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Abstract: This study evaluates the performance of the ECMWF global ensemble prediction system, the
short-term-forecast mesoscale model, and the rapid-updated nowcasting model for South China based on
GRAPES, by analyzing the spatio-temporal characteristics of precipitation forecast under the local climate

background of Guangdong Province. Based on the evaluation results, a hybrid method for multi-model
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post-processing is developed to produce high-resolution gridded quantitative precipitation forecast
(GQPF). The results are as follows: Multi-scale model integration is a promising technique for objective
model post-processing. The {requency-matching and optimal-percentile methods show the advantages in
ensemble forecast interpretation at synoptic scale, while the spatial correction and clear-rainy elimination
based on localized stratified verification can help further optimize the space distribution and intensity for
specific weather scenarios. Temporal downscaling based on the characteristics of the mesoscale model in di-
urnal variation is beneficial to improve the hourly precipitation forecasting. Considering the interdepend-
ence and complementary advantages of different methods, the GQPF method for Guangdong is established
with a sequential flow of “frequency-matching, optimal-percentile, spatial correction, clear-rainy elimina-
tion, time-downscaling”, which improves the accuracy of precipitation objective forecast.

Key words: multi-model integration, grid quantitative precipitation, spatial correction for heavy rainy,

clear-rainy correction, optimal integration
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Table 1 Standard for clear-rainy forecast verification
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Fig.9 A case of comparison of clear-rainy elimination corrections in July 2019

(a) 500 hPa geopotential height field and 850 hPa wind field at 08.00 BT 27,
(b) rainfall observation from 20.00 BT 26 to 20:00 BT 27,

(c¢) accumulated rainfall of ECMWF model forecasts from 20:00 BT 26 to 20.00 BT 27,
(d) accumulated rainfall after the clear-rainy elimination from 20:00 BT 26 to 20.00 BT 27

FrREREE 15 52 3 h 4% SUFZE 1 b wl s 19 K 3

5E 4 35 4R T UARORE B IR U, R HEAT 24 h i R AR
XF L. 3 HCHER 43 55 B K B A 1 3 AT o B CEL 9D
2019 4F 7 H 27 H w20 57 8 $OH7 & H mE 0 O
AW K2 850 hPa fil 925 hPa & 55 74 [ K
Pl AR AR T B BT /N T ) S v W R K 52019
7 H 25 H 20 it ECMWE #fi E i 48 h #i
) AR KFR T B A /N I AR B R A R
W RN IR TS 2y 0. 194 83 AR D ik L WM 25 1T 1E )5
R FHCAR U AL OR BT R A0 A Tl B A /0N R ) S R
K5 SEOLE WG WERE AR TS #2872 0. 8726,
BT 24 h BRI R TR . B A LSRR
o N O B SN T 8 0] 5 G U i e
BAHTI OGTE fL. ARG T 2 ERES TR ANX
BB A R X S =R K B 3R A I f] ot £k

i,

AT7 PR 3 h I R TR 2 O R 4 T (& 10D,
24~48 h NIZ 3 h BEFHTi4R TS f & ~0. 8451, &%
IK2 0. 7303, S 1A it 5 T 41 Fof 280085 i 52— 19 T B
JEFs sl i (7 PN 3 /N B (%) 1 T 9041 S 42 T 3R B
ER T AR B BB H (8 11D, ok
1 hif &% 3 h Wi, A 05 i Bk B mg AL T 4E
IR E R, R g IR R, 2 ROBE LAY il
A LRI DS T 2R 0 g B[R] 0 9 25 1) I A B 2K T
e %

2.2 @REKTENTIESH

ARTT U RE SO 9 B K AR E D 24 h SRR K
BF] 50 mm, 5 3 h RBFEKEIKF] 20 mm, R



b
&

k/‘."‘_-—_\.—w

T tew

03 06 09 12 15 18 21 24
TiiHR/h

TilikHTs —e—GQPF —+—SCMOC GRAPES_GZ_R - -e- -GRAPES_GZ

I R AR TS
CLELEeeeee
O WER LU0
CLELEeoeee
O WR LA QX0

T 45

Bl 10 20194E 6 H 1 HZE 9 H 30 H,20 By 2411y
& s % 3 h I SR A 30 B TG
Fig. 10 Accuracy and skills of 3 h
precipitation forecast for grid points
from 1 June to 30 September 2019,
starting from 20:00 BT

I FR T TS
coocococoocoocococo~
SchrLrLOUX OO

T S

S OO OODODOoO OO O -
O WRE U IOO

01 03 05 07 09 11 13 15 17 19 21 23
TifRits%/h

Tiithtrs —e— GQPF —+—SCMOC GRAPES_GZ_R - -e- -GRAPES_GZ

K11 A 10,87 M52 1 h
Fig. 11  Same as Fig. 10, but for 1 h precipitation

forecast for Guangzhou Station

S R K AR TS B U DR £ 753 53 07
LR ]

TS NA

~ NA + NB + NC
P NA Ok K T4 15 3 0l (0O B0 NB R 55 it
3 (U HNC Sy s (BO %8

A5k 24~48 h SR B TS A 0.217, 5
[FIHIR 24 h 48 3 Wi FEF . I8 T GRAPES_GZ 1)
12~36 h B8RP K W4 (TS:0. 167) 3 % F 24 ~48 h
P 3 h s R K T AR 7 0 R g S T4 ) A R
BT R4 B TS AHZEAE 0. 01 LAY, Horp
A 7R AR S HURE 0. 02 BRI 2 AR TS
Wik 0. 02 IFRA 1 4 HE R LT GRAPES_GZ
_R fl GRAPES_GZ = (& 12),

XF T i B K AR ol 55 RO R E R
A DAL B 25 O 0 1) 7 DX A5 A AR 2 O T 41 1)
043 T B X R RSB CUN AR SC I R X B 7K

(8)

B BAE . SRR A ) AR I G S R OK R T i i E R S TEA 547
1.0 10.05
0.9 10.04

o 0.8 10.03 ©
5 0.7 40.02
Z 0.6 Jo.01 .E
Z0.5 S~ 000
& 0.4 747&“/ Nl |-
= 0.3 * 1-0.02%
0.2 °o---6 1-0.03%
0.1 1-0.04
0.0 ‘ ~0.05

03 06 09 12 15 18 21 24
TR 2/

T4y —*——GQPF ——SCMOC GRAPES_GZ_R - -e- -GRAPES_GZ

Bl 12 & 10,{H5% 3 himpgEk
Fig. 12 Same as Fig. 10, but for 3 h heavy

rainfall forecast for grid points

HEAT SR K 23 A & 0T I D2 — AN B 24348, 2019
A8 A 17 H,500 hPa [ &l #4717 &5 A7 1 7 i b 4R
FREETAD S ) AR 50 T R R 8 R A a6, 7E 925 hPa
1 850 hPa, I 7 (19 V4 #F 32 V4 R 20 ik 52 W) 32 H 52
Me ) 7 PG R 0 LB BT KRR B 2 W JR R R R Y
K38 A 15 H 20 B G R ML A /il A 48 h 1
PG A KR B 7K X B T DA b R KA B U 4R
7 228 3ok 4 2 5 o 7K 45 [B) 1T T 1 7= o D00 0 91 8 7
Y 2 5% BN B R K . BT TS P43k 3] 0. 25, RE X F
RETR I T s, BARBAITIERTA T 3 21
Ptk (B 13),

3 i iie

ARSCAES 25 [ AR 2 10 35k 1 o 1 AR R 4E
TR A B O 1 B b b X R TR AR O ST AR
SRR TS 5 T A W R0CR HEAT 40 AT I 6 TR
V55 R JC A% B R AN Ak L o P VR 3 S O IfT
M)t I BRI B0 R A 1) R
DA A R K TR . EELEIB AT

(D AT ECMWFE £ 4 M dl . 2 mg X3 rp RO
Bl (GRAPES_RZ 3 km) 5 % 5 [X 8 6 B} 1 3 A5
X (GRAPES_GZ_R 3 km) = Fl {8 Fil . & 52 10 &
K TR B R TR G EREG TR
A PR AE 20 1 R SR BE R AE T T AR A O S 0T I
T 5 o K S5 LR 37 55 4 AT 2 ) R 5 B ABGHE — 23T
1E S SR 5 R A R BE A5 X AR b 45 T RS 4H T
i AT I [8) f RUBE T8 1R & 22 5 vk AR =

() TR A TR U7 i b I S8 I L 3T 1
B X 535 I 7K AT 238 AT e v SR A 7K BT 238 A1 O A1 1)



A

548

% 84T %

50°N7

40

30

20

26°N

25

24

23

22

21

20

110 112 114 116 118°E

B 13 2019 48 A —

— UK B 7K A~ 191 By e g K

110 112 114 116 118°E

6] 3T IERCR X L

(a)17 H 08 B} 500 hPa {3 # & B % F1 850 hPa X375, (b)16 H 20 B FE 17 H 20 B B AN & 5200 .
(OFMAE S 15 H 20 BB 16 H 20 BFE 17 H 20 i RELH &,

(d) 5 g K =5

WITIESS 16 H 20 B2 17 H 20 B R 7k

Fig. 13 A case of comparison of spatial correction for heavy rainfall in August 2019
(a) 500 hPa geopotential height field and 850 hPa wind field at 08.00 BT 17,
(b) rainfall observation from 20:00 BT 16 to 20:00 BT 17,

(¢) accumulated rainfall of optimal percentile from 20.00 BT 16 to 20.00 BT 17,

(d) accumulated rainfall after spatial correction of severe precipitation from 20:00 BT 16 to 20.00 BT 17
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