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Abstract In order to improve the hit ratio and reduce the false alarm ratio of short-time heavy rainfall (SHR) forecasts in
Guangdong province, a method that combines physical parameters selection based on significance and sensitivity evaluation with
factor analysis was proposed to construct probabilistic forecast model in different periods and regions. The ECMWF-Interim
reanalysis of 4 times daily data with 0.125° spatial resolution and hourly gauge rainfall dataset in Guangdong province for the period
from 2009 to 2018 were used. On the basis of significance and prediction sensitivity evaluation, 18 physical parameters that
obviously deviate from their multiyear averages and may possibly reduce the false alarm ratio were selected out of 49 parameters. The
varimax orthogonal rotation method was employed to regroup the selected parameters into 6 factors. These factors respectively reflect
different environmental conditions. In order to optimize the model, the factor analysis was separately applied to different regions and
the pre-flood and post-flood seasons according to the spatial and temporal features of factor deviations. Based on the weighted
combination of factors, the probabilistic grid forecast model of SHR in different regions and periods was constructed for SHR
forecasting at 6 h intervals. The forecast model yields impressive results in operational experiments during the flood season. During
the period from April to September 2019, grid verification was carried out on twice daily forecasts of the probabilistic model at 12 h
lead time. A determined probabilistic threshold corresponding to the optimal TS in the training period is taken as the forecast
probability threshold of SHR in individual regions and periods, and the calculated threat score (TS) in most of Guangdong province is
above 0.25 and the highest value is 0.42. Compared to the operational ECMWF-Fine precipitation forecast, the average TS of the
probabilistic model forecasts increases by 0.23 in pre-flood season and 0.21 in post-flood season, with the greatest improvement in

the southern coastal area. Moreover, the model achieves a good balance between increasing the hit ratio and decreasing the false
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alarm ratio. Cases analysis shows that the probabilistic forecast model has obvious superiority in SHR forecasting in warm sector,
which is often missed in the ECMWEF-Fine precipitation forecasts. The probabilistic forecast model can provide more valuable
information for early warnings of SHR under synoptic conditions with weak dynamic forcing.
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# E AEX 41K 0.125°%0.125°1) ECMWF-Interim £ 43 41 %R H1™ 4R 44 2009— 2018 4F b T8 < 52 vl 328 e 7 30 00 0 ) 482 1) it g
AKECHRAR , X AR ORI 2 | A [R) b 35 00 e iR R K, LR v i o A [ 4 ) R R Y, B R T R U PR
Wy HE A A A Tk, P A L 40 DX T AR e R A K A SR AR A LA S 0 2 R 0 A SR bR, TE 49 A
Rre 3t vhpk it 18 N BE 5 Z AR P B A B 0 25 5, MOHE A BR R 4% 8 3 a7 7 22 i R O 3 Jie e BB 0 T 12 4 3 1k
Py B A LR AE RS R IR B 25 0 6 A 75 S (2404 TR 7 38 EL 38 N P, 3 DR O 225 B AR AE X T 2R L 5 YRR [ X4
M7 L R HEA ] L 4 X SE A SRR K B 6 h K AT R SR TR AR Y o VRl 45 X 6 2 I, AR X s iR R UK & A A SR TR AR 4R
U o X 2019 45 TR AR 78 4 2K 19 RS 9 12 T90-48 A 200 P M 56 7= B R AT A ARG 56, DA DI B0 SR TS B e i 1) [ S A % A Sy T
T RE 2 A, )R A KEE 2 X B TS T 40 48 5 0.25, ik i i 1 0.42, - 4% ECMWEF-Fine V. 45 #2076 10 . 5 I 4> 3142 7 0.23 5
0.21, R & UT I TS P43 48 FH 0 B2 05 oK, O LA B 7 42 Fh iy P 0 5 B AR 0 & R 2 ) OIS B8 47 19 P 4l o A ar BT R B, X T
ECMWF #8203 Ui i 19 ) 2R 8 DX B st K, ARE 3 o i 458 A0 EL A ) Wl O 94, DI RGBS R R0 R 55 3l 0 i 3 170 i g K 30 ol 2 4

B LA 35 A
K1
FEESES  P4S6

1 5 5

J7ZRAG AR A 2 RV X, A R A K A
R IR /I I R R A v 3806 T i o K OF (R
5,2013) . JEBTSREEK Z BN RE R, B
ARBE/N . R A 8O ™ E AR,
O — ST B85 T ) AR e s R 7K 3 R )
RKABIECE (L5778, 20165 PRITHRAE, 2016) LA
KAEFE T . S5 I 5| &SR K KRR ARG Rl E (T
W LT 5, 2014; BI554E, 2019) . A2 A0 (Du,
et al, 2018) . 1EFH & Z4 3 JE 45 51| )2 18 5 % kb (Chen,
et al, 2018) 75 1 5 98 B W {6 48 2o 72 vl 31 2R
X ST R 2 A (R R A AR R R AR, SECT R
T R o 7K B A AR R AT, SCME TR A A AR > K 1Y TR M
(Luo, et al, 2020) . U1 2017 4F] M “ 5077 5 K 5 7
TR, B IWOR IS B0 SR T 5 184.4 mm/h, 45 F
2O 2% X B AN T g /0N W9 55 R 2RO B K (R
,2018), 1l 55 W 0 ™ E w4 . 7E HATEUE
B 20X F 42 B B K TR O o A7 AR i A Bl
(Zhang, et al, 2016), Il FH KA 2 19 9 3 S B0t
SLERR 2T B R TR R, B —N A g 25l

S R R KR TR R R A 2 —, R
S0 iR X EL AN — B 1) R85 A% (4 AN ) B R
FRAE, BT E A #2058 T AR R LI B 120 47 %%
R X & A (W B Il S 3 E A B

BEARTURAR AL, JERBR K, PO EUEE, W74, BRIXREK

AR B AS 2 > J7 vk i B A5 7Y, 78 75 HL (Gijben,
et al, 2017; Bates, et al, 2018) . 555 %% (Gallo, et al,
2018) . 5% yK & (Mohr, et al, 2015) Fl J¢ %: ( Simon,
et al, 2018) A TLIN _I- HRAS — & 00 . iXFP 5L T4
LS 2R TR 6 U Y T PR BERRE T (AN S A
2020) . HEEZAG OB AT BB E” B
T JE 5 X i R AR A 55 (5K /N F2 45, 2012),
ZJ5 — St o 38 ok 5 S B T gt e b B,
g g T e A K AR Y L R AR AF (2012) B TR
HHCHTE A R AL T4 R 48 (BJ-RUC 80 1H5 17—
ETIEY/BL I S S R DO N W~ K ORI By
PE o W G4 (2015) W AH X I 22 4550 46 B 17
AR, X o ROBE AR 2t 10 % 2 B A 7 328 U O
FUASCEE 43 B, P4 S 3 205 5 X Y R/ T M 23 455 7 -
v 55 o R AEZE (2019) 1% %« Tl okl e 1y B
ST TR A TR A6 I A5 AR SR TR vk, R IX
P B v g I 5 A K RO A G i 0 SO . A
25 (2018) Kl ECMWF 4= BR A% 2 20 R0 4% 48 77 i
3 ok 3 A (R A AR DR I 22 S48 BOT AL 5 R
I 5 56 K A A= BURK BE Y 5 v T AR A K TR
AL,

2B R TR O 3 B DL B A O R
T Ko 54 B RO 2, B T A B e 1
51235 M T AR R Ak SR, PR G T A S L
P A i bR 1 5 D3 A, BB 4 W B AL 2 A] A DG A 23



FRA e A BT T T BT AR A N R PR K PR AR S HE 55 i 17

BRI R ITUARAR B o R WAL R (Y 4 A AR 5, 7]
X E AT R A B s PR T O, B T
WA B . BT o0 2 — ok 8 BUL A B4
A AR R W 7, BEAE AR i 1 O 22 /P 7 22
AT, 7R TT BE 22 M0 B8 D 4R AR A5 B Y L il
L, FAEOH AR ROk R IR G AR i BT A
HYRHPE, RESE X4 5 2 A% A5 B XM B /K (Godart,
et al, 2010) Fl4% ¥ 5 [ 7K (Felzer, et al, 2020) f ¥
B 7 HEA T 80 BT, I 3T PR 40 W e a9 A
RI(RETT E55, 2012; R ASE, 2011)

Shy figt TR — f B g 0 6 S R O K S ) A
Hh 3R R R TR 2B b T T S B TS B 43 BRI (]
RO, R BB T A kv, SO LS (LR S
ZAET BN 2 5 )RR AE CREAE i 26 11 8D A5
W, T 1E 7 Ml 55 W FH i EL A IR R R R v R
s, O ARA IR IS, AR,
A 5 VR, A ) DX A B K R A 25 57 K, 3
S 3 [ K R A A% B R 2 AR S 3 S I 25
255, AR A B R AR AT R A
L OB T SO T B0 BE R . Sk I S b BERT
Je TR DA B AS [ X3 0 A %5 D] 7 R AE, ST 40
3 DX B R RAE KABE 8 TR Y A S Bl 55 1
R U P ORI O 20 TR B R 5
(ECMWF-Fine) 7 4 £ 8 iy A AE 2 0 e A5 A, JE B
S BRI K 0—36 h % 6 h BERF ™ 5. it
MRS T2 A1, A5 AL 38 1] Byt 22l ST B, 430 )
e i Fof iR B K e A L R R R OR [R) R B R AR, AT 4R 4G
AR S 0 8 AR AR, 5 BRI [R) 28 R 1 S e o
B 7K, Ay = 00 T4 0 o e B K 8 XL SR RIS

PR €Y (3 SRR LRI VAV RFS

2.1 HiEAIE

TR S 0 B N T AR A X e R S v (L
SEARUE RN k) B /N T R AE . H SRR
BB b T i A B A — 0 A SR E] 20 mm/h
DL RK o, (H LA A oL, 50 km 24230 FE P Y
FoAx ol a5 3 TR K, WA A 1% S A iR B K e it T
BE; 2 1 a PN — Ul U DU RO B R e 5%, T AR
SRy WA Sl Ao OB S AR Y B S 0T SR B 3
ANAE Jy S B R R K AR SR o 3 Sl SO0 e %
F# 5 ERA-Interim EA A [A] 25 [6] 43 9 % (0.125°)
0 A B0 4 9 E AT S80S 3 (3 G145, 2015),

JrE AN < 3 D BT A A% A5, 7T 5 BT BRI IO
BT B (T IS 3 h) P, A% i DX 9 AT 3 e 5
F =20 mm/h K, WA R iZoms st B0 T 6 s 5 A K o

SC el R I R AT AR O B B 43 AT [
AL HE 2 (ERA-Interim) 3T 35 A ¥ Bl &2 . ERA-
Interim V£ & H \1) 32 8 FH 049 84307 98 L, fd FH DU 4
AR 43 TR Ak 4 A TR AE T R 2 T L B kL, &5 22 Fib
RERIEF ARSI T TR i 19 42 T, X TIE#5
HA B0 B EE /1 (Dee, et al, 2011; 5 /145,
2018), 78 [ B 52 2% . LI ) A e 11 b X HL A
B0 38 FHME (Bao, et al, 2013) . EERBIECHRREAI
xR 2009—2018 419 4—9 H, ML ] & 2019
A 4—9 F, B R K AL 55 a2 1T 3 H
ECMWEF-Fine il # ¥ . ECMWF-Fine #& fit 1 X
2 YRR (08 BF 5 20 B, JL5TEE, N [R]) | M2 E
25 () 43 PR 0.125°, B2 TR PN 0.25°01
T s Az i 0.125° 43 BE A A A AL i 10 7 o o
25 PR B R AT SRR, TP -5 b 18 B 2 43
%(0.125°) — M H5 #1135 . % ECMWF-Fine il it
Yot B 0 ) B8 i 2 80 A S TR LAY A A 0—
36 hiZ 6 h % A i [ 7K 5 AE 2 AR 7 i o
2.2 BEFE
2.2.1 YHEITES#EE

F) ] % )2 ¥ ERA-Interim % B} XL . T B | 1%
L RESER, IE 494N R B 1. T
Yy B (ULRR SR 1) o i/ M 5 25 57 0 A A
(A5 ), 4 3L R AT 22 4 7 B 25 401 ok Ak B . X
F— RIFEA R, TR 24 (2001—2018 4F) 2K
KiJa 452 d(3t 5 d) [a]— B v Ay 4 B S 2448

Shy 9 VE LA TG4 78 R SO AR O A
SR, DL AR AR R UR M FE AR oA i . e 3
B4 Fsf 5 [ K AR B R S AR S 25 R
WM. H TR sERITEN R, THEARX

(1)

n—1

St X = L o B R 20 R

B WTHI, o= || > - WA b
n—14

25y n NREARZS R THBOR, XN AP B B
B i EPELIAE, SIARHIE &R (AROC,



18

AreaunderReceiver Operating Characteristic Curve)
(Richardson, 2000) 7 4 UM 35 5 , 1% 48 4 5 2
Py B 1 1 Sy FHR PR TR R i B UK R A 1 g
(ERE D NASIE T E BT § =IO XL T AR @Y
oo 128 49 APy #5014 32 38 & S VR R AE il
2 (ROC, Receiver Operating Characteristic Curve)
(Richardson, 2000), H: 41264 24 4 TH 16 & b
HUEBE A bR, A UL, IR BT A W M
SN SR S (OB e G N 5 A NS DO IV /L s i ]
AROC 4t F AR LK, RTS8 5 10 L3 2
BOFABRA —HE,

Xt BT A P EE R ) T 1 AROC B A~ 48 b i 47
HEAL AL BEIF AR N, TH R LR SR HR AR . ZRB 1PN 4R
B85 /0N 0 0 B A L [ R — i AR A A, B
PR ARSI BTR (WLRE S8 1) o SCrb ik s
B VO A AR R B 18 A W B AR S A S R, X
BEVEMY 18 & A R 7o 5 12, LG 6 1
AT L 30 01 KRSEAN R W R P A T 7, OF
T A [ A
222 KT

B 2.2.1 WREHUA 18 4 B E AT T4
B, 7o B SO 2 p DM X (x = x,

1.0

0.8

0.6

Hit ratio

0.4

0.2

0 0.2 0.4 0.6 0.8 1.0
False alarm ratio

K1 49 DRl Z I FH BAEREINZ (AROC 2k
BARRRE ML T y=x BRI ECER BRI 21, 1R G R TE
B Y A T, R AL T 50% A3 E . SR
50% 4L AP B )

Fig. 1 ROC curves of 49 physical parameters (AROC
represents the area surrounded by the ROC curve and the y=x line;
Red lines and blue lines respectively represent physical parameters
ranking the top 50% and the last 50% in the significance test of all

physical parameters)

Acta Meteorologica Sinica A% 4R  2021,79(1)

Xy X3, 0 X)) RWIB A m AW FfCf=Ff1 fo for s
) R A, /D
x=Af+u (2)

o, AN BT 43 B vk 0 B 2 I, e xR
AR (o) (9 AH G R 8O0 B AR 4 ib 2R A5 5
ulu=uy, uy, -, u,) ARG AR 5 (x) 1P BME . A AH
B —A- Py B D BOLA ERF L BA & AT, R
FH 7 26 85 K IE 32 Jie B v 0o TR 28 A 0 B (A A 7 E
AR o PR T 2o A B B oG R Y V- O RN R LA 4
B, BRI AT AR 20 & 7 DTk, R 25 BT sk R R,
BPmr A3 2] 7 B3t ik R . B sk R R B Y
H T B0y 22 8RR BT 22 19 L (FE10%,
100% 19 254k, (BB K, PR 7 19 i BR BE Tl g ) o B
SRR F e, 2t sk S w81 0, (A 2 0
TS T W BB A A RS A0 R e R, R AR AR 5
TR AR 1 T B A R I i R RE ) . B2 K
K205 Tk 2/ Bt Tk e R . Al 0L, M+
B (<5) Bf, HF T kR B B R, B4
g6 W, BTTHR T T 75.9%, [H R TR 4k 221
A - i e BE D R TR BE R/ . BRI, SCrP o A
FHH 6, TTHRFARIK N 19.1%., 18.8%. 12.2%.
10.8%. 9.8%. 5.2%.

K3 X (2) IR REUEFE A, 87 R
B e T TS E R DG, R — R X R 1
JUA e 2 for 4 B o T AR R 0 L R A B SR T
N E B, RSN 1R &I
T, HA 7)) 25085 m i B 5300 1000,
925 F1 850 hPa MM AH X i ik . B 484k . & 1F K48
5 K A8 ESE, vl B R BRI AN R E
JEHZARE (850 hPa LA F)REEM KA . A&
P52 179 i R O 4 3 iRy KR e B VRS KRR R
SRR K B, R R R SOK IR AL B 4]
A7 3 A O i BB R 500 hPa 3 B
700 hPa 3 P 3K B 5 P fI0)2 I U LUy, FE R
B KA 2 s 3 & A A TR T 4 s AHC )
A A IE K454k, K484, 700 hPa £H X5 % B il
SFEEG AA T 5 m A Bl 850 hPa il
B R L 700 hPa T 1 3 5 G2 I HE
BEBU s A 5 6 1Y A G4 3 &l 850 hPa fi
A A 3 AR X B . R4 K FR %0,
223 HFHERSHA I

PR M 3 5 % DR 45 4 b R AR B, AR 4



SRR S BT T AT R T AR A I R R K TR B K 55 i 19
100 20
o . /—O/‘/. . g
> \ )
= \ g
8 \ g
2 60 12 -2
£ \ s
] ° 2
o ~ E
= SO g
< Y o
g 40 P <. 8 o
5 .
g . 5
=~ 20 e 4 2

—e— Factor total contribution o« - N _ e -
— @ - Increase of contribution rate - -7
0 1 1 1 1 1 1 1 1 1 1 1 0
0 1 2 3 4 5 6 7 8 9 10 11 12

Number of factors

B2 P ST ST SR I fEL RS N 75 il

Fig.2 Total factor contribution and the variation of increase in the contribution rate with the number of factors

Factor 1

Factor 2

Factor 3 Factor 4 Factor 5 Factor 6

500 hPa vorticity

Combined index

850 hPa vorticity

850 hPa vertical velocity

500 hPa vertical velocity

700 hPa vertical velocity

1000 hPa potential pseudo-equivalent temperature
925 hPa potential pseudo-equivalent temperature
Middle and lower vertical velocity

850 hPa potential pseudo-equivalent temperature
Convective available potential energy

850 hPa relative humidity

Corrected K index

700 hPa relative humidity

K index

925 hPa relative humidity

Total column water vapor

Total column water

e

05 05 15 05 05

1.5

05 05 15 05 05 15 05 05 15 05 05

Factor correlation coefficient

15

3 6 MBS I T REEE L B4 18 AN B i B PR AR O R A

Fig. 3 The load coefficients of 18 selected physical parameters corresponding to 6 factors

i & Thompson 77 % ( Devlieger, et al, 2016) i1 5
FirAs, BIXT 2.2.2 5 158 0 DX 48 far 46 B A4 SR HIE
B R g R/
F=AR'X (3)
K, FAR T35, A3 (2) 09 B 280 4 6 14,
R = (1)), A AR E AR I R ) B 2 00 A O 2 O
M, X b an B S 5UE . T AR
PR -5 73 10 /91 R 22 001, R o DR 4 40 2 72 Sl
55 AT B IR ME 22, X IR 45 43 2E AT A o AL AL B
PRUEAL XTI 10, 11, b T BR 43 J9il 6 4 ek 5 o 7K
KA IR FEARE G 1 99% 5 1% 40 00 5%, #r
PR e Y PR 1553 IRAE TR A 3
20 5 0 R R 25 R e i K Y RIOR A
BT, DS 1R, ZH TR

AROC . E KT 6 PNE A E Y (F 4a); XF %
[H 7 55 45 ) B AE 30% T I0) 159 (L A %) i 2R 5
TR (& 4b), AT LR BZ A F 19 B 4 (35%) ik T
P A B, T 42 (88.2%) 5 6 M Pl
AT (FH 27 1% iR N) . Wik e 55
14 PR 5 0 7 DRk B AT A v i v R 00 R B, i 3
0T R, R T R AR P - R ROR .
2.2.4  HERTHA A

TE M 55 Ay g FH R 23 31 AR 78 A i i, R
ECMWF-Fine Tl fig 20 9%, i i 2.2.3 95 1 4b 20 B
T TR i — 2% 6 A IR 4 SR A7 i AL
HAE, LR G MR TR . 254 PR HE R 1 AL
O T BTk R R STk 0 HAE (T sk R T A
T W 2.2.2795), B oTdk & B ok, W



20
1.0
0.8
0.6
.8
g
E
0.4 —— Factor 1
—— Kindex
925 hPa PPT
02 —— 850 hPa PPT
—— 1000 hPa PPT
Corrected K index
—— Combined index
0
0 0.2 0.4 0.6 0.8 1.0

False alarm ratio

Acta Meteorologica Sinica A% 4R  2021,79(1)

10 ®

M False alarm ratio M Hit ratio

0.6

04 r

Hit/False alarm ratio

02 r

»
3]
=]
g
M

Factor 1

925 hPa PPT

850 hPa PPT

1000 hPa PPT
Combined index
Corrected K index

K4 HEGHET 1 S5EHey a2 RS E AR (o) BERSArHAR (b) (a st i L & 7 F 1
FEE R WP, b 45 P S B T 30% 430 TN (R 9 1R A iy rh R, PPT B MRS )
Fig. 4 ROC tests (a), false alarm ratio and hit ratio (b) of Factor 1 and its highly correlated physical parameters

(Physical parameters which are highly correlated with Factor 1 are selected. Fig. 4b presents the false alarm ratio and hit ratio of Factor 1

and each physical parameter corresponding to 30% fractional forecast threshold value. PPT is the abbreviation name of

potential pseudo-equivalent temperature )

X PR 355 ) B AR AL Y BT 25 TRk, ] L T AR 45

R H AR KSR S BN R E AR Y

%00 6 BF, I+ B 5Tk RN 75.9%, A1

FCE AR 2 T BTBR R 6 AN R 7 3 STk 2R 0 LA .

PRS- N /N W

Em=O9Jﬁ+1&9ﬁ+122ﬁ+1&8ﬁ+98ﬁ+52ﬁﬂ75?
4

:—Etl:'j9 Fall%*ﬁﬂﬂ@*%%%ﬁ?ﬁﬁ’ ﬁ(lz 1’2’.”96))_"3
TR, A% R A AR B )y B TR T SRR
HTTHRZ I

3 ISR T ARG 23 A R

oA JE TR T AR 48 B i A K B A T S
SR GIE I BA R (BRI 5 45, 2019) , B fii 44
J A ) 0 A AR A 322 5, TR i e ) TR
I 22 geit, 043 P RE AR AR ALY I 49 55 DI, 3
T 37k S A, DA TR A e o SR
550 AH X T 22 A5 24 25 1 O 55 W R, SO R B R o
FK X B B9 2% K7 25 B2 (FB, Factor Bias) .
_ Fi—Foem

Fnean

FB (5)

X, FiGi=1,2, -+, 6) 2 i i ph Ak B 114 I 5
WA IR T AR T I, Frnean AR T390 B Z AR T 21

P 5 D ) AR A8 S TN T A A% s 8 TR 1 i )
B H Ak, BRI (4—6 A ) BIr Ay IR 50 25 152 B H 17
BER BB R B, (B TR PR 1 Y i B 22 e
AN, BFENT IR (7—9 H); JIBR A& K+

0.4
£ 03 \
kS
2 |
< /._—/ —.\\'
o _\_.
= \/ AT
s N —
2
5 0.2
o
<
o9
—e—Factor|  —e— Factor 2 Factor 3
—®—Factor4 —e—Factor5 —*— Factor6
ol | | | |

Apr May Jun Jul Aug Sep

I N VAR R N R i A SR =
Fig. 5 SHR deviation rates of individual factors in
Guangdong in different months



FRA e A BT T T BT AR A N R PR K PR AR S HE 55 i 21

1 Bl oy 186 1 T 3G A0, A DR 3 4 R A AR
Eo S AR AHEMEHEF(AHEHTF 2.
3.5) RS AR — 3, B 5 B R EM B R P
(HAHF 1,4, 6) & BEXET 30 1 RKIRIH T,
HF 7 el g A B 22 5, EaRERE R, B
Z5 45 % 7 A TN o U B S A, L AR Y
N EF BN, HEHETF 1A EEEEA
Wi R R, EMEENE, ZHHETFE6HBAS
{8, 7] B8 5 1% F i s I K & AR I R A i A e, i
Z W FEA B S BN T 2 B AR . R T e
J 22 SR AR AT AR R 5 TRAYI kST AR A A

B2 22 AN, A ) Ml XA S 7 o 22 5 (A
FHAE, 2017) IR 5 B [ b sk A O 2 R T
SR A BRSO 8 A 4 TR 43 A A, THRL T AR IX
% o5, DRI 85 o BT A M A B TR O 5 R £ HR A
AR Ay PR B4 AR X i 125 8, 52 45 R 7 o S ] X 3 1
A B 6 il UL, BReH & B F 4 41, HAH
FAE) AR A LR R Y R 28 H AT B 1) o A RRAE, 4]
A 1A B R R R Y X Bk (B L), AR E R
AR T A iR R K T P T R N e R R
INEY X (PR ) (K 6a); S22, AEH T
3 BRI 22 5 (K 6¢) F B3 138 3 X T B 06
%) S I 5 PR K R A A TR BRI . AT 2.
5.6 A KMA L2 FEE, Hm ., IRE A X
WAL, PRI, 165y X A v, R ] FiA A
XoF i 15 B 1) 2% ] 43 A R, DA R T AR I R A R K
R 5 PR A I O T ARG OS] (1 IR 4T 4, 2017
Li, et al, 2008), ) Z 48 %143 R 3 A X k47
HAR (& 6a) .

BT Bt 5 4 K808 vk, T R 6 4
iR, 7E A8 R B9 50 5 T, A RIS A 5 By
P & T STEkR L 24 I T B B R A A
HABIA . TR 250 XA gl ST AR,
HN AR 3 R 43 X AR R — e i, U H T
I 2R A PG R ML IX., N R A K (0 i P R B AR T
(I ) .

4 AR TR RSO A 5

4.1 TSIESKRIE

Shy K 6 ARE 25 AR 19 Al 45 I P R, e K 0
(2019 4F 4—9 H ) BRI 45 R AT AR 50 . T4
R R M R A, Ry A5 B a5 e P 58 R K TR
At T B — A [ S A R A AR Sy 10000 MR R (R,

1380 {1 1140 26 BB 5 Sy« 6 I 5 0 ) S YU ARAS [
DX 358 15 AN () T AR 23 R 1, A 360 e o7 i o st o2
K TS P4y, Vit TS $F 20 X6 7 A S8 ELAE by T 4R Al
55 T I 2 I A K ) T ARE R R . 1R 7 AR IX
S RT3 000 ARE 3 18 1 6 17 Y TS P4, T UL, Bl
HE 5 (3 K, TS ¥E 4 33 R e i KL J5 /N
MR B (H KT 40% BT, sy OREGE T L L
O3 IK L S I AL TS P43 6 7 A ABE 2 13 (A A Tl
DU ASE AR 5 7 D 30 A A R 5, L A A R R (DL
1. WRITEN: SHUHAF(2018) X TS Kk
5, XETTR A X R 43 Sk 2s T6] 4 B R = )
0.5°%0.5° [ A, [F] B SR FH SRS 240 04 B[] RUBE, T4
B Sl B K P UGE IR (08, 20 ) 12 h Fil 3R i %% 4
3% 6 h = &b, i 08 B i, A 56 14 1 20 B 119
S B iR R K, X R B iR R K SI2 O B B il
11—17 BF, 17—23 Bf o 785 X e 5 % L B B I
FA 2 LL AU 30 5% ) > 20 mm/h FEK, WA
Ry S B R 5 R K

R A B A T i AR G A R R AR
DL B BRI 25 5 5L 55 % H ) ECMWF-Fine [ &
W= b 24T X . B F ECMWF-Fine i 41 7=
B 1] 43 38R o8 3 h, JF B 58 9 £ % B ECMWF-
Fine X HEm X it K 28 (%A (Huang, et al, 2017),
AL LH X i e A X SR BB B A P B 1« 4 AL 36 I Bt
X} R A% P9 3 h ZR T R e KA AT 20 mm,
D)5 7 TR Ry A SR R K o S A1, R SRR R N
I 58 58 7K 1%) FUH O 25, TF 5538 A A% 1 19 0 2 (Bias)
(VL%45,2019), W22 K T 1 B, SRIAAIRD B 45
2 AHBR R, ™ Y w220 T 1, B
W%, K 8 R kR 5 ECMWF-Fine 5% 20 1)
R 56 85 SR EE, T UL, G A TR Bl 5 TR, A SRR
HIAE 44 R X TS W40 ¥ 7E 0.25 L |, Wi iR
W TS PE4 i (E (>0.30) XA T BR VT = f Ui Jz B4t
X (1] 8a), fix K TS #F4r it 0.42; J5 I TS ¥
Sy H (>0.30) XA Fg EB VR IR X35 (5] 8d), #x
K TSIF4r#E it 0.41, 1fii ECMWF-Fine i % 1T 43
TERTIYIEAR, B X 7E 0.1 LUF, J5 VRIWA Ar
R, (HE KNI 0.15(F 8b. e) o A Ji I
A5 4> 47 F- 4 % ECMWEF-Fine 43 J#2 7 0.23 5
0.21, JUH AT AT 7R 48 7 S0V, LA e TR
JUARA VIR R, B TS PR 4R TH . TS W4
e 1) 3 2 T ROk R U 4 R A REAIC, 7R RS m A h
RIG R, R R A — @R K, (A5 6 R



22

26°N

Acta Meteorologica Sinica A% 4R  2021,79(1)

24

22

20

26°N

24

22

20

26°N

(©

24

o
a2

0.18
22

0.17

0.16

20

110 112 114 116 118°E

110 112 114 116 118°E

6 PRI o B /K A PR R ko i 25 B 5 1) o A 5 X 3 dal 43
(L g 4% IR F-HE X 85 18, Reg. A—C 43X 7 3 AN <7 4 (X I8, a—f. & 1H T 1—6)
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R AL 49N Y IR AT T AR M R AT 1
Table A1 49 physical parameters verification indexes and comprehensive evaluation scores

YFLEHET B R MR R MR R AT Sy
1 KA K= 9.13 880.0 2.25
2 KA H WA KB 9.13 856.2 221
3 925 hPa AHXHTE 7.98 774.4 1.74
4 K $5% 7.28 798.2 1.58
5 700 hPa FHXHRREE 7.67 734.0 1.58
6 EIE K $8%% 7.45 734.7 1.52
7 850 hPa XL 6.67 689.2 1.22
8 XA A RE 7.83 358.1 0.98
9 850 hPa fEAH {7 i 6.48 544.7 0.91
10 rP IR A Ry 8.00 257.1 0.85
11 925 hPa fiAH 4 {7 6.55 453.5 0.77
12 1000 hPa {EAR 407 i 6.50 409.2 0.68
13 700 hPa 3 T 7.42 209.3 0.60
14 500 hPa T EL# i 7.33 215.7 0.59
15 850 hPa i E i [ 7.06 174.5 0.44
16 850 hPa & & 6.83 144.6 0.32
17 AIEE 5.37 331.0 0.23
18 500 hPa i & 6.55 122.2 0.20
19 925 hPa 7KV iH AT 6.42 141.8 0.20

20 925 hPa i 6.28 138.2 0.16
21 850 hPa 7K 6.00 137.7 0.07
22 700 hPa 5 B 6.06 72.5 -0.02
23 AR HL 5.79 0.5 —0.22
24 850 hPa HUE 5.17 98.7 -0.23
25 850 hPa 7KV S HUE 5.09 92.0 -0.26
26 200—850 hPa ¥ 2% 4.99 87.4 -0.30
27 925 hPa /K{%iH it 5.17 34.0 -0.34
28 IR MR e 531 -18.4 —0.39
29 850 hPa i 438 105.1 —0.45
30 925—500 hPa {24/ ik 22 427 117.9 -0.46
31 2 km DL R IR 5.10 -37.3 -0.49
32 925 hPa fBAH 407 T 443 64.0 -0.50
33 925—700 hPa K175 4.62 -2.5 —0.56
34 850—500 hPa fSAH 417 i 2= 3.79 117.9 -0.59
35 850 hPa fEAH 4 (57 i 418 434 —0.61

36 AH IR PR AL 4.45 -5.3 —0.62
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&gk Al
VB HE T B 2 R MR AL i EPERR AL AR5
37 925—700 hPa fEAH 47 22 4.02 44.5 —0.65
38 850—500 hPa Jii fF 2% 4.12 21.1 -0.67
39 925—500 hPa X )75 432 —48.4 -0.73
40 300 hPa % 3.96 -11.1 -0.77
41 925—700 hPa JJE 2% 3.98 -27.7 -0.79
Iy 700 hPa HU%E 3.77 -17.8 -0.83
43 850—500 hPa X\ Y45 4.08 -89.3 -0.87
44 fIRZ B 3.47 -15.0 -0.91
45 925 hPa i 3.19 -83.8 ~1.11
46 700 hPa i 2.98 —62.8 -1.14
47 925—500 hPa JJE 2% 3.11 -123.1 -1.20
48 200 hPa HU%E 2.08 -211.1 -1.65

49 NIRRT 1.99 —228.0 -1.71




