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Comparison of the performance of multiple operational
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Abstract: Due to the residual circulation of Typhoon Doksuri (2305), heavy rainstorm
events occurred in North China during July 29 to August 1, 2023. This study evaluated
the performance of three operational models at varying forecast lead time, including the
Integrated Forecast System of European Centre for Medium-Range Weather Forecasts

(EC-IFS), the Global Forecast System of National Centers for Environmental
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Prediction (NCEP-GFS) and the China Meteorological Administration Global Forecast
System (CMA-GFES). The possible causes of the forecast biases are also analyzed.
Results show that: (1) The forecast capability of the three models decreases with the
increasing forecast lead time. Among all, EC-IFS outperforms the other two models
with averaged spatial correlation coefficient (SCC) over 0.5 at lead time 24—120 h, SCC
of NCEP-GFS approximates EC-IFS when leads 24-48 h but significantly decreases
and fluctuates after 72 h, whereas that decreases to negative values in CMA-GFS. (2)
In terms of rainfall location, EC-IFS well reproduced the distribution pattern of the
heavy rain, while the forecasted rainfall in NCEP-GFS locates to the south of the heavy
rain due to the eastward location of the forecasted subtropical high and weakened south
flow; CMA-GFS predicts rainfall noticeably eastward, which is mainly caused by
shifted subtropical high and continental high, allowing the residual vortex to move
northward. As for intensity, all three models commonly underestimated the extreme
value of heavy precipitation. (3) Vertical structures of diabatic heating indicate that the
difference of model performance is mainly due to the uncertainties of parameterization
for model physical process. Almost all models are unable to accurately simulate the
precipitation-relative humidity tilting structure as in observation, implying that models
still have deficiencies in parameterizing sub-grid physical processes such as convection

and clouds, which are the main causes of model forecast bias.

Keywords: Heavy rain, Doksuri, Numerical model, Forecast lead time, Physical process
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B RBUR BB R FERRL—, WolERE . L. B, AR,
X ] PR 28 57 RN R A A W 72 22 A ) ™ A S (SR 55 AR 5%, 2014), TR LA B TR
T P o RA R E B HUE B A RG2S %, B
2 I TR AT 9 ek < ) 32 B2 - B (Shen etal., 20200 . 495551 2 B 25 00 I 57 B AN L0
VRO T 5 TYEAS A, 2016, EFFEE, 2019), BORHAAL KT Peig
P (E4 R, 2017; Zhang et al., 2019). #Ex0HE R A HE L FE 2 B0 I 7 42
it (Randall et al,. 2019; Yu et al., 2019), X PERES R 2T (Benjamin et
al., 2018; TLA7INEE, 20200 41, FEFRIR IS ROy, BRI 3 BOE Tk ol
(ECMWE). [ [EFHFE TR0 (NCEP) 22Nk 55 TR a6 11 B i =k
BIRPERT 3~4 R TR “7 « 217 JbRURF RN (FHHAER ALK, 2013),
ECMWF #a0 [H AR R R FEA TR 2498 (CMA-GFS) YRR RT 5 KTk
Ho“21 ¢ 77 EGHRE KRN (PGS, 2022), TR A BEK . 76 TRIUR
JiThl, CMA-GFS X Ry & LA Tk B2 A0 T AT 4 BRI T639 (5
T, 2018), BEKFHRIE A 2125 (Luo et al., 2020; Shen et al., 2020).

SRTAT, BT AT A A B AT IR L . SR SR RSB AR, R
P ¥ i A5 2 B T 58 IO AN 2 1 BB TR B S MR AR A E e 22 (IR 45,
2003; F@EH%,2021; FHGSE, 20210, thah, BWRALFERIREE SR
Bt CRAREE, 2013; IRESE, 2021), HRFIER . &5, BT E
KPbdk CGarsr 545, 2018; BHEEE, 2022, Bilt, %47 217 Jb 5t KRB . “21 77
T T AR R AR A 2016 FFEARTL IR AR R S5 S, A BRASE 0N X s ) Tt 3 A
[FIFE BEAELE T [A) T 5 7 DX (% A5 B2 IR IR I 1) 8 (S20% 8 56, 2014; ARIDe = A1
Frof=%,2021; DRSS, 2021; 2 SCARSE, 2021; FOPHEE4E, 2023). Rk, HhELE
A PSS 2 Ml 25 A 2 R TR ARG 22 10 T e SR ERLEEAT 23T, Ay edcd T 4 1
SR .

20237 H29HES A1 H, ZEK “HIrw” b LRI, KE
fe b X L FR S E SRR K, 2 0l TR B TE B K S ) SE AR, PR R A
1003.4 mm (FKIFHELE,2023), ERREZETHIR 1657.9 1470, N 28 B
A 2023 FAETRKERKE . RRFEKSFERER K, PR, 8okm™
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o AR AT T Mk S R AR R 5 BRI FR A KR SE
FHh e sZm (FFiE =255, 2023; 7k 75465, 2023; FRITHESE, 2023), X SHAHAFER
JSR A — 5 AR, AR Y A0 2 3l 28 Fidho i ST B2 7T 2 A TR A IR A 2 TR
ORI ? 3 R TR R 2 R R R4 7 BRTRMATE . S iR, &
SCHET T A I Z AN S TR, A TR I RFH T A 22 1 7 TET VAl
T =AM s B K I R A TR PE e, B 3R ) R 5 7 T — 25 43
BT AR A 72 R AT RS IR, A B TN R o A R WY TR AR A IR (RIS Sy sk
HUE B IR

2 B|ETE
2.1 HE

AR SR BRI 2 7K B g ] 5 R AR SR R AT ) o [ Xk 2 05t i 5 o
K= 0 (CMA Multi-source Precipitation Analysis System, CMPAS), 1Z/= i &%t T
R A L R R DU TR S S i AR J7ik, RlE ML, RIS, PR =R
B2 7K T J (R0 30T SN 7K™ i, IS TE) 23 5% 1h, AKSE2r #5205 0.05°X0.05°, 1]
H S G 308 R Chttps:/data.cma.cn [2023-10-26]) K #. QTR = A : (1D
KR AR S iR AP0l 5 T4k 240 (EC-IFS), 7K F43#E%N 0.125°X0.125°,
WhEEEHA 19 F: (2) FEEZIFE RO 2 EREUE R RS
(NCEP-GFS), 7K P73 %y 0.25°X0.25°, HiHEEZH0N 41 2; (3) hES
FZRABKFEL TR RS0 (CMA-GFS), K7 ##3K 0.125°X0.125°, fHiHEE
JEH0N 40 2. SRR AN 7 A 19~31 HA&H 00:00 (5, FED.
b, AR ECMWF #2882 T AR 20 #r %k (ERASD (Hersbach et al., 2020)
BT WA S 8T, K HER Ny 0.25°X0.25°, TEEZEHCN 37 2. RVEG
A5 2 QTEAS [ AR R T T 0 485 R, 1) D SO e e A5 X A /K i 5 L 00 e K 0 6
—HEE F] 0.25°X0.25° (Ko HER

2.2 ik
2.2.1 SCC 1 RMSE
ASCF A A M55 230 (Spatial Correlation Coefficient, SCC) A1) J R 17 2
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(Root Mean Squared Error, RMSE) X152 sl 45 SR dE AT ¥FAli . SCC ] I BR Fiifix
SR 73 18] 43 A AH GRS, RMSE WU S B TARAD S LI ()R ZE KA, SREPE
AP B AR AR B TR T, TR A

iLi(Fi —F)x (0. -0)

SCC = (D
\/Zévzl(Fi - F)z X Zév=1(0i - 5)2
N — ().
RMSE = Jz"‘l(F;V 0 (2)

A, i=1,2,3, .., NARRIHE XA S8, Fiofl O 48 mIARER S A& S it
MAEFDRIME, “ ~ 7 ARRXEFIE.
2.2.2 BEKIRFE-SE 3 A0

R8¢ 7K iR 5 - AR A W] I AR S IR B P9 AN TR R P P /K AR R R AR AR, AR
FELA 5 mm d™ ARG THERLREAN SR L X () N 1R AR, g LI R KSR BEAE 5 )

AN DX TR] B S s, D) B AR ] A A
I;
freq; = ®3)
2.2.3 AR R K YRIE
KHMAIE (O FRAIRIE (Q2) RO =&Y BId FE 5| iy 9E4

AN E 458 (Yanai etal., 1973), HitE AT

1095 ____ OJSw
Ql:;(a-l_VlSV-I_W) 4)
L og _—_ 0qw
Qz=—;(—at+V'qV+—ap) (5)

X, s=c,T+gz NTFEIRE, o NELHH, g N, V KFRKE,
ONTEFRE . L ENAREL “ 7 7 ARKXECEY . 0 B BRI, A5
EEE I E S M FAN I EIR B HIE, Or RIAKIRIL, AL B 7KIR 1 14t 45 A 2
Bimshimik . XTombE KSR, RS o] B AR X RS T ERAER RN,
O1—0 AU MU X 51 kS 1) 3 Bk 3D 4% (Tang and Zhang, 2015).

3 B TR R VEAL
7 A 29 H 00:00, &K “FLIA7 JEE AR L, 03:00 RS 5 G0 H
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=ik 's, BOE G XIRARINR E 28, EMeE AR5 5 TR b, e
Hi DX A5 R SR BR PR K (BRYL¥ESE, 2023). B 1451 T 7 H 29~31 H CMPAS 1)
H B K& AT T LR, 7 H 29 B, KAT S PUAHBIX K Vi [ H B2 R (50~100
mm d') B RKFEW (100~250 mm d), AL EE R EHL X H IR K2R (=250
mmd'). 30 H, BKRGEAEIRE, @Kl 2B RI—tmER, X2
Y O AR ERAT LI 2R T, FE/KOR BRI 400 mmd s 31 H, KRB R
AETTVEHE, SR KT FE I Rk, RGURETIE T MR B K R AV ], Y
B K B K XA A B X (B lac ZLHEF R ), % X380t B 1) T~ 1 B K I 7]
FEAE 1d fis. ATULER], H 29 HE 30 H, XBPPBIFKEREM 27 mm d
VBEI A 73 mm d, HJETFIRIRGS, 31 H/EMEE 15Smmd! IR, SomfEKEF
fE7 H 29~31 H, JE4 Szt Bt 2 i ik e i DA

50°N - (a) Jul 29 '7' \ 50°N _(b) Jul 30
40°N 40°N
30°N 30°N
20°N 20°N
I I I T T
75°E  90°E 105°E 120°E 135°E 75°E  90°E 105°E 120°E 135°E
A75 PETE ESTENT ESTETE BYETET SRS SV SYRTAE ST
50°N - (c) Jul 31 = 1(d)
= ]
40°N £ 50 1 :
-
e
30°N o
2 201 -
o ]
o (0] ]
o I I T N T . 0 /L/\‘
75°E  90°E  105°E 120°E 135°E 24 25 26 27 28 29 30 3101 02
S — s ]
0.1 10 25 50 100 250 400 Jul Aug

K1 (a—c) 7 H29~31 H (UTC, FIF) CMPAS HFfE/KE (FA: mm) 404, ZAERR
HAIR B K R OGHEE DX (35°~41°N, 112°~118°B); (d) KEEXIR 3 /N REAKF 5, Hraly]
SRR 7 H 29~31 H

Fig. 1 (a-c) Daily precipitation (unit: mm) during July 29-31 from CMPAS, red box represents the
strongest rainfall region (35~41°N, 112~118°E); (b) 3 hourly precipitation time series of the boxed

region, pink shadow marks July 29-31
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3.1 FEK TR 2%

B 2 g5 T S BRI ) G EE XOZ H 7K SCC Al RMSE B TR B 25 fr) 78
AR o A0 B AR B K Ay A CEINE DRI, SCC=0.5 B TR 5 Ml — B BT
0<<SCC=0.5 I FiAhfim 22 AABA ] PRI — & SR /KRR IE, SCC<0 I T Tk 2%
W, HEEH SCC BN IER LA AT S Al Tk b ik Bk f2 . Bk b, =AM
SCC ¥JBH TR i KM B A& . HoH EC-IFS (1) SCC iy, TR 2% 24~120 h
SFIYERFLE 0.5 L E, 168 h 5 IAUE, FEH EC-IFS RIHERT 7 KA HER Hb il
R HE X 29~31 H K&K /> AikEiE . NCEP-GFS 7F 24~48 h I 24 SCC #zikr
EC-IFS, 72 h JE B RO RS, 7£ 29 HEY 96 h M &UE I 7UE, &Y
NCEP-GFS F$ghl 4 RARBHHR e ambE K, BN BOE s, HE
KA e S HME A 2 A ¢ (FAHARFIRR 7Kk, 2013). CMA-GFS H 24 h B 2%
2, SCC H 0.5 M A N7 E, 72 h B RUG JLFJCiE TR t oo X 5 pE K,
X T SCC B PR I BUE KT BRI I R AN K2 EC-IFS H1 NCEP-GFS ] ¥
F2 b, SCCRMT IXIRIEH, Ja /N, BRI X (2 75 2 B TBOK, SCC B
TR A RAICE KT PRSI SR B 2, |2 7R8R. 5 SCC #ifx, RMSE BTk
I RRE TG . AHERIM &, EC-IFS S5MIAH LL & 2 57y, NCEP-GFS X2,
CMA-GFS 5k, {BE TR L2 120 h J5, NCEP-GFS 5 CMA-GFS ] RMSE
Ha TR B fle £5 BT, = AMBEROGT I IR B9 S A R TR R ) B Ak b B TR
I RGN TS, R 7R K, RMIEUE R R 7 fE rh S8R 22 BRI
JIC TR AR 28 EK 1) B 2 S R o o EEAS [ TR 280 S A 22 S L, =M
£ 72 h FRIS 2L SCC Z= R, I G 800 Hf B T4 00 72 h &k i 2 Rk
— BRI =AM TR 22 B T e A
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1.0 L 100
@f "7 B
] L [ 80 L
06 1— = =N\ — " il T T T ] [ &
] e [ 60 < ; L
] ) F ] y [3
0.0 <& F ] r [
] ) [ 01 & r
EG-IFS NCEP-GFS CMA-GFS o | ] :
0.5 | B P R — 20 T T T T T T T T T
24 48 72 96 120 144 168 192 216 240 24 48 72 96 120 144 168 192 216 240
10 I T TR N R RO TR S B 100 T T T N RO N TR N R
] : = aF
g 80 . fi L
05 4— ] s [ o
] 60 '/\/ ’ Lo
] - I S
0.0 1 ¢ o
1 40 1 -
-0.5 T T T T T T T T T T 20 ! T T T T T T T T T T
24 48 72 96 120 144 168 192 216 240 24 48 72 96 120 144 168 192 216 240
10 100 T T T N R T TR S R
z i
] 80 L
05 4+ F—
1 [ &
] . ‘ -3
0.0 ] 3 = e [
] [ ] " [
0.5 T T T T T T T T T 20 T T T T T T T T T
24 48 72 96 120 144 168 192 216 240 24 48 72 96 120 144 168 192 216 240
Forecast lead time (h) Forecast lead time (h)

K2 SRASCHIX 7 H (a) 29 H, (¢ 30 HA (o) 31 HEF/KTURIK SCC BE TR 2K
AR, A FIFZAS], {HARMSE CA7: mm). KA st 22 S oK i Tl e 2k

Fig. 2 SCC of daily precipitation on July (a) 29, (c) 30 and (e) 31 over the boxed region from EC-
IFS (blue), NCEP-GFS (green) and CMA-GFS (red) at different forecast lead time. Right column
as in left column, but for RMSE (unit: mm). Pink line marks the forecast lead time with largest SCC

difference

3.2 FEKTRAmE

B3 gt T S UER AT 72 h TR 7 A 29~31 HBEK 27 734 o XoF ELUL
EC-IFS Al RE L 7 H 29~31 HRY4EIL B, 4% 29 HAE B ERIT LR
IR K FIRRAE Ly, 30 HHTARAT LU ZR 7 201 B AR Ab— DU 9 1) K B m e LA A 31 H
LR, BARE X TR SHIMEA — B, BRKREA U RN, o
XF 29 HHIFEK TRk . NCEP-GFS B AR5 5 500 BE R, HIEAS . ¥ X EC-
IFS, 129 HIOGEX ZRALEA R REFE K, J5m H B KE X e b, FRAg
BRI o /R Y 0 45 A b— P R AE . CMA-GFS iR 29, 30 H 3 FEK AL 5%
X DLZR, ARAETIR HOGHEIX N KW, H 31 H TR SR GF PRI T 5ide 3
sEFEAK, EXIZEMGREE SMNET . AT E, BC-IFS A BT Fifi
AL B M H7E X AL, NCEP-GFS Fl CMA-GFS U 7E [ /K % X ifl L A7 E i
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CMPAS EC-IFS NCEP-GFS CMA-GFS

s0°N {(a) so°N {(C) B ,E so°N {(d) = -
45°N N 45°N 3
40°N 1 a0n 40°N &
35°N | sseN | ssN i3
30°N { a8 ¥ 4 30°N 1 30°N ;
N bl = 25°N { 25°N

100 110°E 120 130°E 100°E 110°€ 120°E 130°E 100°€ 110°E 120°F 130°E  100°E °E
50°N 50°N so°oN [(@) 50°N {(h) ,
45°N 45°N 45°N | 45N x
40°N 1 40N 40°N 40°N = 2
35°N | ssen | 3N | 35N 13
30N {4, | N i 30°N { . 30°N | .
25°N ‘W 25°N \ y ,_ , 25°N 25°N {1 o

100°E  110°E  120°E  130°E  100°E 110°E 120°E  130°E  100°E 130°E  100°E  110°E 120°E  130°E
50°N {(i) i N son W) 50°N
45°N $-. 45°N 5N ]
40°N W /;(35 40°N 2o | 40N ! )
35°N - el 85N e 35°N 13
30°N o ] BN oY s
25°N {. 4 P L \ﬂ 25°N r"c ; ENR o L

100°E  110°E  120°E  130°E 100°E  110°E 120°E 130°E  100°E 110°E  120°E 130°E 100°E 110°E 120°E 130°E

0.1 10 25 50 100 250 400

3 I SHFRAT 720 R 7 A (a-d) 29 H, (e-h) 30 HAI (-1 31 HEEKE (8
fiI: mm) 43Ai: (a. ev i) CMPAS, (b, f. j) EC-IFS, (¢ gv k) NCEP-GFS, (f. h. D
CMA-GFS

Fig. 3 Daily precipitation (unit: mm) during July (a—d) 29, (e—h) 30 and (i-1) 31 from (a, e, 1)

CMPAS and 72 h lead forecast of (b, f, j) EC-IFS, (c, g, k) NCEP-GFS and (f, h, 1) CMA-GFS

B8E 7K B T - AR A RIS Pl AN [] 56 JEE PR /K S A PR R AR AR, R B 5 0 s
A7 HEBEAT e A X B B3 7K 70 TS ARG AN [ i B2 /K B T e 0 - 1] 4 2t 7 il
SR TR K B /K SR BE - AT, B4R b, =AM E = BR300 A
5% REFR R B A AT AL, XA ZKAE 100~200 mm d™ R AR SR IzE /) T2
=FEK, RUBATIR A R K EE R S K TTEk. Hdr, EC-IFS IR FE
7K 5 HeB K, CMA-GFS X, NCEP-GFS ft/IMB 2 2 B K &5 Fede K, 15 B NCEP-
GFS Hxtimd T4, Pkl F 2R = RS HA S, UM RT3
H /1 B R ML H 9 H777 & MERRA-2 (the second Modern-Era Retrospective
Analysis for Research and Applications) 1 (Gelaro et al., 2017). XJ EAR 205000
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R AR B, =AM AL il 95 B K T IRl 5 B K RO TR L, X5 R
QL THRI) (HighResMIP) "M TR B i 222840 (3473255, 2021). H#
M5, NCEP-GFS X 5[ K RIRAL BN o

102
10" A

a) Total CMPAS
EC-IFS

CMA-GFS

Frequency (%)

0 50 100 150 200

1(o) Convective

Frequency (%)

0 50 100 150 200

1(c) Stratiform

Frequency (%)

0 50 100 150 200
Precipitation rate (mm d™)

Kl 4 CMPAS 583027 72 h TR 7 F 29~31 HHEXIR (a) BFEK, K&z
1 (o) XREEAKA (¢) J& = BEKBR AR 4 AT

Fig. 4 Intensity-frequency distribution of (a) total precipitation over the China during July 29-31 in
CMPAS and 72 h lead forecast of EC-IFS, NCEP-GFS and CMA-GFS, and corresponding (b)

convective and (c) stratiform precipitation in three models

4 T w2 B R R 20

SRR R PR TTAR A 22 S A I R I 22 S 1 SR R, AR S 43 30l Al 0 BRI - LA g
PRF i BEEAT 0. BT 7 30 H KR, (A =ANMSETE T 2 72 h 1)
SCC ZR i K, HUILEZRx 7 H 28 H 00:00 #1145 RitEA7 047

4.1 AR FEM
5 F1B 6 3 Hl4a T ERAS 55450 7 H 28~30 HI¥) 500 hPa 3431
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KRB EHUE Ry o bR K R R 2200 B R MR BRI K
m s PEAERF PRI R CRIARE R A g UK SR A SE R s . B
ERAS Fiortrd bl el s, 7 A 28 H, & RUKIRRS05 8l & 0E sk wE R,
P IR I bk B ORBE IX PR, (EARZ BRI TE, KAT L AR A BB AKIR
AR K (B 6ad. 29 H, TEMMBMEAMEI T T, ik iEs) 2
DXRAMN, ZKIRRRSE AL Aai%, R e 1 PG LA A, 5] B O Refs i e AR A 43 50l 7R
P2 R X AN = AL, SR IX K VRAR G it — PG sR, BRoKVE X BRI (K
6e), MMM T ARATINARRE. 30 H, @lmdt—Lrmdusk, 5R%B0 Kk
JEEBTE 5L, 6 XIRIRACEESZBH, 7E (B XU it e s i A0 2 XU R4
T, BEIEXTEM, 515KA AL, vk, KR A LRI K R G )
bR R, Bk 2 R AL -Pa R E i (B 61) . =M TR T %44 5 ERAS
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