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30T, A ECMWF AR T H AR (HJR7E
ANTR] (8 BF 1] 3 23 R Y041 B 308 ) 15 50 A Pr 22 57 5
XHa 20 % I GRAPES .ECMWE D) &% 35 [ [ 8 37 55
T He o0 2 BR 4k R 42 (National Centers for
Environmental Prediction —=GFS, ] #K “NCEP-GFS”)
S NI 26 5 FEORIETHRAS . AN AL L
KHTE GHR R 2R P22 5 SRR IR N SZ R
T RE S, H s PR IR, A B LR 2
GERE 2B PR R N SO S W S 2 Y3
FRRR R, WO TEV AR A /N ROBE A Ik S
T Z R P R R A R 2, R AR
PERK TR 5 A w221, R, HAT S 48 0 R
RS XA 2 T R R R BHIUE k5 4
{14 XSS I BT, A T K R 36 A
AT TIRAWIGE, B 5 R0 5, B /K 327N X
FR o7 B 55 XL B e T, L A K H AR Ak G A
WM LI, & PR TR PR ii=t
X IR J A 7K P 40 T A7 B e R RSB AR ™, X 7 e 45
BEX 2 XA A0 2017—2018 4 2 5 [ K 4R
PEAT T REBG /00T, 255 e IR AR AR 2 R K s SR
BT, TR KRR H1>50 mm 2 K T
iz W] J& GRAPES IX 3 v R £ {H 1l k R 4t
(GRAPES- Mesoscale, & #% “GRAPES— MESO”, J&
MFRA CMA-MESO ) S, B
Oy e, AT DL AR SO AR K A T O
(I RERBERE = PR MENG 5, RGP R 22K AP TE,
W43 PR i — Be i /N R 12 22 T RE S 2k
R K ) 25 RRITIRG A1Y, DA B Ko R 4 4 B it
FEESR AT AR, (L PRy P Fd A e
SV A TT RE U A TR 221, 4N o )
FEFITH S5 H ) 3 A Bk 3 4~ X Il
3, DL A b % 0 S AN AR B S AR, X 2020
ARV FE TR 0 2 o TR M RE A TR, AT
T, XA T B R T AR (EOR R ASEX
RVERES A LS, DX i) 5 TR TR 2 41 % D
1o, A BRSO s A 2 O e 5 S0 AR LY 3 B
2R ECMWF FlIX 3842 5 GRAPES-MESO £
Sl iR B K TR A TR ARG B0 0, R B T — ek
5K ECMWE 0 T GRAPES-MESO, [fii X}
W i P 5 46 K ] GRAPES-MESO {1 T ECMWF #5
X,

DA (18 8 7RG 56 22 08 D A J 5% A AT 1
WAE S R %L . TS(Threat Score ) P43 MERE R Bias( il
22 ) AL GERT B0 7 i AR R S A5 ARG 56

S IR A TR A Al MR ZE TR IR 5 R ™
FOR, B IRTERE K DX B K i B % & A st ]
75 THTHR B3 K A T A O 22 1) B3 K T,
58 A TR R K AR AT B — B 25 AR B 25 2R, B
RR VG Ly GIVARIN = R G i Y A B = a7
R R R L E W A E E A g A —
F A A3 () K9 7 ¥ , ok RS gl A BURR ST RO, A
Wernli 2558 F£ 0 H SAL(Structure, Amplitude and
Location ) K 55 J7 2 , RN IX 2544 7 8 5 3 3 J7 Tl
R 7 A2 1 By AU ) ) o R REOK B s A0
ZE9fi Ff CRA(Contiguous Rain Area) /i XfECMWF
R K TR P S EAT 1 2012 45 TR 74 e b X 58 P 7K
L FRAYR S ; FSS(Fraction Skill Score ) 4545 [A] K696
DAL T A TR KA A 27 B AT R
L PZ H i FE K Bl 22 5 5 JU XA SF ] FIMODE
(Method for Object-based Diagnostic Evaluation ) /5
X} BI-RUC FE/K P s AT 1 2 WA 434, ARIRLT
ZYEFE IR S

A SCEE IR TN 2021 A Mg TR A R K T H
SRR UL ERGRAREK , AT R EEA T
FFR 3 F DT IE TR 25 R0 A e vl , ST
AR GRG0 5 VA FITH ) %42 1) MODE 75 [A) K 45 7 2%
S BTN it R A, DA SE G AR (R
R TR ZE R, 4 i T Do B A Y 25 3R
IR B i R AERA AR AU RCR

1 KWIERNFNAE
1.1 KINE

X} 2021 46 H 10 H—7 H 10 H Z#&E N 6
A BB 2 TR A A = it R 22 B RE A% 3
VIE TR K S TR I AT . o 6 AN SR e
AATHE 3 A XEEEA K PRI R RERS
BE FH 2R 55 (CMA-MESO, 23 [[] 43 HE %K 3 km) |
T EAS G R HIEB(E R R4 (CMA-SH 9, %5
3850 9 km) FILRIA G B AN WRE
. (The Weather Research and Forecast, fi Ff “ %2 4
WRE”, 25 [A] 43 HE8 0 3 km), DA K 3 A2 BRECE R
X P ESR LR EERFE L TR RS (CMA-GFS, %5 (7]
PN 0.25°%0.25°) BRI HH RS SR 0
EPEBRE X (ECMWFE, 25 [a] 43 3 h 0.125°x
0.125°) I35 [ E R A5 Wi O BRIl R4
(NCEP-GFS, 75 [[] 43 ##5° 0.5°%0.5°) . “ZHE REM
6 AR BE T2 B0 T & 1) W 5 1 LA ™
Sh G ZFEE A ™ i S TR 5 F BB A
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FTT IE MAS AT ™ i, 25 (8] 28 HEEE R 0.025°%
0.025°,

SCH T g b DRI 8 K SR 43R 2 2
11RO SRR g n, 2B N 293 APRifERs:
00 5 A1 1) HL T G W 3 70 /N R K BB s 2R TR
IKGys AR 6 F <05 ") CLDAS(CMA Land
Data Assimilation System) Z/NET 6.25 kmx6.25 km
S HER K 5

BRAFIRDII SN, SCrb e P AR s ] 2 2 A6 e
A A 2 TR (5 R 4 Y2 i — K 20 B4
AR 12~36 h FHRATRC (24K 08 Bf—55 — K 08
) P A R S B, R T L T4 D) S A X ) 24 K
08 AF LAY 0~24 h FR A RON FORE K Bdis, 395
S P50 XL 58 7K HS s A DC P
1.2 K55k
121 EGR Rk

TGRS 7 iR FH SO s A B i 2, P
LR N 293 ANFRUERIE vl O SV, B A ANTR]
23 [A] 43R 0 32 2 LT 7 it R e 5l £ P v 3/
SRRy 1 A A vk S s, RGP T R
— IR 43T

AL AT T 2, XN S R TR, O
SEG RSB BL , 43 2R G XN AN RIS
ARG BG40 A FEK A (VL) R (V) TR AR
(N FITCRE K A b (V) , FFAE e e E A7 113300
MIHERR A P Ts PEOT AR My AR Fa, A3
H:

(Ny+Ny)

Pczmxm% , (1)
TS:WA#NC)XIOO%, (2)
MR:ﬁxloO% , (3)
Eﬂ{zﬁxloo% . (4)

1.2.2 #5671

MODE #J& WRF %2 MET(Model Evaluation
Tools ) K %66, 1 — A>3 [ A 56 72, 107 094k
PAE T AT LU b 6 — 47 v 9 A8 AR IE AT BRI,
Gk B2 (A RFAEFE AN [F] 37 h AR AR B2, T 4E
THHABRITE. MODE ARl gt il 0 B
1 I ZIeRR e, JR R EAAIB S, iR
RO SR YRR A s T U2 E
JE EM KA R 2 W E w11k

A3, B SE A H MODE 3%, %t =50 mm [

(ELAR SR KK S A TR DGR, PR H A R DXk
AYIFIA) SO | RN DCIRIER | X PN e K i B8 45 L
KIGETH T, A Hh 2248 ARG B2t 2R o

2 2021 FIEMHI LB A PEKEIR

LA 2021 6 H 10 HAME,7 H 11 HH
Mo AR LA 45T, 2021 45 A 1) . , o Mg s
)5 5 A AH T, M A I, TR S R A Y . MR
W BRI (E ), 8k Frg2deb, LIk
S XA . WV AT g KR A b X K B b
Erp 5 400 mm,

30PN

150
2021 %6 A 10 H—7 A 10 H&=# 4 N
£ %2 /mm

11T°E

A1

MERR 3 B 4 ISR R, 510 6 10
H.6 H 12—20 H .6 A 25—28 HU K 6 A 30 H—
7 H 10 H,6 J1 10 Hid#sss,6 H 12—20 H .6 H
25—28 Hid 43218 23 S, A b8 i g A A %
T AR TS FI VY A I 0 I AT A R AR K R Rt
2,6 A 30 H—7 H 10 HidFEWrdbis, TR aS
SEMA PR PO R RS, KR el . B PRAE R
R P = A L r i B (8] 2), I R L 12
SR, SRy R K B B, 1 s TN T R T
WA BT E LTS TR X BN R R R A7
WK BAE NG K, AR EU G

3 RIBER
3.1 HEWKL

24 h BEFRAGIEE RN 1 PR, 2R
FIVRERR 2RI 70% , T X IR ) TR v A 5 R 3k
T 80%, H:H CMA-MESO HUERfF I , N83.56%,
LRI R AR T 5 DX A 2 I R TR 174 5
25 FEIE RS M s F 20, B CMA-MESO LA
Hh, 2 BUERL Y 725 R Y 34 10% , NCEP-GFS ¢
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10°N . : |
80°E 100°E 120°E 140°F 160°F 80°E 100°E 120°F 140°E 160°F
50°N - T ) -
40°N - T e N ' a8
— D g ot
30°N 1~ ) - i
bﬂ 5 4 a
00N NITH T
10°N - e - L 10eN — - !
80°F 100°E 120°E 140°F 160°E 80°E 100°E 120°E 140°E 160°E
B2 6A108208(a).6 A 18 B 208 (b).6 A 28 B 20 & (c)F=7 A 3 B 20 B (d)

500 hPa & &% /dagpm
(IMHLZE 45N 588 dagpm Z5{HZR)

15 (23.61% ) ; 25 BUEAR X A0 s R AR F 10%,
1L CMA-GFS )1, M 14.89% .

%1 6 A 10 8—7 A 10 B-F3# 24 h iRk

(20 R % R SIRE%
CMA-MESO 83.56 7.17 9.27
CMA-SH9 80.27 6.15 13.57
L WRF 80.72 527 14.01
CMA-GFS 71.77 14.89 13.34
ECMWF 75.62 2.99 21.39
NCEP-GFS 73.33 3.06 23.61
LRI RE A% 80.56 4.96 14.48

32 BEW KDL R

A R A R RS PR R K R B S K, A S
BT KR RN REC R TR A5 ™ B SO R AR, BRI
Xof Z T S LA i R 0T M T L ) R KA At
— IR 5 AT
321 fEGFEW KL R

XF 24 h 2 M DL B EEK (=50 mm) P17
TS PEARLIR (5 2) &I, LR BE A T 1945
i (23.83), ECMWF AR B AR Fl i iR
e lf4(20.12), CMA-SHO X 2. (19.34) . Bk ECMWF
A, DXIRESEAR O 2% N % LA R K A TR 5%
R BT HA 2 Dk .

TR S A b G A KA X T L /N ey v 5
PRI Tl v 2 1 e R e B ) 28 T, AR 2

ATDVE Y, B0 R S Tl o i F1 2SS0 A 2/3
PIF, 1 CMA-GFS TE2 W & UL b s G Rk i) fit
o AR A IR 1 s T (TR 98.13% , 25
85.19%).

%2 6A108—7 A 10 B-F3424h %@

BV LB IEK TS i

K TS ¥4 WdRe =S 4RE%
CMA-MESO 11.16 80.91 78.82
CMA-SH9 19.34 59.75 72.87
U WRF 12.81 80.43 72.94
CMA-GFS 1.69 98.13 85.19
ECMWF 20.12 7277 56.48
NCEP-GFS 7.63 91.48 57.75
LR MR 23.83 63.98 58.69

3.2.2 B EEGEK H AR

VITERIBTTE R, MR KA FLAE R 1 XL
W 2T a4 H AR AL, 0 LR ) B9 RN 73 LA K
A i G L A 26 7K £ B DA AELPO1, DR, R AR UG
HFFR I B S L E A R K A B AEA T2 3 h IR
5, LUMIRERS 1 o5 WAL — K h AN R Be g 13
AR

XA BE AR RO BEAS 12~36 h I 4L
MZ 3 h BRESRPEAT T 2 M & L g K
(=20 mm)# TS PEPHHE, O T I R I RO S
Xt PR 2 AR S 0 () AT 120 IR (7 a] 33
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I, 18] 3a ) 1 08 IS 2 (G TE] T4, 141 3b) B 3670
Bre A BUERE LR RERIAR £E— K AR
] B A PR SOCR P A R 22 5% (H IR 2 20 I
BT 08 IR , B (A E#RAEF AT S B2 I B
TS W S B, T4 I B 5 R A I B BRAR M

95
12 4

10
3
e

: ] A |

T {1 T {15 TN 15 T 1 G 1 S SO 3 o 1y

&B

'_:'5
i
il II'II l‘ullllll
U

03— 11— 14— 1T—20H 20—23F 23-02 a2—03t Ds—oelt
CMAMESD mC3LA-SHE B CMA-CES

£

WWDRF
EHUREGES RS GEF

B3 6H1108—7 A 10 B-F345 20 BFA423R(a)
#2008 BFALAR(b)Z 3 h R RHAE A LTH
F&K TS %4

(SN

IR SR A B AR R A X DI A R G

R /K A PR AICR B, ARG I A rh /N RUBE X i
PEREK TR 2 . F AT BT 2 DA A R
) B SRR RO BLH B S 2, ATRER M T = TR
[F1) 8 S5 v 1 ) AR E PS5 T 2RI K 2, DL KA
R

CMA-MESO CMA-SHY

#{HWRT

ARG 2 A PR A AR BRI ) 37 ) S A 2 AR e
R, (R 3 LT 4 7 B 28 G e 7K R e 7 B %o
TR K PIFIRRE , (H5 5 A ki & AR DI R 4
PERE K SRy 32000 PRI mT DA A B 45 B0 T AR 4
TR G M FL A A TR ORI Y I
R ) 22 L) 1 3R R B IR | A 1) e o B AR R 7K
A, PRt AT DA RS PR A A J 2455 066 1)
REIRAR N o AP B BN RoK ] 8Y) A o e
TKAAXS A, BEAR AR R T AT
TR

DX IRASCAEL AR X AR AR T R BREE AR K,
CMA-MESO #:C7E /- 3R R BL%E H , CMA-SHY
METEE R E] EA B BRI ECMWF #2078
AT B 3a 2 20 B 02—05 B, K] 3b
08 HHE IR IK 23—02 B )1 TS WA . LR BE
D s L AR R, A 5 X AR A Y, S o B
b2/ ot S U G
323 FEEWABREERLE

2021 FEAERRI, LR I 4 IR EK TR,
A5k 6 10 H .6 J1 12—20 H (LA fEFR: “A 3
F27).6 A 25—28 H(LANEFR“B i #”) & 6 H 30
H—7 J 10 H (AR @EFR“C i A2”), Hr 6 J1 10
H B ARG RRA A5, DRI S5 4 3 IR K G 7
TR AT

PVZBE N 24 h 2B KR 100 mm /Y
S8R R K il AT RO kAR E . A RITE 3 R K

CMA-GT'S LR

LECMWT NCTP-GI'S

3N

3N

30°N

[ S

3N

3N

3N

34N

3N

307N

1ISE UTE I9E NSE N7E IN¥E 1UFE UTE 1I9E USE N7E

H¥E 115E UTE 19E  1ISE HFE 19E  1I5E UTE 119E

15E UTE 19E

I 10 25

100 250

B4 Z#AEMN6HA 188 088—19 B 08 #F(a~h).6 A 27 B 08 #+—28 A 08 iF (i~p).
7 A 28 08 8—3 H 08 & (q~x )WL Z IR 24 h R 3+ H7K 2 /mm
(ai.q UM, b j.r & CAM-MESO, ¢ .k .s’& CMA-SHQ,d 1.t }%% WRF,e.m.u & CMA-GFS,f.n.v y ECMWF,
g.0.w N NCEP-GFS, h.p .x A GEMIAE )
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R, Pk — AR K SRR R K H
Ve EK B (FE 4a.4i dq, 50 K 55085350
6.15 F1 31 1>), FF LA A AERRT 3 K i FR A 7
WE5E, JEEEIARIC AT ST X 58 R B DA i )
K T, A 1072 6 18 H Bysm oK I Bl =ik
HRE R X RS AT TV R X, ST Pk Sy
WARA T, KB K 100 mm; B i FEH 6 A
27 H (A8 R /K BB R, W 55 R 4 K L Ay T e
M DX, SR PG A — A< 1) IR 20 A, e KRRk
1 200 mm; C i B AR FFEOK VSRR ,7 A 2 HAr
STEHEC AR 2 b DN VYT R AR 40 s X 2 3R 2
MRVGE MR, SRR R 250 mm, C &
P 2021 AR A BUE MR FEl i Bk o
JER R — IR K 2

3 TIX 3 R KRS A R XU
ERBEAKH) TS PRI . 7EIX 3 BRI AR i) 2
MR, XA R 2 (B W I 25 5,
14 CMA-SH9 #1 ECMWF 7 % Wi =X o 26 B it
U, AR B AR, LB B A T 45 2R 5 X 1
BERH Y, = LT,

C 3o 2 H AR 2% RN Y TR R B e, TS P43
FEARERLE 20 0 2e Ay A bR 22 15 0 39 4E 10 43 LA
T, AU S R RE S Z )% iR
RFEARK IR IR SOR 22 5 AR, — B iFe—
2. B RBRNARE, & iR 2 SR K,
ECMWF, & e MA% Al CMA-SH9 43 311543 K
33.72.27.91 f1 16.55, & FHY TS ¥F4 M3 F 5
G

A3 2021 FAEAH £ B KRS 24 h
FBBA L FHBIEK TS 75

i A R B il f# (OFuy::
CMA-MESO 2.79 2.04 17.78
CMA-SH9 9.38 16.55 25.36
L WRF 3.67 4.85 20.53
CMA-GFS 4.38 0 2.7
ECMWF 9.21 33.72 21.78
NCEP-GFS 0.5 1.27 16.28
LR MR 8.88 2791 28.57

324 FERWRR A AL

FR G0 SN LR TS PRI, 2377 A BUE ]
SN, FE— A F F MODE B892 (R IX RGN AR,
24 h 50 mm K [F{E, % 25 2 BEAR =X T4t fae K

WA T RN DR, X TR0 H TR DX SO 7 (28
FE R ) (TR 25 A B KSR S S R AT A
[RGB, T B0 BH 2, R T2 RO BB AR TR A
T 3N TATIE TR , Bk X2 i Rl , R BEAR
P& MODE 532 9047 09 W X AR5 Z R 51— Ho i
DX, M S50R B 45 SR S 25 M (B AAIC, BT AT AT
X RS TR T IS S22 AR 3 . 4515
MECAEAR 2 A A B0 45 SR &l 5

MR 24 h 50 mm DL F (R AL F&E
GBI X, DI T 1 A X i o
2, iXA% 55 T DX T R (9 25 W] A0 B, i LA
X 2545 SRR A %) T o AT X B A, B SR, 7R S5
AR EETTH, A 2R B R A T A 22 K,
C A FRA BRI AT, 13X 53R 3 o TS PF4r 45 R 2 —
S T 028 By TR, TR 22 A 3 Ukt A )
R R 255, % IEFX 3 AN IR K A 2
ARVGE I R DRI DX e b ) 43 i 22
XFTRARAE R R, AT A C i, B b
th CMA-SHO Fl ECMWF # 5.0 v B 5 S2 Bl #2390,
HATUABUE AR B ad A5 A X5 0 5 457 0] 4
R, 1M CMA-GFS Hse A T4l th 50 mm LA b &
PIPREIK X EEHRE 2 3 TS PRAr &5 3R 2 — 30,
WL I XA B AR, e R T XA 46 Mk
20T TS PEAMEE RA R KRR o X A= T 7
i 8 2 W DX AT R AR B R R, Bz S
{0, XoF B 7K S PRl A T B A ECMWE BARAE
SRR (HZE TR DX A AR bt 2R AT X F R
JKBR B, CMA=GFS 1 NCEP—GFS %% {4 [ 7K 48 J3 i
AR/, 25 DR E TR FEA AR AE SR /K i )
B /INEE, TRARAE AW, 17 SE 30 R 7K e SR B, Tildi
I /1y , ECMWF DU FE 52 350 [ K 7t <60 mm B, 3
AR AT AR B R P AR K , TR AR )R M
INo 223 TSI i B TR 45 51 L [RIRH 2 T4
A R DX A7 B R K R P TR, DA S BRSP4
KA DX, 1M TSTEArBARET , 2 BB
JE AR AR, ECMWE 5 X 3850 A 2 14 e 7K 53
FE WA, E XA B RS S 20T BRI TS
PESr ,CMA-GFS #5202 W 52 DA b K i
Al AR 8 2  NCEP-GFS #62 1 R X3 & il 4R
BRI K 5 RITI IX T R P U D 0 553 O

/Ng

4 it
XA 2021 MR EA(6 H 10 H—7 A
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TRWSET; -3

s

CMA-MESOHi#k

CMA-SHY FidR

114 116 118 120

2l .
120 i

FHEWRE TR

120 36 1n

34 .

28 30 32 324 36

T 116

CMA-GFSThR
=
pe

114

TCMWE #iiR

120
118
116

114

114 lle 118 120
q

P
@ 2
o
..

114 116

Tig 120

25

-4

30 32

34 3e

NCEP-GFSfidit

114 116 118 120 25 30 32

A 36

ni#.1/10%km? 25715 5 fmm
60 (e 80 |4 -
40 o '// 70 7
LY ®a
20 i 60 | ol °
® :
[
0 20 40 60
60 g 80
[ ] /

0 10 20

30 40

B5 #A MODE F ikt 3 R £ &M A2 R RA L3R IEKG 2 EAE T
(RAAR BRI LI, A BRI R Tl , KRB 3 U AR ) B 44

10 H OB 224 2 WUE IR 45 R A 2R BE X
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Verification and Analysis of Precipitation Forecast during

the Meiyu Period of 2021 in Anhui Province

ZHOU Shengnan'?, WANG Dongyong', FENG Ying', LIU Chun',
ZHU Zhu',LIU Ni'
(1.Anhui Meteorological Observatory, Hefei 230031, China;
2.School of Earth and Space Sciences, University of Science and Technology of China, Hefei 230026, China )

Abstract Mitigating substantial loss of life and damage to personal property from Meiyu rainfall calls
for the accurate and reliable numerical weather predictions (NWP).A general approach to improve the
accuracy of Meiyu rainfall forecast over a region of interest involves verifying and intercomparison
multiple NWP models’ results.This work focuseed on verifying and analyzing the Meiyu rainfall
forecasts in Anhui province,China,based on the outcomes from seven NWP models,including three
regional models (i.e., CMA-MESO,CMA-SH9, Anhui WRF),three global models (i.e., CMA-GFS,
ECMWF,NCEP-GFS), and the Anhui Intelligent Grid (AIG ), during the Meiyu period of 2021 (from
June 10th to July 10th).The traditional verification and MODE methods and TS (Threst Score )were
employed to verify and evaluate above models quantitively.The results showed that AIG and regional
models perform better than global models using the traditional verification method regarding clear—sky
and rainfall accuracy,among which CMA -MESO outperforms others.For the heavy rain and above
magnitude of heavy precipitation forecast, AIG has the highest TS of 23.83,followed by ECMWF
(20.12) and CMA-SH9 (19.34).Moreover,the MODE method findings indicate that different NWP
models can predict Meiyu rainfall location and area differently.Specifically,compared to the
observation, ECMWF and three regional models’ Meiyu rainfall location have a large discrepancy,
especially in latitude,and NCEP-GFS predicts a much smaller rainfall area.Furthermore,it is found
that all models’ heavy rain and above forecasts exhibit an apparent diurnal variation,with higher TS
are observed in the period before midnight and during the morning and lower scores are in the
afternoon to early evening.This phenomenon may be attributed to the dominant occurrence of short—
duration convective rainfall triggered by surface heating from the sun in the afternoon during the Meiyu
period.

Key words verification; MODE method ; Meiyu rainfall ;numerical weather prediction model
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