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Abstract

This study compares the summer monsoon circulations during a heavy rainfall period over the Korean peninsular
from 11 to 18 July 2004, simulated by three widely used regional models; WRF, MMS5, and RSM. An identical
model setup is carried out for all the experiments, except for the physical option differences in the RSM. The
three models with a nominal resolution of about 50 km over Korea are nested by NCEP-DOE reanalysis data.
Another RSM experiment with the same cumulus parameterization scheme as in the WRF and MMS5 is designed
to investigate the importance of the representation of subgrid-scale parameterized convection in reproducing monsoonal
circulations in East Asia. All thee models are found to be capable of reproducing the general distribution of
monsoonal precipitation, extending northeastward from south China across the Korean peninsula, to northern
Japan. The results from the WRF and MM5 are similar in terms of accumulated precipitation, but a slightly
better performance in the WRF than in the MM5. The RSM improves the bias for precipitation as compared
to those from the WRF and MMS5, but the pattern correlation is degraded due to overestimation of precipitation
in northern China. In the comparison of simulated synoptic scale features, the RSM is found to reproduce the
large-scale features well compared to the results from the MMS5 and WRF. On the other hand, the simulated
precipitation from the RSM with the convection scheme used in the MMS and WREF is closer to that from
the WRF and MMS5 simulations, indicating the significant dependency of simulated precipitation in East Asia
on the cumulus parameterization scheme.
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for Atmospheric Research) MMS5 (Fifth-generation
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Fig. 2= KMA (Korea Meteorological Administration)
= 722} GPCP (Global Precipitation Climatology
Project) (Huffman et al., 1997) #Z A2 & 0|83}
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Fig. 1. The daily evolution of observed precipitation (mm)
averaged over the Korean peninsular in July 2004, obtained
from KMA surface observation network.

(b) GPCP

Fig. 2. Accumulated precipitation (mm) during 00 UTC 11 - 00 UTC 18 July, (a) obtained from KMA surface
observation network, and (b) the corresponding GPCP observation. Contour intervals of precipitation are 50 mm.

Values greater than 50 m are shaded and contoured.
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FH AE SAHLE 300 mm o} AE 7| =3}
At (Fig. 2a). 11¥ol= W= HAHS 233t 55
W] izt 7 AS FAH2E 3L 150 mm
ool A& WHoH, Fupdde] dFd ¢ o
MES F402 YH UEL ShEA B uE U
o o] 7|2t et SR A oA ik, A B
Aoo 2 YAoN BE o Ueht YAl 3
oh 1Ale] B4siel BRI WF B9 & % 9t
(Fig. 2b).

Fig. 32 NCEP/DOE(Department of Energy) A&
A A& (Kanamitsu ef al., 2002) (RA2)E ©]-&3}¢]
2004 7€ 11<¥ 00 UTCHE 7€ 18Y 00 UTC7}A
Bg Tl digt ™otk §iH 7S 29
(Fig. 3a) SPgA oA =S At Y& EH71R]
AUF7} A8, 1 5ol FHB Y 2710l
FL A Goll= tiEA 7I9e] fRIst] AP AU &
TkA7]19] 7P A& ek 7 kol A= (Fig.
3b), EEHE Y 174 ABRFAE "2 EA7F

(a) SLP

(b) 850 hPa Wind & RH

v/‘/‘ >\,/ T4 l N Al‘ Y

T

7h 23 8% 3718 J5EF A9Q e 3k
O 2 o|fAIA YFESHE0] ABtEHE AS E 5+ U
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gt 93 4 FASh gFd ASAAE (Fig
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e W B A AEAE AT Y] 913
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A2 TtE FAFo-e-oF A AP QA T
Ao Z BAE) (Lee et al., 1998; Chen et al., 1999).
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o @toll AREE AI7HA A 2g 2 MMS, WRE,
RSMolTh MM5 BHL 34 1447 (Non-
compressible non-hydrostatic) LE O 2 = ZHA|=

Arakawa-B A2} JAE ALt 9z AR 2]

(c) 500 hPa GH & Temperature

30

Fig. 3. (a) Sea level pressure (hPa), (b) 850 hPa wind (ms’l) and relative humidity (%), (c) 500 hPa geopotential
height (m) and temperature (K), and (d) 200 hPa wind (ms’l) and geopotential height (m) averaged for the integrative

period of RA2
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< Wet7b= Al 1uk #3E A (0-coordinate)E AR
- ARE Ao R 13} 547 (Leapfrog) AlZE 4
e Agstgon ozl dalks 23 54
H2 (2nd order centered differencing)& ©|-23kc}. 4=
g St ke 2= A dhsliAl= 23k, Wi A=t
Aol TSV 47} A WIS Apg R,

WRF 3-8 9 924 ]34 (Fully compres-
sible non-hydrostatic) & © 2 4% AR|= Arakawa-C
A7) AAZ AR A% A2 Fulerian 2%
ZHE A (mass-based terrain following coordinate)S
AT SX A MMS 2%} 2] 3% Runge-
Kutta split-explicit A|ZFHE-S ARE35IH o] F-&of o
AL 63 54 AR S TR ok Bes P
o 2k A& ARgste] A, 25, AERY, &
Zelere mEgi

RSM 2L ALA| 2 02 MMS5 23} WRF 2
G7o] 97 A2 AL vk A0 25
(0-coordinate) & AF-gHT}. At e Ao B
= Solg 24 AN Ageln, ARY E
A4 ARAY 22 A5 A W (perturbation
nesting method) &2 4] RSM 22 22 19 4
54 duoln R Ae ATRY B 47 4%
oA d5H RS AT wEh RSM EFS
WRESHMMS 293} th27] 23 W5e] 22871
AT EE 47 A4 ANE Agslel e 308
O A& 2AE £Y & = 540l o A7
HyPo 2 FEg ol Jlrh. RSM EF-2 o]t
32 Egoz mye ARG B2 ne A}
WRFL} MMSo] u]3ko] Tlzksha) gk Ao 2 BAs)
it (Juang and Hong, 2001). RSM 22 T35} 5o}
Aot Bt BRiY AFE08 vnd F woshs
Ao 2 AAJE vl Ltk (Hong et al. 1999).
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Table 1. A summary of numerical experiments for three regional models.

in the WRF experiment.

WRF, MMS, RSM EFoflA RoJ3t 2004 7 11-18UE] Fobro} £&2f v

Fig. 4. Regional model domain and orography. Contour
intervals of orography are 200m. Values greater than 1000
m are shaded.

AHOR, AR} = 109 (FA)) < 86 (H&)2=2 435t
Rk (Fig. 4). 27] A=} FA A=me 4474 2.5°
x 2.5°9] NCEP/NCAR A|EA A& (Kanamitsu et
al., 2002)7} AREE T, S &% A7 E OISST
(Optimum Interpolation Sea Surface Temperature)
version 2 (Reynolds et al., 2002)5 AMESFTE A&
AJZHS 20049 79 119 00 UTCHE 7¢€ 18Y 00
UTC7}A] 168 A|7to]t}.

Al B BE Belabge HaHon A8 4 9
o} o] ATNE A mao] B2 HAL s T ]

At =2 S ARESHRAL, RSM A oA
243l 5 =9, BA =8 Ao HE F
=37} th2c}h. WRFE ¢ MM5 AF 9] 1282 714
(MPS; MicroPhysics Scheme) 2 Simple ice (Dudhia,
1989)0)H, A1} I4(CPS; Convection Parame-
terization Scheme) new Kain-Fritsch (Kain, 2004)
olt}. 34l ZAS(PBL; Planetary Boundary Layer)
243t 7HH-L2 YSU (YonSei University) PBL (Hong
et al., 2003; Noh et al., 2003) H¢lto|m], 2| & 4=3}
IA(Land Surface Model)2 OSU (Oregon State

A= 5
L [e)
'EZ%]'E

3

—” denotes the same option as that

MPS CPS PBL LSM SW_RAD LW_RAD
WRF Simple KF2 YSU 0SU Dudhia RRTM
MMS5 - - - - - -
RSM WSMO SAS - - GSFC GSFC

RSM_KF2 WSMO - - - GSFC GSFC
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University) B¢F (Chen and Dudhia, 2001)& AR5}
Rk EAF 23} jioko 2= AR AHLW_RAD)
A= RRTM EA} 235} "ot (Mlawer et al.,
1997)&, dIEAHSW RAD)o]| ojdjA+= simple
MMS35 ®eF (Dudhia, 1989)& ARSI HAA 4=
E4 9] 749, WRFLF MM5 AE-2 Simple-ice Wt
(Dudhia, 1989)& A+&-gH ¥HH RSM AE-L e 2
AptE Zh=2] (Hong et al., 1998)E ARS-3H AT
RSM9] EAl#}A-& GSFC (Goddard Space Flight
Center) W o 24 dul EAR= Chou (1992) ¢}
Chou and Lee (1996) BoFS AulEAL= Chou ef al.
(1999) "<k A3tk e mas} o) 72,
WRF2} MM5 4132 New-Kain-Fritsh (KF2) ®¢tF
(Kain, 2004)Z& ARg-3F ¥IH, RSM A2 RSM 23
9] 7)1 & "ol SAS (Simplified Arakawa-Schubert)
scheme (Hong and Pan, 1998)2 AME-3I9T) &2 =
a7t Hmolo] U7Eho2 o] AToIX WRFS}
MM5 A3 S5 ekel KF2& RSM 23o] 42
3 A9 (RSM_KF2 A8 AAshelcs.
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Fig. 5. Comparison of simulated precipitation (mm) during 00 UTC 11-00 UTC 18 July 2004.
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Table 2. Statistics of the bias (Bias) and pattern correlation
(PC) of simulated precipitation averaged over the whole
domain. The best scores are highlighted by bold values.

Bias PC

WRF -0.87 0.50
MM5 -1.23 0.44
RSM 0.11 0.42
RSM_KF2 -1.16 0.46

I (Pattern correlation) A4 F A 2% =3}
W Ee}o] Z4FS A BeJoh wHE, WRF Algo]
MMS A et 24358 okt B molehe] HApe
Z7HAZITh WRE AIES MMS A1go] vlstel 3k
Ape] et HA, SEAL) B4 B Belel
of B} A5 FeS BT RSM AL BAlol
A wE It SRR B4 ke WA
mojshin, MMs A% vk 2 st 42
7} TfefabA] wejElo] WRF Agict Apws Hoj
o} BFHo|| A2 B3} Wk KF2 2 thX|gHRSM_KF2
AolA= 2o i) FEj7 WRF2F MMS A3
ol A EolHE AN A RS & o T B3 A
= @A AA 2o|F o] HANE F HF 2 Ao
e e

Fig. 52} Table 204 & = Ql5%0], AHH4 22 WRF
Ado] AutdAy HdE A4S 7P 5t 29
SFRT:. Rbe e T3 - AR A & 2AL
3FWRF A9o] 7H 9432 & 4= Utk RSM 2] A2
R0} Heke KF22 ti2]g A9o] WRF ¢ MMS5 4
A el ZHshe Aoz nRo £ 0, 2 Hs
of oA AL w3l Wik F8/4dS o o k-

4.2
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oy

Fig. 6= WRF A3 9] Aughol A RA29 1o 2t
o|& Uehd ¥ oltt. 850hPa of| A REAHat 3]
F 293 Y& o 5890l U, = d5
I U2 FEE oM dx Yol FEF o2 e
t} (Fig. 6a). WRF A2 vlg-2 x| &g o2 ofs}
A7)0 FHkE Bo] 31 5 ms-' & oFaE ik 2
£ 500 hPax} 200 hPaojA] RF =S A0 2
&2 1 1 °K 24 9582 1 °K A 295t
B LERHEE FBHAF T (Figs. 6b 2} 6¢). o
FHAA G 71U =Y oFFkel B 200 hPa H

o] vl = BB} oFstA RO E Tt (Fig. 6d). ©]
gt 542 MM5 AFoA e H3t g o2 B4
Holon, o]z FEY LEH =L S AIER
{18t WRF2F MMS5 A § 9] Zheego] PEH Tt A
ol o]5d Aolck. RSM g 9] ¢ JA| 227
= 9] O35l7} mojE= HgFo] Yoy HAke] 2717t

£ F 23of v|ste] gttt

Fig. 72 4 $=¢ 229 g9 B 2249 A
2] E3z o], Table 32 T3] 9o FH3 A4 A
= 7o)t} AukE o2 RSM A g o] 500hPa] 2=
£ A5t MM52L WRF A Eth RA20| 2348
o 4= 9lth. WRFSIMMS =A@ BE FEH 02 1
F4d sHEolA F, ST YeRA|TE o]of H]3]
RSM AEL o] 2a5 &0l Ao] FH3le}. ojet
#Hsle] WRFQF MMS 43S 850 hPaoj|A] =9}
Ais =] AHErt RSM A E ot WA Yepdet
RSM AL 500 hPa HE 402 AZ317}, WRF
oF MM5 A3 300 hPa W& F4 02 H&3t v
e, i 78 F3ol4 RSM Ao Ao oF
gt 2137 yepdth RSM_KF2 A2 ti#4 3k
9] 2&5 57AI7]aL 300 ~600 hPa FHALo] o] A&
TE 377l EAE Hol= 5 WRF ¢ MM5 4
Ho| Adute} gt A o2 B o, e EE T
T A el AYet IS T AU S+ 3
t}. g, 200hPa o4} WRF ¢ MM5 Ag 9] 2
Z3lo] H|3| RSM A g2 AeE 22 B3l A
$lo] RA2 & fARE A7HE Hol=t|, o]& &84
o] obd RSM 9] EE3 A Ao 7]3k= 20| of
d7} A &gict
5. Q9 o A=

B Ao AE2004d 79 11U RE 18U7HA] W
Q1 Al A o2 WAYet e E Ste JFE -
4 Fobro} 9 X Koo dE] ANEE] &
WREF, MM5, RSMZ o]-&3} 53599 29| 58
< v, FrIsilch Al 23] g9 9 A HA=
RE FYsHA st T3l WRFSF MMS A9
o] 2] T E3H ZA st3len, RSM A3 94| 7¢
T3 & FAH AASHATH FE 992 SEEA
JolA =S T4 0= oF 50 km ARZ 519 o1
ZHE717Fe 79 11 00 UTColA 7€ 18Y 00 UTC
7HA] 168 A1 7k o]t}
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(a) WRF-RA2 850 hPa Wind & R.H.
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Fig. 6. Corresponding difference (WRF minus RA2) for (a) 850 hPa winds and humidity, (b) 500 hPa temperature,
(c) 200 hPa temperature and (d) 200 hPa winds. Light shaded areas in (a) denote that the model overestimates
humidity by more than 10%, and dark shaded denote that the model underestimates by less than 10%. Contour
intervals are 2 ms" in (a),(d) and 0.5 °K in (b),(c).

Table 3. Statistics of the bias (Bias) and pattern correlation (PC) averaged over the
whole domain for 850 hPa relation humidity (RH), temperature (T), for 500 hPa temperature
(T), for 200 hPa winds. The best scores are highlighted by bold value.

Bias PC

WRE 231 0.65

MMS5 0.5 0.69

850 hPa RH (%) RSM 0.35 0.95
RSM_KF2 -1.72 0.94

WRF 20.82 0.88

850 hPa MMS5 0.42 0.89
T (K) RSM -0.43 0.95
RSM_KF2 029 0.94

WRF -0.01 0.93

500 hPa MMS5 0.11 0.91
T K) RSM 0.32 0.91
RSM_KF2 0.31 0.92

WRF -0.489 0.88

MMS5 -0.506 0.88

%,Sgld}f a(‘ms,l) RSM 0.576 0.89
RSM_KF2 0.576 0.89
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(a) Relative humidity
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(b) Temperature
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Fig. 7. Bias errors of (a) relative humidity and (b) temperature averaged over the model domain for the integrative
period. Solid line for RSM, solid line with open circles for RSM_KF2, dot line for MMS5, and dashed line for WRF,

respectively.

AukA 0 2 WRFQF MMS AL 734 Aujrl A=
AR FEE Holu, WRF E3go] MMS A3 A3
oA Hel SEAG] ot s Fol IS H|
S5 2oJ5tth. RSM A2 ZHako]| QlojA=
ARk © 2 &3 FARE e 2ostgl ey S
59 4 49 WA EEZAA 5 AR E= MMS
AE Aot AT HL 43} kS WRFSG
MMS5 Hgof| A ARE-3E Heto 2 x|k RSM A3 o
A 734 B3} WRF A@ A7t fAHH71 Aol H]
F0] & 1, oo} E RO|olA AL B3] F
f/90] AgRl= et T A= WRF AP g
HIEE SAHCR BRoRE 85 dRorEs 1
Z35HA 25t al vighS tiA|F o= ofshA| 25t
on, Fd 5459 95 T LEHES o
A FATE o]2]3t EAL MMS AF o A= H]5:3t 9
gog ZEAEglon, RSM AF Y ¢ JA| F&
T A St HolE= ARl oy HAt
o] 7= o F 2F B|ste] At} RSM AE2
WRF&F MM5 A EA T8 o2 Yepd diFd
515-9] G-, SIS FA7IE= Aol FRE

Z3A 02 WRF, MM5, RSM 2§ Zo||A] 7<=
HoJo A= WRF o], F3gol| 4= RSMo] Atf
Hog 94t mofgt 2o wyEth. WRF AE
o] MM5 Ag Rt E 52 2l 22 WREZL

oo =

MMS5 2gof H]ste] Fugt =2 AE AMESH| W
9l AL &2 XA =} (Skamarock, 2004). T3 RSM 4]
ol WRF 1 MM5 gt 5848 $4oi =
O3t 1 RSMo| £33F ZFgo|HA SAZA A
B9k ofy et 2y WA= HF FA (perturbation
nesting)ol| 2J5to] tiotE FHES F FAA7|7] o
£l Ao 2 EAHT} (Juang and Hong, 2001; Takle et
al. 2000). RSM 2§ o| 233 B ojof st aA = 7}
% ol WRF W] Altjal 0.2 945 Ahe 29
olf+= RSM EF 9| &3] 39| EA0A &2 + L
oh A7 2 MRF 29 £7) 33E Ageks
RSM B32 Z75 @4Jo] 248 & WRF 2o A7
W 3R WS W B okt 202 AREr
aAaeY =

o] @ §H TeHTre) SRC ZE el 7%
S AE 9} 71447 R&D A9l F719& Hek= &F
&71& WA ol o3 o] FHGFUTH EFT A
23 741 5 Bl A 9GS BAREE .
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