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Abstract The spectral nudging technique is incorporated into wind fields in the regional climate model, RegCM3, and validated
with the 2003 meiyu event. The results show that, with the spectral nudging, the ability of the model to simulate a local short-
time scale climate scenario, such as the meiyu event, can be improved obviously. It can correct efficiently the circulation and
meiyu front northward biases which induce the precipitation northward biases during the meiyu produced by the model. Fur-
thermore, two key variables to the spectral nudging: the weight function and the intensity index are tested. From the compari-
son among two weight functions and two corresponding intensity indices respectively, we find that the improvement of the spec-
tral nudging depend mainly on the intensity coefficient. The spectral nudging with the weight function designed by von Stortch.
et al. in 2000 and the intensity coefficient set to 0. 05, gets the greatest improvement in the simulation of 2003 meiyu among the
five experiments. Although the spectral nudging can make simulated circulation close to the forcing fields and the position and
intensity of meiyu rainbelt close to the observation, respectively, this technique can not eliminate all the biases of the model.
The better simulation of those variables that are closely related to physics processes, such as the positions of the low level tem-
perature and the high temperature and high humid areas, should be relied on the further physics process improvement.

Key words Spectral nudging, RegCM3, Meiyu
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Fig.1 Model domain and the topography
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Fig.2 200 hPa zonal wind (unit: m/s) distribution during the meiyu period
(a. NCEP2, b. CNTL, c. SIGQ, d. SIGQ05, e. VONQ, {f. VONQO05)
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(a. NCEP2, b. CNTL - NCEP2, c. SIGQ—- NCEP2, d. SIGQ05—- NCEP2, e. VONQ- NCEP2, {. VONQO5—- NCEP2)
Fig.3 Distribution of the averaged 850 hPa wind and model bias during the meiyu period (unit: m/s)
(a. NCEP2, b. CNTL - NCEP2, c. SIGQ—- NCEP2, d. SIGQ05—- NCEP2, e. VONQ- NCEP2, {f. VONQO5—- NCEP2)
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1000 T T T T
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Wind bias (m/s) Wind bias (m/s)
B4 BABE YHV XX TE B L& S NCEP2 (194 22 4310 (a. iR, b, 2 pi R, ¥ :m/s)
Fig.4 Profile distributions of the zonal wind (a) and the meridional wind (b)
bias to the NCEP2 over the YHV (unit; m/s)
%2 KFHGIHE4r (20°—50°N, 100°—130°E)
Table 2 The statistical skills for the winds (20°—50°N, 100° - 130°E)
Qg B CNTL SIGQ SIGQO5 VONQ VONQO5
200 hPa [ R, 23 [ A OC R 5K 0. 883 1.000 1. 000 1.000 1.000
(m/s) 7 R 22 0.978 1. 005 0.995 1. 006 0. 989
200 hPa R, 25 (] AH G R 5L 0. 092 0. 994 0.963 0. 992 0. 962
(m/s) 07 M 22 1. 346 0.943 0.901 0. 944 0. 895
850 hPa £ X, 25 i) 4H 3¢ R %K 0.523 0.849 0.843 0.814 0.824
(m/s) Y7 M5 2% 1. 118 1.272 1. 241 1. 266 1.210
850 hPa Z [ R, 25 ] AH ¢ R %L 0. 705 0.878 0. 890 0. 869 0. 883
(m/s) 07 iR 2% 1.138 1.133 1.132 1.131 1.129
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PSR TR 250 1.0 558, KRR TE 564
2% S8/, X e SIGQO5 #T VONQOS, #5481 11
500 hPay B 5 W4t GOR 9 34 7 iR 220 1. 172 A
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1. 214 dagpm. & F5 HR 56 A9 1% 22 2. 149 dagpm B & (1) 700 hPa Y & 5 P43 #5209 359 05 AR 1% 22 43 ) by
WG 25 N KGR 700 hPa IR 5 54> 0.820 1 0. 824 g/kg, b HIR IR 19 0. 837 g/kg 1
MR AR G Z B4 50 0. 981 Fi1 0. 977, ¥ skl B/ H & 2 5508,

IR 0. 945 A7 B I £ &, T A 25 S AN s AL

50°N
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Fig.5 As in Fig. 2 but for 500 hPa geopotential height (unit; dagpm)
2001 @ 2 = 200 (n)
400 . 400 =7
< B < 1 —
o 1 & ] ==
£ ] £ ]
g 07 — ONTL g 07 — CNTL
D ] —- VONQO5 ) ] —- VONQO5
=800 - VONQ =800 - VONQ
] - SIGQOS5 ] - SIGQOS
] SI16Q 1 = ] SIGQ
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Fig. 6 As in Fig. 4 but for the temperature (a) and the humidity (b)
3 HAMK RS SR (20°—50°N, 100°—130°E)
Table 3 The statistical skills for the other variables (20°—50°N, 100° - 130°E)
BT £ CNTL SIGQ SIGQO5 VONQ VONQO5
500 hPa & J& 23 A FH 56 R B 0. 965 0.991 0.998 0.995 0.997
(dagpm) I M iRk 22 2.149 1. 645 1.172 1. 451 1.214
700 hPa i J&F 23 [a] FH 56 228 0. 945 0.974 0. 981 0.975 0.977
) ¥R 2 1. 061 1.019 1. 082 1. 000 1. 096
700 hPa [ i% 23 [A) FH 56 R B 0.793 0. 860 0. 841 0. 852 0.884
(g/ke) 07 i 2% 0. 837 0.812 0. 820 0. 809 0. 824
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3.2 EMENERESEW

A T B Y I A5 R B 8 AR Y 6 R O
JE o AR 25 i B R B TT DAAR S b 3R A AR T A 1Y
SR RS Tt S R AT TR = & A R 0 R VA T
{HZ B 34°N B (B B3 KO K2 B F 7
b B B AL /N L AE 400 hPa DL b 3 W1 A6 45 &)
(B 7a) . M 32 B0 1A W B ma ) () B5F g i B
K B K T BB . 8 A T 0 P AR 2
700—400 hPa Sy fi AR 24 057 1k /& {5 DX, % B T4 R 1
25 1) e U e 3 DX, O 7 T 30°N BfF I

e 1 X 56 o A T A AR 5 LI SR e L . IR
G DX 5 B 59, H 0 f b 57 3 L R AR (A
7h) . IS E T IS . Al B S A R
PG (B 7c—D i NCEP2 F 43 #7 9% %},
FL v Tk e Y DX B AT AR 55 5 A B G R AE O TR
I s T B A 35 8 3 6F AR )2 I R A0 A o AN B
8, SIGQO5 A1 VONQOS5 Hr iy %50 o Bl

1 DA B 43 A il 0 i e T TR R DL KRS
IR O 0y 3 IR AR AR B (R s
T Z W) P RS e T 2 Y IR L. AW
W58 A5 22 250 25 5 L ) 4 R 3% 2 A3 38 S 1Y
WRF2. 2 #8400 & R, A BT 36 3T 58 2435 FH BF it
HHE Y B KU AR AL, (T F & RS B 4 A5 00400 4
22 (Chaset al, 2011), AN A& 55, £
T X7 FO B 37 ) A5 HULERR A A R 2 L (N TR R
T BE N 5 22 % YT AH DG AT 2 e T e 1 PO B R AL AL
B UCHEIE AN B R, e AR T B R AU i 22 S i B
R 3T R R R 2 R P S X A 5 B T DX A
2P A A 5 R AN B R L 7S (R RUBE AN B R
JIN o 75 T 2 BR A A X X R N R R G R R
3.3 BWHEHEK

TRV K 36 2 B K B GBS L KR i ik AR
HFEAR 2 38 AT A 850 hPa 4 7K V& i 3% 43 A (I
8) 2 FRAE . Ay R IR A P I B IR W A K PRORTR
T I 0 7K 955 b T R A 55 K IR B % 7R VIUE IR S0
B+ SR G D855 O i 1) HAS A VL A A A W i K
VAR A . RegCMB3 & 06 25 L 3 78 VL UE I A7 7F —
AN e 22 (B 8b—1) . 33 AF Y 7K 5 1% i 22 {0
A4 ] VLY It S 5 1) K VR0 o R T S B o ek
AL 1% A T 0 A6 7K i 2 LGP 0 BT SR 55 . I AT
O . VLOUE R B RCRONE W 2= R 0 b,
VONQOS5 8 56 57 Gn itk 4B 78 52 A0 A6 1 199 O 22475
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SRAATE (1R 80) o 33X U ) S R 58 42 4K 8 335 3 3 > T
PR DG 25 30 75 22 O A S B R . X LS
XS TS () % 3 2 Btk T 8 0 i ) R B 1 E
T T e KBS A0 1) S0 fE T MO T 2 Bk O A
(Song, et al, 2011), X FAIA LAY 45 s —3. r
P 78 X6 DX A A 5 | A3 3 30 5 v B 0[] ) i
A B AR T S etk .

AU S A0 ) e L R S R 8 A 2T R B K AR
PIRCR BTG Ry 8125 — [R) E, [&] 9 45 1y 1 0 )
A TUZH 356 X5 107 18 A3 T S0 R K 2 A o ] L UL ) A
T % 7K 32 A T VT A s, P B — Ak b (&
9a) . il 1205 Y B A A U0 I A A A 4° A A s S5 4
AL B WAL XF R (B 9b) . 3% 38 T fE HH 5. Hb ol it
R KA AEL ] 9e—1) , 32 2 3R BUAE B /KA B e 42 ol ik
B rE F% SRR LI . g Ah AR a6 [ K 5 B i 55
TIN5 38 35 J5 B0 A e 7K A, B 4 3 ORI DA 2 ]
KRFD X AR RRTR 4 M 13X — . il e 7
] v DXl 5 U0 T 1 AH O ZR B R 0. 278 T A3 i
UTJG A O R B THF) 0. 451 LU F L, VONQOS 1 41
KEAEBE K EF) 0,555,

RS L U AT 5 A i X, BB R K
MERECH - 0. 15, B HRIZRZE K 11. 56 mm/d,
PNATE 38 3T J5  JC 18 IAH OC 28 B0k I 24 07 AR 22 1
X A GBS R AR T Rk . ZRERE .
VONQOS5 1 850U 5 o (LB

1 it Sitie

v ik RegCM3 455 2 X 5K iy < i B4 3 455 480 i
BRI IGE A SCHE % X3 A 55 2K o A5
AT ZE S 6 UE % A ST 6 T X s A X A AR L A
WCHERE T IR E T AR AN [ 1 3 A TR e A K
AFE B PR AS AS [r) 5 3 R 0 UL R . X 2003
A VT YA I 1) 2 3 R KBS0, R AR AR

(1) 3% 38 3T AN fE 2038 X AR 0 T 400 2
Rk RS RLfE 77 (Cha, et al, 2009; 4 %E,2011),
A, B A - b A DX A A X %o B Rt () R ) A
TR AR I HG S AR I 0 20 2 1 P O T R 4G
a5 /IS T 8 a2 A AR T 2 e 553 s A 1 i
A6 AR AR 25 200 O 5 O b P 58 2 (RS 400 ) B B
LRI ER ., IR H BRI A EA 158 T
— R B IE T4 K 0 A I R B AL A
ST I 4. s H & 850—500hPafiy ik 2 5 1 %
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Fig. 7 Vertical structure of the meiyu front, averaged over 110 — 120°E
(a. NCEP2, b. CNTL, c. SIGQ, d. SIGQO05, e. VONQ, f. VONQO5; the contour lines denotes the pseudo equivalent

potential temperature, unit: K; the shaded area denotes its gradient. unit: K/(°))
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20 LI ‘ LI ‘ T T ‘ T T T ‘ T T T ‘ T ’\ T T ‘ T r\ T ‘ 1T ‘ 1T ‘ T T

100 105 110 115 120 125 130°E 100 105 110 115 120 125 130°E

8 HMEFH ] 850 hPa JK VA i ik M A0l I 22 (A7 - kg/(m « s)
(a. NCEP2, b. CNTL - NCEP2, c. SIGQ—- NCEP2, d. SIGQ05—- NCEP2, e. VONQ- NCEP2, f. VONQO5—- NCEP2)
Fig. 8 Distribution of the averaged 850 hPa water vapor transport and the model bias
during the meiyu season (unit: kg/(m * s))
(a. NCEP2, b. CNTL - NCEP2, c. SIGQ—- NCEP2, d. SIGQ05—- NCEP2, e. VONQ- NCEP2, {f. VONQO05—- NCEP2)
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(a. APHRO,b. CNTL,c. SIGQ,d. SIGQ05,e. VONQ,f. VONQOS5; 47 T £ K7 2 7% ik BB 400 1) A 1 A6 7 5 0300 ) 23 ) A G R 880
Fig.9 Spatial distribution of the precipitation (unit: mm/d) during the meiyu season
(a. APHRO, b. CNTL, c. SIGQ, d. SIGQ05, e. VONQ, f. VONQO5; the values at the right-botton corner

of the figures denote the correlation between the model results and the observation)
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