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ABSTRACT

Improved dynamical downscaling methods with ageneral circulation model (GCM)
bias corrections are developed and assessedover East Asia. A set of regional climate
simulationsis performed with the Global/Regional Integrated Model system (GRIMSs)
embedded in the Climate Forecast System (CFS) seasonal prediction data for 2005
winter. Four bias correction methods areconsidered: 1) ensemble average, 2)
anomaly nesting, 3] anomaly nesting with standard deviation, and 4) ensemble
anomaly nesting. Theanalysis reveals that the simulation with ensemble anomaly
nesting method improves the downscaled climate in both seasonal mean and extreme
events relative to the simulations with original CFS data without bias correction.

This dynamically downscaled forecast is compared with the CFS produced by
global forecast model in weak, normal, and strong winter monsoon year. Results
from the comparison suggest that the RCM add value in seasonal prediction
application, but the improvements largely depend on location, forecast lead time,
variables, and skill metrics used for evaluation. Generally, more improvements
are found in simulated surface temperature for the shorter lead time. These results
allow us to be cautiously optimistic about the model’s ability in the forecast of
important climatological features as well as extreme events of temperature in
East Asia.
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1. INTRODUCTION

AE oH= 5%7}4 S Akt ol S8 JRow AR Heu Ao
w2 AR oS HEY F840] FOMAAL ik S7 A

0,;_13]312} @% %‘«ﬂfﬂ HEE ol tigt 59 el o8l di+t=e] Ad HEe
A &sh= Aol o= Ak 7Hssli A th(Saha et al, 2006), ZLE|u, HA|F- 2F

Aoz 7|9 A S-8ATollA B agh A 97|59 EAo 714 o 2
A4S Boehs TS HEgh AoR dHA ot (Gutowski et al,, 1997;
Wood et al,, 2002; Zhu et al,, 2004), E3t 7}, A3 2L 9] Xloﬂﬁ o] AFAIZE2]
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o
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09} e BHo| K o] o ZAL o] 5] AHAlE|ojo} & Folt} o|Ae x]ejA 7]
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3 (Regional Climate Modesl; RCMs)©| AX|L 7] 1d (3 E+= A4 A}

£ 7o R & 31 Y=Y 7|9 AlEEolde Aabehe e theaAlY
"o T2 AREE Ot} (Leung et al,,1999; Leung and Qian 2005; Roads et
al., 2003; Castro et al,, 2005; Liang et al., 2007; De Sales and Xue 2011),

2| A 715 o] 88t A= A oS FHEE Akl AAE, 9
HE T ASS ASss dts0] A8YE|al QJt) Prediction of Regional scenarios

and Uncertainties for DefiningEuropeaN Climate change risks and Effects (PRUDENCE)

(Christensen et al. 2007)9} Ensembles—based predictions ofclimate changes
and their impact (ENSEMBLES) (Hewitt,2008; Weisheimer et al, 2009)%} -
FEATES bt AT BT e A9 1% meS olgsiel e /)%
H3} /\WWJR%' +2AYY sk 7IMS JPdsEalal, mlse NorthAmerican
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MultiRCM Ensemble Downscaling (MRED) projecto] A n]=r Z|<of tfsf 7712
Ao} 715 mRE ol T S AT AkH oJ5HA Thes AU HEAS

o o=

=510 (Arritt 2010; Yoon et al, 2012), Castro et al., (2012)°f4]:= Weather
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2059 2k A5A40] woAle AE HAHh
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A2 5445 Z HEYeHA] Hohe A e A=olil, 53] eSS E37E FoA
oF A9 frEhAlol ti&e] FEEol fAlst] A 1He] Ao ARgo] HRtsHAl o
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shA= = 9] JiA Fo] asiot TR ARlE BARHCE AlFEE A
T 20| extriE WAt A 7|5 BYS AAXUORRE otk &gk
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A7E 7L Sl oflg7h dPARE B8l A9 715 Zyof FFH AY 7|F 2
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NCEP — National Centerfor Atmospheric Research (NCAR) AEA g & o]-&3)
GoMe) 515 7] WEAT} o U AAHEAS RASE 3 By 7ES )
wroto] slelAel we] Aglol Baelsich 1 Aak o mA sl WEAHeR
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Boundary condition problem Perfect boundary
(GCM data 'E‘I'I'OI') (e_g_.‘ reanalysis)

L4

¢ N

Regional reanalysis Regional forecast
(RCM error) (GCM error+ RCM error)

Figure 1 Two sources of systematic error in a regional climate model integration.



2. DATA AND METHODOLOGY

2. DATA AND METHODOLOGY

2.1 Global/Regional Integrated Model System (GRIMs)

o] 5tof| ARE-E 232 Global/Regional Integrated Model System (GRIMs; Hong
et al, 2013)0.2 AL By} X 7] B o| 3t A A" S0{9)= multi—scale
RO Y731 & (Regional Model Program; RMP)2 Hong and Leetmaa (1999)
of ¢Jste] 1 A7|7) &% National Centers for Environmental Prediction (NCEP)
Regional Spectral Model (RSM; Juang et al, 1997)9]|4 A% X ot} GRIMs—RMP
= AR g 22 gt B SYvAS 7HAAL QoA AeS Aok 4 qlew
S A EA7E gase AHS 7HAAL AT (Juang et al, 1997). E3F spectral
AAro QJo]A perturbation method (spectral filter)EAFEEFOZA HARIR ]
large—scale B> FAISPHA LS} s AFE AAFE 4= Qlet. o2fet A|H7|% 2=
Ol= 95}4 down—scalingsr dh= HHORE SAA HHOoR= AF 4= Gl large—scale
bl WA FPEO) MR TS RS 4 9lov], 2o AN Ao ek

Aele] TaikE us ABE 4 Utk GRIMs-RMPE] Bej214-8 Sofalo} x]elo]
el oju] HE% v} 91©™ (Yhang and Hong 2008a, Yhang and Hong 2008b),
A G715 Ayl 2 AYAHLee et al, 2013), 559 7H0- =3t 7|3 710 o (Lee
and Hong 2013)9|A= 11 45| HESEHSIC

A

rlr
o

N
=~

mi"
m

2.2 Bias correction methods
o] AqtoflA aefH eapHA7|H-E ohZo] Y|I7kA] Hwoltt
1) Ensemble average
GCM' = —Zj‘_”l GCM, (1a)

RCM = N%, >V RCM, (1b)

E:ensemble average, i : ensemble #, N, : total#of ensemble members
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Q] Ao A E= JAE H4f, i+ single member, GCM*Q} ROM 2 93 BA
H GCM HolHE et} e 3 ix} w2 7S GOM HlolE o] GFAHE:
S (GOM,)E Batsto] AFRF Y 5 B o= M2 RCME GCM T|o]
B (GOM ;)5 WHEIL o8 27|27 AAXACE ARGFo 2N A d&79]
single member”} 7FA|1L Ql= @25 &ol= WHolth (Ala). 22 7¥& RCME
ARz A8 el roy Aol AE8HAL wo] wHE ulws] 9]
Kipsh 2o wpol Row Avbo] AgETh 0% 1y Aol AgEA e
GOM Hol8& AR AWste] ROMO| Y& “ﬂ:‘ﬂ (RCM)E X373 &

I S Batsto] E Bat® RCM G157 (ROM )& AL

2) Anomaly nesting

GCM," = Reanalysis + (GCM, — GCM,) (2a)
Reanalysis: Climatology of reanalysis, GCM: Hindcast of GCM fest

RCM," = RCM,,,, + (RCM,,,, — RCM,,,) (2b)

gem

RCM,.,.. : Climatology of RCM forced byreanalysis,

rean

RCM,.  : Hindcast of RCM fest forced by GOM fest

gem

TR e AR AgtsolAl 7P A 200 Wom AEA AR 7194k
(Reanalysis)®] GCM single member®] op=@t2] (GCM,— GOM)E ¢lolFo]
GOM forecast7t 71431 QI mean k] 9348 WASFLE oIt (4120), A2a
9l Ao A overbar ZH2F AEA AmoF GCM H|ol¥ 9] 7| $-ghe ofn|sh= ZlofH,
i= GCM A|SARS] P& HH 5 574 single memberE A Hsh= Ao
anomaly nesting @2 27 7|2 A(1)9] &5 Bt o2k 24 7 g o
] membero] A-8EQTt} Misra and Kanamitsu (2004)= o] & AGCMo]| &
&5to] ot 2|7E Aol thgt HeS a5t en, 3:30U%t 30404 9] AtfE
£ 7 odf &% A9 MAdEE 2aE 2ok AN e oiiR e
anomaly nesting 7|'{ HA] @3} B 70| HEEA] b2 GCMZRE AYAHE
RCM Aol 2-8= ]It} (212b). A4 #AF=o] 7|95k thAl 24 Aws A=A

Mo &



2. DATA AND METHODOLOGY

o2 At RCM 23| 7|5k (ROM,,, )& AREBIRAL T ™ 2] GCM Hlo[E&

AR SR ARERE RCM 23] hindcast (RCM,,,, )= oR=de] (RCM,,,, — RCM,,,)
£ ek,
3) Anomaly nesting with standard deviation

GOM." = Reanalysis+ (GCM, — GCM,)Fewmmalvsis 3

Oaom,

O Reanalysis - Standard deviation of reanalysis, o geyy : standard deviation of GCM

AR e @)0] W Bost AHoE A (39 FHEL A9} Fausht
(2)¢] ®HHo] GCME] 7| 3ke AEA A= 7|34 o2 AT 2 =M mean state
o] HAL Aoz o]fojx|= WH, GCMY] variationofl= FaFe A Eot2
2, GOM2] o= 2o AEAALRE (0 pegnarysis )2 GCM forecast (040n,) 2] EEH
A B2 7FSAE Folmean Lo HAT variation®] HAS A starAk sk
o] M2 Xu and Yang (2012)°|A AREH @&} HA 7ol A 2kQbet Wiw ol
Xu and Yang (2012)0]4= AR 719 2] @2} HA 7[¥E 7|9 ¥3} Alue] e A
Aol Agsto] e AE Adek. o] W2 (2)9] WRdt upR7HA| 2 anomaly
nesting with standard deviation @} 24 7]¥] 9A] GCME] & membero] %

ERabiy

4) Ensemble anomaly nesting

GCMy " = Reanalysis + (GCMy — GCMy) 4)

(GCMy — GCMy)E A3, o5 F3l anomaly nesting 2%} 24 7|51 2] 7|
doll =& Bt 22k HA 7IHE FAlol 485t 54 single member7} 7HA=

035 A48 T A0 mean state®] WAL T A} ST,
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2.3 Experimental Design

GRIMsRMPE 53] 2005 7A-&e] gt otalol 419 752 At 2005
de 20141 Q7oA SAE AR 259 (19839-20079) 7e] A % e 7t 7
= ZwolAY ottt =9l SIS AlYJstal T FotAoF AL 7|%E tES 2
+ AHlolth, E3E 2005W 0= A= v S4S 7H St ARt dAgske] Al
W oA ] A A7 S-S HIIsH ol AHRL sfojnm & AR A
= o8 7k @2t B 7e 22 Aklof] 285t I FEFS BlaLskaat shelth
z27] 4 AAxA o2 QA AR} ARG 2o AdAS A7 F 7Y o]
E7F AREE AT A2 AR 2= GRIMs®| A4 RSMI AR 93 Bl E2jat
S 7FA]al 9J+= NCEP/Department of Energy (DOE) Atmospheric Model
Intercomparison Project (AMIP) Reanalysis II (R2; Kanamitsu et al, 2002) A}

£ o]gsto] BAI=S] ek I TS = Sle AR Hastelal, 2y
A 8] @A EAE = A sk Al ASAYel ARE 27] 3 AARAE
NCEP Climate Forecast System (CFS) ©& 2004{5-E| NCEPoA A& o= &
Qo= ALgE T Ut th7-sheF ATmFNA AL dloleoltt, 20119 3Y o] F
version 22 J1Ho|E F|Ql oL}, o] dAFtofA= 7] WA Q] CFS Ho|E & ARE-St
At (Saha et al, 2006), CFS= th7|®& S =2 Global Forecast System (GFS;
Moorthi et al, 2001), 3|9 2 &S Z Geophysical Fluid Dynamics Laboratory
(GFDL) Modular Ocean Model (MOMS3; Pacanowski and Griffies 1998), A &
& O F twolayer land surface model (Mahrt and Pan 1984)& AF&3}al Qlc} o
7] 27124 R2, ¥ %7]Z27HLE NCEP Global Ocean Data Assimilation
(GODAS; Behringer et al, 1998) 256 AlHch 2|0l 3RS B35t A He)=
A2 A7) 98] 119 119-159, 119 219259, 119 209-129 329] 27]%
A% 711 15709] QA weE A selon], o ATelAE 119 218 2%
Aol ARE olgaidlth, LARYINE A8elA] B F Hlolels AAzAow
ARERE ARlS ZH2F RCM_R2, RCM_CFS#} SFRITE (Table 1a). 2.2004 AAI7E @4¢
HA7IHE& RCMO| YYAtm = S07k= CFSof 21-83t A3E5S 22 RCM_CFS_ESB
(A1a), RCM_CFS AN (212a), RCM CFS AN std (2]3), RCM CFS ESB AN (2]4)
olg} alal, @x}HA 7| o] ZLE|A] kS CFS7F AWE RCMO| Ao e HHS
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A& HHSS 27 RCM_ESB (4]1b), RCM_AN (24{2b)°]2} 3t3itt (Table 1b),

= _

Ae QoS 7 13 o] ASHE Y di+fE w2 alEste] fHuet, 4, 5
=, =E EZJSE ofro} AL s on, s =s of 30 kmolt}, ARE
H &3] IPHL Table2d} 291, GRIMs package version 3,12 A5t 4 2] K9]
ARdollA ofe] X HAE ol Fopaloto] Adsirial wkE EejabydSolth
(Yhang and Hong 2008a; Yhang and Hong 2008b).

et Ax2rl] geole SA9] disiAs 0.25°%<0.25°9 =S 7R
Asian Precipitation - Hightly Resolved Observational Data Integration Towards
Evaluation (APHRODITE; Yasutomi et al, 2011) A}&2} 2.5°X2 5° A2 A+
sfjoF/SA] 734 AFE<Ql NOAA NCEP CPC Merged Analysis of Precipitation
(CMAP; Xie and Arkin 1997)7} o] €511, T2 4=3H4 EAofl= 2. 5°%2 5°9]
R2 A4 ApR7} ARSE ST
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Table 1 Experimental design.

a) Reference Experiments (without bias correction)

Initial & boundary condition Experiment
NCEP/DOE reanalysis RCM_R2
NCEP CFSv1 RCM_CFS

b) Experiments with bias corrections

Bias correction methods

Application to RCM input | Application to RCM output

Ensemble average

RCM_CFS_ESB RCM_ESB

Anomaly nesting

RCM_CFS_AN RCM_AN

Anomaly nesting with standard deviation

RCM_CFS_AN_std

Ensemble anomaly nesting

RCM_CFS_ESB_AN
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Table 2 GRIMs physics package V3.1.

Physical parameterization

V3.1

Deep convection

Park and Hong (2007), Byun and Hong (2007)

Shallow convection

Hong et al. (2012)

Cloud microphysics

Hong et al. (1998)

Longwave radiation

Chou et al. (1999)

Shortwave radiation

Chou and Lee (2005}, Chou and Suarez (1999)

Cloudiness

Ham et al. (2009), Hong et al. (1998)

Vertical diffusion

Hong et al. (2006), Noh et al. (2003)

Stable boundary layer

Hong (2010)

Orographic gravity wave drag

Hong et al. (2008], Kim and Arakawa (1995)

Convective gravity wave drag

Jeon et al. (2010), Chun and Baik (1998)

Land surface layer

Yhang and Hong (2008a), Ek et al. (2003)

Ocean surface layer

Kim and Hong (2010)

Ozone chemistry

Prognostic




12 | Development and assessment of optimal methods for regional prediction with bias correction

70N

60N 1

SON 1

40N

30N R

10N 1

EQ-

1054

A

60E 70E 80E 90E 100E  110E  120E  130E  140E  150E

160E

Figure 2 Regional model domain with terrain heights
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o3} w4 7Pe) AT A Es|o] A wE AA7} A1A T =7
2 awny] Sls) 4B RFRE AAZACE J9a ROM R2 AR 7|5gk
7153kt Aolg AH Wgtow Anuoit (19 ), mPL

= Aeejot 5171
Qtof| Al Bojubo= BAES kA molsly (1% 3a), A9] 719HS %iwdii
A (1 3b), 45 AEE A5 B BFE HAlTh (1Y 30), 3L,

ofr]o} A £-X]9] R F = | ROEL= UMY Maritime Continent2) QE—;
Chi 7l ORI (1% 8d). ALH BukolA A4METt SIA/sH Aele] 4
L SjehmofshAlel, WY Bt AR ok S8 Mol o2 Ueht
(2™ 3e). ol2let BHF Y| ATA A= Aetste] exp By 7Ho| avs AuE
AR} Qi

3.1 Impact of bias correction methods on simulated climate

3.1.1 Seasonal mean

ot ol A= @A B 7ol JFFS 4|
A7E FAZRASRE AR RCM R2 A3 vjwstelet, 7 AdES I5 A=<}
A vlastA] oFal AQEA AR E e A vu o RN 7SR ZA|
52 AAsI] AAIRHANA 7118k ol# &S vlawska}
skoleh 19 104 RCM R2 A2 A2 A5 E AHotglonz ny 2|9 of
2] 55to] wolglthal 7Hg3 4= 9la1, CFS tlo|HE AAXA R ARG ywz] A
T2 1y A9 oeis # ohet AA X2 R E 7]Qleh= 01]61~E Ao QL
oBZ RCM_R29Me] HIRE E3) 1y zA9] ogje} FAAZACZHES] JE
23 5 %E} Ol‘“ﬂﬂl v g AIE 5ol 7}” At ea; B 7S st

9] systematic error

I8 409 6= 2005 Aol digt 371 BHutH e dEhd o=
°f

=
RCM_R2 A2 Aed &89 545 & Yehlal ik 55 A9



| Development and assessment of optimal methods for regional prediction with bias correction

52| SEol LFAI A7Ie] fxIsto] AarsA FEf o
H, 7oA Eofute = BAFat A1719ke] 7Rt ol A 2
SR it (18 de), AARZCR CFS HolelE AFEE A1
2 Al|eo} 31719re] ZEE oFsbA| melshe, g9l 317]9ke ok
o HQITh (13 dbedn), ) T/|9HE ZsHA melshe
7HAAL Sl A A 22k & R ey (1 3a ),
Zpo|= Qs Uethhs dAdY o= ok HASHA] o8 CFS7
¥l RCM_CFS A@ol A& &9 bias7} Dej@s7ztx] vefar 9l
o] 7] RCM_R29]| M]3l A Yehdal vt (29 4b). o] gk df
71 4835t RCM_CFS_ESBI} RCM._ESBO|A] -AFSHA] UERLAL 9lo
RCM CFS A& HTR= negative bias+= 2F5}A|, positive biast= 7461 YERATH (19 4c,
4g). Anomaly nesting 7]%o] Z€= U] A% (RCM CFS AN, RCM CFS ESB_
AN, RCM CFS AN std, RCM AN)S R 0] ©x}9} ko] o x}7} Zolul 71t
£ Ha Awefgre] At VA= AR UEdTE (7 4d, 4e, 4f, 4h).
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wn

a)

LP & 10m wind b) 500hPa heigt cJ 200hPa wind

J

()

Figure 3 DJF mean difference between RCM_R2 and reanalysis data (RCM_R2-R2) for (a) sea
level pressure (hPa, shaded) and 10m wind (m/s, vector], (b) 500-hPa height (m), (c) 200-hPa wind

(m/s), (d) 2m temperature (K), and (e] precipitation [mm/day). Precipitation difference are calculated
from GPCP observation.
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b) RCM_CFS
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DJF mean 10m wind (m/s, vector) and sea level pressure (hPa, shaded) from (a) the

RCM_R2. Difference between the RCM R2 and the [b] RCM _CFS, [c] RCM_CFS ESB, (d)

Figure 4

and (h) RCM_AN.
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a) RCM_R? b) RCM_CFS
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Figure 5 Same as in Fig. 4. except for 500-hPa height (m).
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a) RCM_R? b) RCM_CFS

g) RCM_ESB

g = N
¢ 3§

i

Figure 6 Same as in Fig. 4. except for 200-hPa wind (m/s).
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a) height b) temperature
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c) relative humidity d) zonal wind
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g & & 3
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3 6

R;\o('\:/ze H‘lm\':?ty(;) L w?nd(’m/s‘) TR
e] meridional wind
—— RCM_CFS
B — RCM CFS ESB ------ RCM ESB
— RCM CFS_ AN ----o- RCM AN

——— RCM_CFS_ESB_AN

—— RCM_CFS_AN std

wind(m/s)

Figure 7 Root mean square difference of (a] height, (b) temperature, (c) relative humidity, (d)
zonal wind, and (e) meridional wind.
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3.1.2 Intra-seasonal variation

3.1.2.1 Temperature
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b) RCM_R?
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Figure 8
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Time series of daily mean 2-m temperature (°C; red line) and its climatology (°C;

yellow line) over East Asia (110-130E, 20-50N) during 2005/06 winter.
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Figure 9 Geopotential height anomaly (m) at 300 hPa for (a) NCEP/DOE reanalysis, (b} RCM_R2,
(c) NCEP CFS, (d) RCM_CFS, (e] RCM_CFS_ESB, (fl RCM_CFS_AN, (g} RCM_CFS_ESB_AN, (h)
RCM_CFS_AN_std, (i) RCM_ESB, and (j] RCM_AN experiment during day -1 to day +1 relative to the
cold surge occurrence on 2 December 2005. Solid and dashed lines represent positive and negative
values, respectively. Boxes indicate the centers of positive height anomaly at 300 hPa level. Contour
intervals are 50 m.
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e) RCM_CFS_ESB

Figure 9 (continued)
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Figure 10  Same as in Fig. 9 except for sea level pressure anomaly (hPa). Contour intervals are
5 hPa.
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e) RCM_CFS_ESB

Figure 10 (continued)
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Figure 11 Latitude-vertical cross-section of geopotential height anomaly (m) averaged over 120E-
140E for (a) R2 reanalysis, (b) RCM_R2 experiment, (c) CFS, (d) RCM_CFS, (e] RCM_CFS_ESB, (f)
RCM_CFS_AN, (g) RCM_CFS_ESB AN, (h] RCM_CFS_AN_std, (i) RCM_ESB, and (j) RCM_AN
experiment. Contour intervals are 50 m.
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bl RCM_R2

Figure 12 Temperature anomaly (K) during 6 = 7 Dec 2005.
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=
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Figure 13  Geopotential height anomaly (m) at 300 hPa for (a) NCEP/DOE reanalysis, (b) RCM_R2
experiment, (c) NCEP CFS, (d) RCM_CFS, (e] RCM_CFS_ESB, (fl RCM_CFS_AN, (g) RCM_CFS_ESB_AN,
(h) RCM_CFS_AN _std, (i) RCM_ESB, and (j) RCM_AN experiment during day -4 to day +2 relative to
the cold surge occurrence on 3 January 2006. Contour intervals are 50 m.



3. RESEARCH RESULTS | 37

e) RCM_CFS_ESB

Figure 13 (continued)
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Figure 14 Same as in Fig. 13 except for sea level pressure anomaly (hPa). Contour intervals are
5 hPa.
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e) RCM_CFS_ESB

h) RCM_CFS_AN_std

i) RCM_ESB

Figure 14 (continued)
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Figure 15  Longitude-vertical cross-section of geopotential height anomaly (m) along 30N for (a)
R2 reanalysis, (b) RCM_R2 experiment, (c] CFS, (d) RCM_CFS, (e) RCM_CFS_ESB, (f) RCM_CFS_AN,
(g) RCM_CFS_ESB_AN, (h] RCM_CFS_AN_std, (i} RCM_ESB, and (j) RCM_AN experiment. Contour
intervals are 30 m.
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e) RCM_CFS_ESB
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Figure 15  (continued)
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bl RCM_R2

Figure 16 Same as in Fig. 12 except for during 5 — 7 January 2006.
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Figure 17  Temporal correlation of 2-m temperature between R2 and the (a) RCM_R2 experiment,
(b) CFS, [cJ] RCM_CFS, [d) RCM_CFS_ESB, [e] RCM_CFS_AN, [f) RCM_CFS_ESB AN, (g]
eRCM_CFS_AN std, (h) RCM_ESB, and (i) RCM_AN experiment.
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Figure 18 Probability density distribution for daily minimum temperature over East Asia.
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3.1.2.2 Precipitation
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Figure 19 Time series of daily mean precipiation ([mm/day; red line) and its climatology (mm/day;
yellow line) over the Maritime Continent (90-140E, 105-20N) during 2005/06 winter.
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20

Figure 20 Precipitation anomaly of (a] observation, (b) CFS, (c) RCM_CFS, (d] RCM_CFS_ESB,
(e RCM_CFS_AN, (f) RCM_CFS_ESB_AN, (g] RCM_CFS_AN_std, and (h) RCM_ESB experiment.
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Figure 20  (Continued)
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3.2 Evaluation of regional forecast with GCM bias correction
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Figure 22 Time series of daily mean 2-m temperature (°C; red line) and its climatology (°C;
yellow line] over the East Asia (110-130E, 20-50N) during 1993/94 winter.
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Figure 23 Temporal correlation of 2-m temperature anomaly between observation (aphrodite]
and the (a) CFS, and (b) RCM for 1993/94 winter.
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4. SUMMARY AND DISCUSSION
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Figure A1 Temporal correlation of 2-m temperature anomaly between reanalysis and RCM
(initiated from 1 Jan 2006) for (a) Jan 2006 and (b) Feb 2006.
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Figure A2  Time series of 1000hPa temperature RMSE. Black line is the original CFS data (without
bias correction), and red line is the bias corrected CFS data.
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