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Weather Numerical Prediction System CMA-MESO, hereinafter referred to as the original models) and the precipitation observations from
regional automatic weather stations in Hunan Province, this study develops a novel verification metric named Cross-magnitude Weight
(CMW) on the basis of traditional precipitation verification methods. A short-term ensemble correction and forecasting model (STDA-
CMW) is designed, which incorporates time-lagging and spatial shifting techniques optimized by CMW, to achieve more effective hourly-
updated quantitative precipitation forecasts for the next 12 hours. The proposed model is compared with the three original models and
three sets of comparative experiments designed to validate the effectiveness of each module of STDA-CMW (namely, the scheme without
the spatial shifting module, the scheme without the heavy precipitation fusion module, and the scheme replacing CMW optimization with
the traditional TS score optimization), in order to examine the independent contributions of each module. The results are as follows.
(1) For general precipitation [0.1, 20) mm-h™', the STDA-CMW model achieves a TS score (0.325) superior to all original models and
comparative models. All three enhancement modules (spatial shifting module, CMW optimization module, and heavy precipitation fusion
module) make positive contributions, among which the CMW optimization module contributes the most, significantly outperforming the
traditional TS score optimization, while the contributions of the spatial shifting module and the heavy precipitation fusion module are
comparable. (2) For heavy precipitation (=20 mm-h™"), the STDA-CMW model outperforms the original models and comparative models
in terms of TS score (0.011), false alarm rate (0.971), mean absolute error (25.141 mm), and CMW (-0.004). All three modules make
positive contributions, but the forecast performance can surpass that of all original models only when the three modules are integrated
simultaneously. (3) The contributions of the three modules have distinct focuses. The spatial shifting module primarily improves the hit
rate of heavy precipitation; the heavy precipitation correction module enhances both the hit rate and reduces the false alarm rate; the CMW
optimization module mainly reduces the false alarm rate of heavy precipitation and makes a significantly greater contribution to the
magnitude of heavy precipitation than the other two modules. The three enhancement modules contribute differently to short-term
precipitation forecasting, and optimal heavy precipitation forecasts can only be achieved when the three modules are integrated
synergistically. The above findings provide a feasible pathway for short-term precipitation correction based on rapidly updated mesoscale
numerical models, demonstrating relative advantages in reducing false alarm rates and mean absolute error—key operational early warning
metrics.

Key words: time-Lag; space translation; Cross-Magnitude Weigh; rapid refresh numerical forecasting model; hourly precipitation

forecast; short term heavy precipitation
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GRAPES-RAFS X Z A 4E A Wb, it TS 34 B
BRI 2 T4 51, W35 42 & T GRAPES-RAFS
SRR AR AE 1. B TS PF43 I A TR 56
AR K FiLdR, H TS P45 AR XA [R1 G0 A B K g 4
G- AR, 17X I 2 R K R TR SR AN 2 Y

AR S HE TR PR BT R A A X R AR B )L 2
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M A T EAR G R RE R SBE TR RS (CMA-
MESO). H[E G Ry AR ek 3135 W) Ab B Pl &
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CMA-MESO £ 5 HR 3R BUAT 2 5% 3 Yk i, 2[R #4) Ak
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DX B (A AT AT X /N RUBE X B 7K R GE
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Fig. 1 Schematic diagram of time-lagged ensemble forecast member

construction



624 TR K E

% 45 %

ATV, R TRRD I — i 2 X0 IR BE A 52w, A
T TR T AT RBNES AT R ATE (K 2),
LB R K V5 X E— 2597 e 4 i A U AR B Tl
o FARSG BN, (1) XA TR IR TR B 51 T IE AR
IERS . IEPE . IEDRPOASJ7 1 45 4T 3 K 30 km AR
A, Azl 12 A LR RS KD 5 (2) XL R AV AL i 5
B INIEAZ 7 W 1) R, 72 A 36 N A AL K
By AT FIR AR FE M, R RS B AT YR R
49 N RBY (B RIG 1A R 24 EAENE
36 1M)o SEG W 5 77 2 ARASAY 22 B 23 ARG AL
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Fig. 2 Schematic diagram of the ensemble member expansion method

based on spatial displacement
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B B TR e DT T A [R) 9 A 2R B0 Ak
W R AEGITIEBIRSCEMEL N R, 5Nk
5 FNPEAR BEIK (0 8 bR A B T HERR % (PC)., - X4 %}
w25 (MAE) 1 TS 74345, AN EEAR AR H T8 /N [
KB G 56 BT A R ) X e ) ik B K R A AE —
AN L BB (A5 2046, 2023; A8 1T4E, 2025).

VA A 2R AR L Sz ity R /K R T R 7K 1 ¥
R B, {ELAS R AR B0 A /K 5 58 10 T 40 oA e R . P
7246 %o 1 2 i e WLty a5, S0 e 7K R T A K 1) 1R
22 KN, A A [ 3 B [ K A DA e I AE e AN I
oI 2 5 R K, 24 TG R K ORI 7N R K il ol 22 LR 22
IINEF SRR 4 466 0 1R 25, (A5 T da xR 22 2k &
X MR R B LR J7 o TS T4 B AR RN [ 9 50 By
IR FEHR AT, (ENT 85 B G B K B PEA R R 1, 31 4

K SEDL A 50 mm BB R GO K T AR FE K
o 49 mm, 7E TS WEor RGE T, KA T3, E Bk
R 7K B 2 X R 2EAR /DN, SEBR_E R K Y TR ROR ARG
e, JITLL TS ¥ 030%t T 5 i G K IE A BOR AR . o
LR 2007 401 4R 4 22 2800 — IR 54T
b RATR AL RE T TR, %50 BF PR A R K B 3
Oy (6 1) MR RK T — & % 18, HIZ T
TR INEAFAE U B R, AN IR R B, HL
X AN [7] 56 2 3 K S0 B iy AT 02— HE R o X T
K BRI 73, A MR AN [R) G50 15 7K 14 T3 2
SO T RE 0B [+ i 2 /K TR ) 4 20 A

x 1 2ESSITURSHHRKEZEEASKERZTIRMEK
ERTFHE
Table 1 Precipitation grading standards used in China's National Weather

Forecasting Contest

il SEL K SR
AEE gk N T KW RE ARME
TRk 1.0 00 00 00 00 0.0
NG} 00 10 06 00 00 0.0
TR 00 06 1.0 06 00 0.0
K 00 00 06 10 06 0.0
e 00 00 00 06 1.0 0.6
REWLLE 00 00 00 00 06 1.0

AR AL 1A 2015—2023 4TI g 3 s /N
T iR A (] DX ) B ) AR, 3 0] 43/ B R i 1Y)
GG o HEAS[R] /UM 3 R AR 5 5 R R AR 22 L B i
PR—FH R —AFIR AL, 2 B R,
/NI R iR Y A B AR A

HR A AN [5) DX TR] /NS R (R) H A UK 1) 2 2 03
s, JE/INIFFEK S5 G 3 TofEK (R < 0.1 mm-h ™), /s
W (0.1mmh'<s R<3mmh™"), FIli Gmm-h'< R<
10 mm-h™), KW (10 mm-h™'< R <20 mm-h™"), 5% %
K (20 mm-h'< R < 45 mm-h™") Al M58 [ K (R =
45 mm-h™") 6 P2,

TE XTI P /0N IF W 5 4R A7 26 W40 0 ) iy |, A
WAL e % X iR 25 | TS W fla E S
AT R I RE 0 B B3 K V43 45 Rk /K A 26 A D
7k B OL B AL, 255 75 TR R ERR 32 | R[] i g
IKAG A LA S 5t R B KA A3 AR, B — Rl
FHT/INE B A 8 DT 43 7 1%, BV 23 G 5 AN i e K
PF432: (Cross-Magnitude Weigh, CMW) (3£ 2).

CMW P73 145 0 i vay , AR [ /K T4 RO ik
U0 AT IERIAS [ R R K 25 AR : /I
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Table 2 The scores obtained under different hourly forecast precipitation magnitudes combined with observed precipitation using the hierarchical cross-level

weighted precipitation scoring method

LWL K (G) /mm
THRFEK(R) /mm
0<G<0.1 0.1<G<3 3<G<10 10<G<20 20<G

0<R<0.1 0 -0.2 -0.3 -0.5 -0.8

-0.2 I(R-G=3) 0.8 0.5 0
0.1<R<3

-0.3 0.8 1.5(-3<R-G<5) 1 0.5
3<R<10

-0.5 0.5 1 2(-5<R-G<10) 15
10<R<20

-0.8 0 0.5 15 4(G-R<10)

R=20

TE: 55550 —, IR AR SEAR A REK, <O S0 S TR K AR R R A RT3 2, Y SRR B S TR MK 2 A

ARIELRINT, ZEEAEQVE Y, 15205 TR R A SE DL R ) H 4 —

S RSN NN R = 5 3 71| T B U N U 5 o
245 457, BEK B GER, PR A E R .

HAM, Z T LR IR T W SR . S S
Tt A TC R KR — B0 24T 40 o, L 25
K, oy . BARIMS : Lo ICRE K B A oK
B, e 304 4 9 A0 4 (B /N R F0 0.2 43, T 1
0.3 43, KW F1 0.5 43, 5RFEIK AN 0.8 41); SLHLA FEIK
1T 790 412 JC B 7K s, $e 52 00 2 4 40 4y (S5 L /N [ 41
0.2 4y, "IN F0 0.3 43, KEF0 0.5 43, 58 FF 7K F11 0.8
41); LB TC R K I, AR5

ZOTIERE T MBI R %, 245K
5 TR M A AR g, HLSC DL R K G5 TR B K
R R 22 {58/ L Tl X 17 52 B i G 1) A R PE 43 254
B, A T4 AR R, e SO I e v o 4
AL GEPE e b R AR 43 il 520824 9 mm (H
), Fif A 10 mm (KW), P& 22{E <5 mm, 3 2+
WA FIVE A 450, AR R 4 1.5 43 #5550 5 7
M AR 5 ), (A 22 (AR L Nl 2 A RIPE S A,
AR A AR H 2, e 5 -4

XF T HEAI GBI (5 20) WO, 1% ITEER AR fL
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Table 3 Experimental design for comparing combinations of enhancement modules of the STDA-CMW model with a single model
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Table 4 TS for general and heavy precipitation forecasts under seven

schemes
— g ERREIK Rk
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E a1 n n
- EIL YRl WEAL S YIE i)
TSEFHE R/ % TSEFE 3%/%
FEL 0325 - 0.011 -
FE2 0322 0.9 0.006 83.0
FHE3 0323 0.6 0.005 120.0
F%4 0309 5.2 0.008 37.5
FES 0308 5.5 0.009 222
HE6  0.291 11.7 0.007 57.1
FET 0243 33.7 0.008 37.5
X 5gREK TS IR B 45 R &2, FE 11
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JE RIS ESITIEBM AR TR 131
POD Fl FAR % 5 — #5% 3X 5 <8 35 i 2 Fl 4 OF %
5—7) B FrREAG o X b AN [ Bst ) I 0 A 2 A
HITIER R OrE 1—4), K% 1 SRR, e
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(0.971), J5% 4 /A% POD %5 % 1 W4, {H FAR it
mT S L. % 2MI% 31 POD & fik, Hriy
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Fig. 7 POD and FAR of heavy precipitation forecasts for seven schemes
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Fig. 8 MAE and CMW of heavy precipitation forecasts for seven schemes
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Fig. 9 Comparison of the 1-6 h hourly precipitation forecasts of Hunan Province between (a;-a,) observations and (b;-b,) Scheme 1, (c,-c4;) Scheme 5, (d,-

dg) Scheme 6, and (e,-¢;) Scheme 7 initialized at 19:00 BT on July 27, 2024
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Table 5 The evaluation scores of 1-12 h hourly precipitation forecasts for
four schemes initialized at 19:00 BT on July 27, 2024

—JBEREIK R IR
(0.1~19.9 mm-h™) (=20 mm-h")
E X =2
TS TS POD FAR FNR MAE/mm
EA 0.648 0.081 0.028 0.845 0.854 18.772
UES 0.631 0.061 0.033 0.89 0.88 19.504
ES 0.595 0.07 0.035 0.878 0.859 21.118
VES) 0.52 0.001 0.003 0.986 0.999 27.169

Vs IRLACHR XN 46 TS bR B R 72

TR, FTI, 75 1 X 27 H R 28 H i R 5%
REE 7K T AR 55 A B8 B0 B AR LR .
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FRK TR 70T L, 75 3 DA 24518
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TAESG TS TP L i, 25 M V88 558 B /K il & 15
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(2) XF T 38 B 7K , STDA-CMW #5 %1 78 TS i 43
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