48 Aom 744e7] Wiolth. 2047]e] el AOGCM7E melah 342] 7
4% ggol Sk Fae] AAH Gie] AN = BAAYES FAH AT ol A
o AR 29U & YA, oA B4 v 0% AN o] FAH WS ol g3 A8
b @2 MY agelE Rea CSEOF #45%) vEa A/ M e olgalel Awn EA4 4
AF e B3 Ao BUe BAA 54 @ wdste] mde] Aeuw Jle IR
ARl B AL FASATE Hol Felth, Ea ata Adsho] ws AMAFES 2

1195



=5 u#ste] A3 CSEOF RE=45 AA s o}
1

v

B ATe 21417 ZEEAATINEALE]] AL A5 SR/ A e dATrH A

(1-9-3)°l <Ja == A5t

1. Kim, K.Y. and G.R. North(1997) "EOFs of Harmonizable Cyclostationary Processes." Journal
of the Atmospheric Sciences, Vol. 54, No. 19, pp. 2416-2427.

2. Lim, Y., Shin, D.W., Cocke, S., LaRow, T.E., Schoof, J.T., O'Brien, J.J., and Chassignet, E.P.
(2007). "Dynamically and statistically downscaled seasonal simulations of maximum surface
air temperature over the southeastern United States." J Geophys. Res., Vol. 112, No. D24,

D24102

1196





