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Abstract: The total performance of short-range torrential rain forecasts during the 2020 Jiangsu main flood
season (June — September) is verified based on the three global models (ECMWF, NCEP-GFS, CMA-
GFS), three regional models (CMA-MESO, CMA-SH9, PWAFS), local objective forecast commonly
used in Jiangsu operational forecast service and subjective forecast by forecasters. Verification and case an-
alyses of stable and convective torrential rain forecast are also demonstrated respectively according to the
types of precipitation. Results show that from the overall verification, the subjective torrential rain fore-
casts of forecasters only have positive TS skill compared to ECMWF within the 24 h forecast lead time.
The torrential rain forecasts by local objective method and forecasters have TS™>regional models™ global
models except ECMWF. It is not true that the higher model resolution, the better forecast performance for

either global models or regional models. Most regional models have obviously larger torrential rain foreacst
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area and high false alarm ratio, while most global models except ECMWF have obviously smaller torrential

rain forecast area and high miss rate. The CMA-MESO model initialized at 20:00 BT has obviously better

forecast performance than that initialized at 08: 00 BT. For stable torrential rain forecast, forecasters

should take more references of the ECMWF forecasts, the local objective forecasts within 48 h lead time

and the CMA-MESO forecasts initialized at 20:00 BT. As for convective torrential rain forecast, forecaste-
rs should refer to the region models CMA-SH9, PWAFS, and the 24 h local objective forecasts more.

Key words: torrential rain, verification, stable precipitation, convective precipitation
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Fig. 4 Same as Fig. 3, but for forecast of forecasters and local objective method initialized at 20:00 BT
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Fig. 5 The 72 h forecast of forecasters and local objective method initialized at 08:00 BT

(corresponding to the 84 h forecast of models initialized at 20:00 BT) in terms of

torrential rain during the 2020 Jiangsu main flood season
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Fig. 6 Same as Fig. 5, but for forecast of forecasters and
local objective method initialized at 20;00 BT
(corresponding to the forecast of models initialized at 08:00 BT)
F1 2020 FIHERETMEAMARBEN 08 BRI AT 24, 48, 72 h
(3 Rz 3L 20 BFREHR B9 36, 60, 84 h)
EMHMPBREEREKERN TS EH
Table 1 TSs of stable precipitation samples of the 24, 48, 72 h torrential rain
forecast of forecasters and local objective method initialized at 08:00 BT
during the 2020 Jiangsu main flood season (corresponding to the 36,
60, 84 h torrential rain forecast of models initialized at 20:00 BT)
7 i 2 1 AR ™ fh 24 h 48 h 72 h
ECMWF 0. 361 0. 444 0. 406
AR NCEP-GFS 0. 309 0.321 0.195
CMA-GFS 0. 309 0.230 0.217
CMA-MESO 0. 382 — —
X X CMA-SH9 0. 381 0.332 —
PWAFS 0. 264 0. 314 -
BT IE A% 3 % W 0.394 0.435 0. 386
EW TR AR 5 0. 369 0.435 0.391

T TS W4r KT ECMWE 83X fnfl i 7r . F [\

Note: TS larger than that the ECMWF model is in bold, the same below

A1 .08 I AL R 1 84 h I 5 Ay NCEP-GFS % [ i i
B TS W45t 5 F ECMWFE, % 2 i FH 2 W25 it
HALLARAG (R, BARE. M FREMERZW,

ECMWEF #5854 3% (& 26 B 47, 48 h B850 P A A i
ZWLHHR T ECMWF (93T 15 K £ B A 2T TS iE4r
N BRI SUE e =
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x2 BERI1L,EABHRIMAMEDR 20 B ER (X EEK 08 FER)
Table 2 Same as Table 1, but for forecast of forecasters and local objective
method initialized at 20:00 BT (corresponding to the
forecast of models initialized at 08:00 BT)
eSS Bl fi 24 h 48 h 72 h
ECMWF 0.348 0.390 0.218
L BRI NCEP-GFS 0.292 0.298 0.269
CMA-GFS 0.241 0.179 0.181
CMA-MESO 0. 275 - —
[ N CMA-SH9 0.295 0. 311 —
PWAFS 0.329 0.237 —
HWATIE 7 3 % WL 0.359 0.423 0. 209
F LR TR 7 0.348 0. 402 0.216
3.2.2 ARSI L P 2 A0 D R AE T A il AR L i ECMWE

3 MR 4 eI T A [ S 41 i [R] 0 95 A i A%
T AR AR X A & TS PF4r . ALK
P AR B ANAE 24 h IR R B AT, X A
#* CMA-SH9 fl PWAFS # [t ¥ ECMWF k£ H
AR TS P4y I3, £ 845 55 T HRARM 2 W s
i 28 M) o H A A7 7 F W9 T 41 180 AR ) S s K 1 1)
G, (AR 20 BE AR 4 Y 48 h Fl 72 h B AL
1) NCEP-GFS #f [t T ECMWF H A # TS ¥4
TECT 33X iy s i i AR P AR AR (R 2% 7 93
A AR B AR /DN . e Ah, 08 IR IR B CMA-MESO

) 2 £ {H 2 W U 43R 40 L T ECMWE H13% F [
K. B BEWEXE L, BIKKE. ST X512
i, K3t CMA-SH9 . PWAFS DL K% 24 h B3
A M LTRSS

3.3 EWMAOIEE

3.3.1 RBEZHEARANGKIE

B 7 AR 2020 45 6 17 H 08 Bl fi
f9 36 h F K R L AR BLORIAS M %0 2020 4R 6 H
17 H 200 2 4% 9 24 hFg 7K 9048 LA S 5 B 14 20 20 4F

®3 EFRLEAFREREK

Table 3 Same as Table 1, but for convective precipitation samples

) i A A TR i 24 h 48 h 72 h
ECMWF 0. 207 0.121 0.091
AR NCEP-GFS 0. 080 0.125 0.126
CMA-GFS 0.077 0. 087 0.039

CMA-MESO 0. 204 - -

I o i CMA-SH9 0.214 0.198 —

PWAFS 0.216 0.161 -
HAMITIE A % WL 0.230 0.116 0.085
EW TR T4 51 0.222 0.101 0. 087

x4 BEFx2,BAHITWEREK
Table 4 Same as Table 2, but for convective precipitation samples

e TR 24 h 48 h 72 h
ECMWF 0.212 0.169 0.165
4 BR AR 2 NCEP-GFS 0. 146 0.053 0.071
CMA-GFS 0.131 0. 156 0. 089

CMA-MESO 0.126 - -

XA CMA-SH9 0.227 0. 180 —

PWAFS 0.178 0.176 -
HWITIE A Hi % WL 0.242 0.157 0.158
T TR 4 51 0.272 0.164 0.160
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(d)CMA-MESO, () CMA-SH9 ,(H)PWAFS, 17 H 20 HEH A 0~24 h [FK K
(U E M, (h) T 51, A (DX R 17 H 20 B % 18 H 20 B FE KU
Fig.7 (a—1{) the 12—36 h precipitation forecast initialized at 08:00 BT 17, (g, h) the 0—24 h
precipitation forecast initialized at 20:00 BT 17 and (i) the corresponding precipitation
observation from 20.00 BT 17 to 20:00 BT 18 June 2020
(a) ECMWF, (b) NCEP-GFS, (¢) CMA-GFS. (d) CMA-MESO. (e) CMA-SH9.

(f) PWAFS., (g) local objective method, (h) forecaster

6 H17 H 20 B E 18 H 20 BFREK MM . 35 5 Ki%fa
SE PERE KA ep AS ) 3904 7 i % W9 45 % 1 AS [ 3
4o T RA A8 Sk 8 R A A Ti) 2 TR A 2 1 e R
T T PR P A 22 SRR . O R N A R R UL )
FETN & OIR 4 i 7E WY i — 4. 1 NCEP-GFS Al
CMA-GFSJlgflt T iX IR B Wi 72, 5 HAFTE R K
T T U 1 %6 L2 T 10040 v R S /N I R T 25 e M
— 0, X AT BE A X A A ER A 1 4 SR M

5K R Y RSB DT BB R . AR
ECMWE ) 73 H 5AH 0 5 e % T R 1k 5% 1 19 4
F1 5 B8 37 R AT 8 B L BT TS 0 fie i

Mo TR AE 3% A4 B b Xk T ECMWE 83008937 1E
RORASBAE B2 W 7 DA B o/ - 2550 TS P20 4 1L
T ECMWE Sy i3y . XUl T 0 e R vy
P4 T e 0 R W R A (E TR SR B AL E L
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x5 FURRMAMEN 2020 £ 6 A 17 H 20 B EMRA 24 h(3TEX 2020 £ 6 A
17 B 08 B2 A 36 h) R MM TS TS SAERE RWEMSHERL
Table 5 TS, frequency bias, miss rate and false alarm area rate for the 24 h torrential rain
forecast of forecasters and local objective method initialized at 20:00 BT 17 June 2020
(corresponding to the 36 h torrential rain forecast initialized at 08:00 BT June 17 2020)

fin e TR ™ TS ¥¥4) AT A 22 % = R
ECMWF 0.581 0. 790 0. 342 0.132
A ERBEA, NCEP-GFS 0.026 0.026 0. 974 0
CMA-GFS 0 0.053 1. 000 0.053
CMA-MESO 0.222 1. 895 0. 474 1.368
X o A 2 CMA-SH9 0.487 1.895 0.053 0. 947
PWAFS 0.275 0.711 0. 632 0. 342
FWATIE 7 % W 0. 465 0.658 0.474 0.132
ES Rk T 0.535 1.868 0 0. 868
(a) ECMWF (b) NCEP-GFS (c) CMA-GFS

116 117 118 119 120 121 122°E 116 117 118 119 120 121 122°E 116 117 118 119 120 121 122°E
(d) CMA-MESO (e) CMA-SH9 (f) PWAFS

116 117 118 119 120 121 122°E 116 117 118 119 120 121 122°E 116 117 118 119 120 121 122°E
(g) A (h) Tk 5 (i) A

35°N 35°N 35°N
34 34 34
33 33 33
32 32 32
31 31 31

116 117 118 119 120 121 122°E 116 117 118 119 120 121 122°E 116 117 118 119 120 121 122°E

0.1 10 25 50 100 250 mm
&8 [mlEl 7,102 2020 4F 7 A 18 H 08 X 3t 1 £ w4~
(a— D08 Bk, (g, h)20 BFEHA . (D18 H 20 BFE 19 H 20 BF W
Fig. 8 Same as Fig. 7, but for the case on 18 July 2020
(a—f) 12—36 h precipitation forecast initialized at 08:00 BT 18, (g, h) 0—24 h precipitation forecast
initialized at 20:00 BT 18, (i) observation from 20:00 BT 18 to 20.:00 BT 19
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TR R . TR 5% ECMWE [ 85 E 17 T 3
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AL T ECMWE,
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K 8 Fy AR 2020 45 7 A 18 H 08 I 4Rk
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19 H 20 B FEAK W L 32 6 Ay iZxt i 2 B 7K A 3] o
AN [ AR 7™ it B T SR GRS R 48 o A A1 451
PR AN 7] 28 8 8% = 7 %o 3 M 2 W 990 41+ A9 AR 22 D
PR I 2 W R ) R A 2 AR 43 Sk B 3 A

VLYE Z AR R SR AV VLR AL IX . = A 2 BB U
VBB H 3K YOGS U A R A R A R R AR AR 4,
 ECMWE 11 2 §Y /i 7 A7 95 T A0 3fE b H X, i
NCEP-GFS F1 CMA-GFS 5 15 42 1 2 0 5 1 />
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FRBOHL T /INRUEE R AR GE 09 TR e ) A R T
o K U R AR R B AR T LI Y 2 T
e, o CMA-SHO B2 1Y 55 1 V& X 5 52 00 55 oy 3%
L PWAFS 7 — & BEBE AR T WP 2 5 14,
EFR A7 45 0 3 H CMA-MESO #XA4 th 1 VL e
ZE R R AR, CMA-SHY =X 7 4 & T
PWAFS il CMA-MESO 4 it IR nJ B8 L 2 1 & %
TR S EAE T 58 5 AR T 1 RN A ARG -
PLE RO HER G R T 3 km = 23 BESE G 4
FEEBT AR T BB X S Eb T 58 5 AR TR A R i 4
TR AR A AEL 2 TR 9% DX %) A B2 AN 40 CMIA-SH 45
Ko A VLR AR 732 % T ECMWE £2:X
TR B TR L 98 XA 2 8K 2R TS WA 81K

F6 FIRBMAMEFUHIR 2020 £ 7 A 18 B 20 BERE 24 h(IFEER 2020 F£ 7 A
18 H 08 R 36 h) RWMBRE TS T4 HEHE RBRENTHEREL
Table 6 TS, frequency bias, miss rate and false alarm area rate for the 24 h torrential rain forecast of
forecasters and local objective method initialized at 20:00 BT 18 July 2020
(corresponding to the 36 h torrential rain forecast initialized at 08:00 BT 18 July 2020)

R TES TR ™ TS W¥43 i 22 i 4l % 2SR
ECMWFE 0.021 1.133 0. 956 1.089
SRR NCEP-GFS 0 0.333 1.000 0.333
CMA-GFS 0.016 0.378 0.978 0. 356
CMA-MESO 0.152 1. 867 0. 622 1.489
X do A =X CMA-SH9 0. 306 2.222 0. 244 1. 467
PWAFS 0. 109 2.156 0. 689 1. 844
FMATIE A 1t % W 0.019 1.378 0. 956 1.333
ESPUNE Tl 5 0.055 1.978 0. 844 1.822

1 g Hie

A 2020 A5 3 TR 5% F AR o O AR Ol
8 W = 4 4 Bk B L (ECMWF, NCEP-GFS,
CMA-GFS) , =4~ K B & 2L (CMA-MESO, CMA-
SHO9 . PWAFS) A} % UL 7l 4z . 701 4% 53 3= 0L 01 4%
AT 5 RS 30 PE Ay o 4 I8 K M J5T 43 A 2 1 22 FR R
XoF i M 2 I AR AR 43 G HEAT T TR PR RE A 5 L R S R
AN T MR (0 R e R TR R 9 A R T A8 ) A 58 )
Brad 15 DL 4598

(1) MBS B0 A A, TR 5% A9 2 TR 8 08 79 412 4
TE 24 h BIRLAAE LT ECMWE 5 TS ¥ 4r IEH 55
7 HiL 72 WL T AR R T4 Y2 R TR TS E 4 > X
WA > By ECMWF RISy e akei X, HJGig 2
SRR A SR DI 2, I A 43 9 20 0 T4 1 e
AT

(2) DRI 5 1) 25 T 904 K 22 1 AU K 28
s R B ECMWE L Ah i 2 1 B4R K £ 1
R /I o T 0 3R 25 5

(3)20 B CMA-MESO ) i 3 14 g B B
47T 08 B R 4 i TR
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