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Abstract This study assesses the performance of the Weather Research and Forecasting (WRF)
model in reproducing regional climate over CORDEX-East Asia Phase 2 domain with different
cumulus parameterization schemes [Kain-Fritch (KF), Betts-Miller-Janjic (BM), and Grell-
Devenyi-Ensemble (GD)]. The model is integrated for 27 months from January 1979 to March
1981 and the initial and boundary conditions are derived from European Centre for Medium-
Range Weather Forecast Interim Reanalysis (ERA-Interim). The WRF model reasonably repro-
duces the temperature and precipitation characteristics over East Asia, but the regional scale
responses are very sensitive to cumulus parameterization schemes. In terms of mean bias, WRF
model with BM scheme shows the best performance in terms of summer/winter mean precipita-
tion as well as summer mean temperature throughout the North East Asia. In contrast, the sea-
sonal mean precipitation is generally overestimated (underestimated) by KF (GD) scheme. In
addition, the seasonal variation of the temperature and precipitation is well simulated by WRF
model, but with an overestimation in summer precipitation derived from KF experiment and with
an underestimation in wet season precipitation from BM and GD schemes. Also, the frequency
distribution of daily precipitation derived from KF and BM experiments (GD experiment) is well
reproduced, except for the overestimation (underestimation) in the intensity range above (less)
then 2.5 mm d ™. In the case of the amount of daily precipitation, all experiments tend to underes-
timate (overestimate) the amount of daily precipitation in the low-intensity range <4 mm d'
(high-intensity range > 12 mm d™"). This type of error is largest in the KF experiment.
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o] H<QItH(Easterling et al., 2000; Alexander et al.,
2006; IPCC, 2013). o]&gt 7|5 slo]| 2= 835
7] fsiM e WA 71FHstE H s olsfstaL, ol&
A A A Fste Zlo] Fasith

Z]<+ World Climate Research Program (WCRP)l|A]
FHsh= A AFYe] U3e 2 The phase 5 of the
Coupled Model Intercomparison Project (CMIPS,
Taylor et al., 2012)7} P Ao, o] & Faf A
T H3E Y (coupled general circulation model)
Representative Concentration Pathways (RCP; Moss et
al,, 2008) AUzl & &-83 7|5Hst AF A7t
ghits] AP E 7 Ith(Baek et al., 2013; Giorgetta et
al., 2013; IPCC, 2013). 28y o]& sk A+ 239
Aok Re YRR ddstel AR /15 Yu
£ =]l A7 ok v, A7) By
At AP & T NIToEN FAFRY
71538t AFtellA w83 =72 o]8HAL Q)
t(e.g., Giorgi and Mearns, 1999; Boo et al.,, 2004;
Im et al., 2008; Ahn et al., 2010a, b; Hong and Ahn,
2015; Im et al., 2016). #<Z FEvete ol 7He] A
971324, =, RegCM version 4 (RegCM4; Giorgi
et al., 2012), Regional Spectral Model (RSM; Hong et
al., 2013), Weather Research and Forecasting model
(WRF; Skamarock et al.,, 2005), Seoul National
University Meso-scale Model version 5 (SNU-MMS;
Lee et al, 2004; Cha et al., 2008), Hadley Centre
Global Environmental Model version 3 regional climate
model (HadGEM3-RA; Davies et al., 2005)2 ©]-8-3}
o =A F&ATF< Coordinated Regional Climate
Downscaling Experiment (CORDEX) &-o}A]o} 1THA|
A E #Hod3tA oM (Lee et al., 2014; Oh et al.,
2014; Park et al., 2015), ©]oll ©3}od 12.5 kme| 373
BEE THE e S7hRE 7R Al er
AbEsldTh oleh AHEE o] AgPAFolMe A
71FRF ] AR 715 i3 ReJFES ASEIAL,
Foprlol A g o] WY 7§ Wt dAws
A A 53 THARn et al., 2014, 2016; Im et al., 2015,
2016; Cha et al., 2016; Choi et al., 2016; Lee et al.,
2016a; Oh et al., 2016; Suh et al., 2016). Ahn et al.
2016y th AA7I1FRY PEES &3t RCP
Alvte] @ geke] S8 b wsk A-S Al B

=718k 7] Al279 15 (2017)
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o™, Choi et al. (2016)2 U3 AEE ®F AT
A 4=(Standardized precipitation index)E #24&}e] P
g A9 e vy 7hE W3k A A s

YWY A7 SRS o &3 FAR S - A}
$8 B9, Az, 29 9 =gy =Es)
Soll met 2 A3t AdelsiAl vebdthHam et al,
2005; Oh et al., 2011; Lee et al., 2016b). Ham et al.
2005y &LF =03 AR Al 7Re] Aq71FR
J(WRF, MM5, RSM)S o|&3ste] Fvld HFs
o gk WRF 289 moXso] ¢35 A
). Lee et al. (2016b)2 Consortium for Small-scale
Modelling (COSMO)-Climate Limited-area Modelling
(CLM) (CCLM)Z °l&ste] ~oE" viHd me
CORDEX §opr|o} 2] goje] w= 43S 4
NS, o1 Fa| CCLM AA|e] o453t 2]
£ g 238 ks ol datel, ofy A
YA ME A e B3t Pero] me mYo] wo
ol Wgsll W 4 ATk AN Oh e
al. 2011y RegCM4e] AAZA 2 A-e Bsl W
ks gejete] RIZtE HES FASHAAL, Emanuel
29 B8} ko] CORDEX sotAlol 194 49
71§ Ro)oll A 93 oY ss Rtk A ST

£ Aol A= CORDEX EolAlof 28] ool
g WRF =& HHo| ne| &3S F5317] 9
A& B8t ke geEjste] Ry RiztE A9
FBIATE 28X = 2 Ao AREE A 97]F
3 B AddAe A AR, 3 e A
248l Wk w2 WRF 239 Folrlo} 7|%
o] FEZ AT rAIT e R 4ol &
7o g9 g AEE& AAEAT

2 A AH8E A ¥ 7] 232 National Center
for Atmospheric Research (NCAR)o|A] 7]'2¥ WRF
version 3.7°]t}. WRF 282 ¢d 454 v FA
(fully compressible non-hydrostatic) =822 43 &
A= Arakawa-C AAF AAS AREslE, AFAHA=
Aol A st 7y AF HxFE AREg
(Skamarock et al., 2008).

B AFoAE CORDEX Folrlo} 297l #) 4 (Fig.
Dol @A 7155 Adst7] sl WRF 2@ 27]
9 AAZ7ACSZ European Centre for Medium-Range
Weather Forecasts (ECMWF)o| Al A& 3l= ERA-
Interim (ERA-INT) AEAAEE ARSI ERA-
INT AENAES] FHAYEE F 0.75°x0.75%] 2,
AZ¥ed == 6A17F 7HA o] tH(Simmons et al., 2007).
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Fig. 1. Analysis domain and topography.

Table 1. Model configuration used in this study.

Contents Description
Horizontal dimensions 395 x 250
Horizontal resolution 25 x 25 km
Vertical layer (top) 30 eta levels (50 hpa)
Lateral boundary condition ERA-Interim

Buffer zone 15 grid points
Integration time step 60s
Spectral nudging Yes

2 ZF 2778gel™, 7] 3/1¥€¢] A= Spin-up 7]
7to 2 BAo AR &dt)h 2y FXHE 7H
AL 60x, B4 EFHAZ L ANAL 308, A&
Eg e AALe sEo g2 7kzh At Ay
FHAEE 25 km=E FALFOR 39570, FE
o7 25070 AR FAEEH UL AHORE 50
hpaZbA] & 3070¢] Fo2 FA ol gk, diqt
B 7HAE AR AwEe 9 AARALS gAK
& (Specified zone)©| 171 %, %A < (Relaxation
zone)°] 147} FO2 o]Folx glom, BP9 AF
Has £0)7] $18le] 2= EZ YA (spectral nudging)
7]%¥ (von Storch et al., 2000; Cha and Lee, 2009)
2 -3l tH(Table 1). F¥o) AH8H Eggow F

P

od 1o,

Table 2. Experiment design used in this study.

2 AS- - Al 107

EEd Wk WRF Single-Moment 3-class (WSM3,
Hong et al, 2004)%, SAMEE] W<k Community
Atmospheric Model (CAM, Collins et al., 2002)2-, #|
™ 29 Noah Land Surface (Chen and Dudhia,
2001)E, 12]al 34 ZAAIS ek Yonsei University
(YSU) "<HHong et al., 2006)S AM&3+91tt.

2 elMe A 238k ¥eke] CORDEX &t
Aot 22tA] A 7% Bojof| vX= FEFS Lolr
7] A 3714 A Est Wb [Kain (KF, Kain,
2004), Betts-Miller-Janjic (BM, Betts and Miller, 1986;
Janjic, 1994)9} Grell-Devenyi Ensemble (GD, Grell
and Dévényi, 2002)]2 o]&3le] = AHES 48
SIAtH(Table 2). W% A AM8E KFe} GD
ek 25 A & 53 (mass-flux type)oE A&
I 4 371 Aelell doju= §Y /-2 (Entrainmet/
Detrainment) ZH8 3} 22 W52 A2 AF £& 3
Ao mH ofAR; RS FI7E AR R Y]
Aol mRle S ALete W olth KPRk
Convective Available Potential Energy (CAPE)el 7|4k
gk T4 7S AHESH AR A SEE ol&
sto] tffF B ARE AASa GDWURFS TSt
T4 7 4 mast S et diRA s
molgit}, ol9t ¥ BM ek WiF =3
(convective adjustment scheme)2.Z =0 7]4k3k
Qe HFES A4 BEE o83, thefst o
g0 iz =% ¥ FE9] AuHE #Fe] AF
X2 BEAATI= el

2 AFolA = FolAlol A tidk WRF 239
715 Bodes AT Slsl 0.5° 7+4 9] Climatic
Research Unit (CRU, Harris et al., 2014)2] €3 7]
< 9 AFEAse ARSI A4HSe] THE
Global Precipitation Climatology Project (GPCP, Adler
et al, 2003) €3 FFAEE o] &3

W
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Figures 29} 32 717} o538 2 AL H#t 7|2
o] I7E-¥9} 7+ AE(CRU, ERA-INT, KF, BM, GD)

Experiment KF BM GD

Microphysics WSM3 WSM3 WSM3
Shortwave/Longwave radiation CAM CAM CAM

Surface layer Monin-Obukhov similarity =~ Monin-Obukhov similarity = Monin-Obukhov similarity

Land surface Noah
Planetary boundary layer Yonsei University
Cumulus scheme Kain-Fritch

Noah Noah
Yonsei University Yonsei University
Betts-Miller-Janjic Grell-Devenyi Ensemble
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Fig. 3. Same as in Fig. 2 but for winter mean 2 m temperature (°C).
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(c) ERA_INT - GPCP

Fig. 4. Same as in Fig. 2 but for summer mean precipitation (mm d ). Notice that the contour interval is not uniform in the

figure.
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16°C ©]3te] wre 712 R¥7F Yehta, ole) gz
Ao g Reg EFF A9 A HS 25°N o|sh
dlME 24°C o] w2 71 BRI} UEhdth &
gk, Foprlol A9 oF 712 A= ALEelA 1L

A== 445 Pashke 545 EAth(Fig. 2a). AY
71FRE ] SARA AAE S RE AHE-E ERA-INT A
A A5 gl 29 F FE AeF AoA 71
o] HAp7} =4 Jehdth(Fig. 2c¢). ©1213 54& WRF
REe] Aol ME fFAkeAl ERAINE 2 HAte]
A7 A971% 2 A#7F ERA-INT Hoh o =2
+ WRF =3 o] Aikel 2714 H (added value)
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A5 7129 A 2 5 SEAY 7 UA
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Fig. 5. Same as in Fig. 2 but for winter mean precipitation (mm d™"). Notice that the contour interval is not uniform in the

figure.
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Table 3. Information of latitude and longitude for the

analysis regions.

Analysis region Latitude (N) Longitude (E)
CORDEX2 10~55 80~155
South Korea 33~38 124~130
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Fig. 6. The BCR diagram of seasonal mean 2 m temperature (°C) over CORDEX-East Asia phase 2 domain during MAM (a),

JJA (b), SON (c) and DJF (d). The size of circle indicates RMSE.
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Fig. 7. Same as in Fig. 6 but for seasonal mean precipitation (mm d").
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