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Short-term quantitative precipitation forecast based on optimization fusion technology of
multi-model forecasts
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Abstract: Accurate short-term precipitation forecasts are an important basis for improving the capacities for the forecasting of urban
rainstorms, urban floods, and small and medium-sized river floods, and disaster risk prevention and control. In order to improve the
accuracy of short-term quantitative precipitation forecasts ( QPF) , a short-term (0-12h) QPF model based on the optimization fusion
method of multi-model forecasts is developed. The developed model system mainly includes four modules: a single model-based
quantile mapping correction module, a real-time optimization module based on model forecasts correction, a real-time fusion module of
optimized forecasts and quantile mapping correction module of fused forecasts. By taking the Henan Province as a test region, the
developed model is applied and tested for the short-term quantitative precipitation forecasting. The results show that the developed
model performs well, and the distribution and intensity of the precipitation forecasts using the new approach are much closer to the
observations than the traditional methods; the developed model forecast is able to forecast the precipitation intensity and its cover area
of the “7 + 20" rainstorm in Zhengzhou for 6 hours in advance; the forecasting accuracy of the developed model is much higher than the
other traditional models through the intercomparing of rainfall predictions from January to September, 2021, and the forecasting
accuracy increases gradually as the forecasting lead-time approaches the rainfall event.

Key words: short-term quantitative precipitation forecasting; multi-model forecasts; forecasts optimization; optimization fusion; Henan
Province

WK — M B R R LG WU N G N2t 5 gl R M E B R K 2 /K K B S
KSR ) ZLARBE S T A R E AL S AT R R E IR TR T R AR R e S @ T
0 ~ 30 d JCA% B A0 AL RE PO A% B /K IR B AR Z | 25 (8] 43 BHARIA 2 5 kxS km 2700 75 B B 100 A% B K
PRAREE AR rr S ST 1 30 - S0 A SO A A5 PR A v — L BR ) R M S 2 K T BE ) B2 T 119 32 2R
21 SR IR S I R A i R 20 P R K TR SR T SR T O X B R 0 DR i S

ESWA. BFELAPILITRI(2018YFC1508102, 2017 YFC1502000) ; 1 ES 4 RS 40l 455 AR & L 17 ( YBGIXM (2020)3A-02) ; 1 E S,
Z IR & R I (CXFZ20212009) 5 EIS H AR BRF 342 (41775111 ,41875131)

TEEEN . BH(1984—) , B, S TR, i+, F 2N FFEEK RIS . E-mail : caoyong@ cma. gov. cn

BEMEE. KEME(1977—) B IR R ESH TR, 4, FEMNFREERRSUIF . E-mail: zhanghengde@ cma. gov. cn

SIRAARST . WH RIEME, F A, 5. T 2R HHR O AL S BRI K SR [ 1], V2R (A SRR ,2022,50(5) :10-15.
CAO Yong,ZHANG Hengde, GUO Yungian, et al. Short-term quantitative precipitation forecast based on optimization fusion technology of
multi-model forecasts[ J]. Journal of Hohai University ( Natural Sciences) ,2022,50(5) :10-15.



555 14 BB, % ST 2RI L S B AR 14 56 I K B 11

2021 4F 7 H 20 HARMIHR BURFR 2T, 2258 R B, H K i K 1 h [ B B F T RS JH A0 5 O ool s v LAk
P SBAC 7, I 7 B G ] DR i DX/ P o 3 S AL, S 80 T AR R R E R ARG R K R B
TEAEALRE S 2 h Ze A RS METITR , XA T AT 1) 07 2 M I B 1) 5 SR AT AT B 22, PRI, Al S 5 k1
SR 2 /K PR A TUALIYT, JE R TE O ~ 12 h 32/ )N i P 7K BARORS Y JEE , X 1 T3k i 2 9 46 0 B0 40 5 RO
DA RERE DI D S [ S

FFE RIS BB BERR ] O ~ 12 h S i K TS 2 $ T 1) T2 22 R 3R TS B0 A7 B A i i K 73
RN 2 B PR P8 S T o, T 28 P, A BR BB R PR AR 3R AL T4 X spin-up” Bir B, #825X[%
K TR B o AN 1T 2 b i, AR, DX RUBE B R A A U T e & e, B i 4 T
TR /N RS R G B R K TR BE 1 1, v U5 R 2006 ARl 55 A6 Xt b ROBERRE, JF-7E 2019
ARSI A3 18] 3 kmx3 km I8 35 42 EVE IR, AR THREK O ~ 12 h e i FLAR E (S #1020 ol 55 St
R B, DXl IORE B AT 14 R A M IR A ke B Y 32 (B AR 3l g 8 Y g s f e Ay B 2
SRALPITT IR, A 5 T BRI I R Gk i 22 . e SR AU IS SRS 5 U Ak B AR il /D 2 22
FE TR, Zhu % AR ICRC T 2 K SR T VT IE , R T 1E S R Rk K o DX T AL 41 A 22 1 3 Dok
JIN R FE MO B AR SCPRR O0 , (HA YO [ K A, AN TR X L B 00T T A f) 1 R R BN —
B, HARG IR AR BEE AR HBETTIEBL N R GV 22 0 T 0 ~ 12 h S R o 5t g /K X LA AT B8 AEL ) 1
fRPERE

2 b AR SCE AR T B MU AR M55 50K, 6 T 2 IR RS AU IR, T Jie 22 SO s 41l 3 52
Deide , TEAC P RERY b T e i e U0 ARl &, A4 /NI 1) SIS B /K R I PRS2 | I LA 2021 4R g X Jsf e 24
iR 28 7Kt A g (91 A T 6 M, R A S 114 3 /I o TR A TR o A3 T 5 e R iR 7K O ~ 12 h KGR AL TR
HER R BB THCR

1 =B #E

1.1 HEESEEY

Ref 7K B PR AR Y 2 B2y 4 ASBARBIEAG B . OB E A B T IE B AR iy T RUE R A A
RGE R TR 25 , PR 3 R R R AR T 1 B R AR B K Tl i) R et i 22 . QBT T IE TR %
TSI LB AR, B ARG e 23 1] FH o B K Ak 0 245 SRR A 2T T T Tk A 7 S i 4G 99 DA FERG:
B VPAS SRl b AT SRR B B P | Bk H TR 45 R e i Y R R K A B A O T IE Tl 5t . il
B SEET RS F AR AL R A b 00—k B R BT 2 SR A AR R BT 2 IR T IR
WREE R A, @A TR E O BT IERE o FACE Rl & 25 8 — & B ES T Bk Tl die , [5] B
BN T 55 R R R BT T I ARG Bl TR G SR AT A L, T bR A TR 5 R 22 , e
A R K S B TR 25 R
1.2 BEXFOCMEHTERAR

H B ITIE R A& — PR BT IEROR | PR AE 2R 4o I 22 5 80U KB T K
1) SRE 3 A3 A PR B 5 SE B R K Y SRR 53 A BRI 25 57, 435 WS R R 32 8 3 2 S B 2 3R e 1 A
ZWITIE, B RARY

x, = F'(F,(x,)) (1)

K ow, WK BHRITIESRAE ; «, AEUEREE K IR ; F, (x,, ) B R 1) R R 1
PRE FN(F, () ) SO R KA I (%) SRRRARE 38 53 7 05 bR AR

(1) AT LA R K T T IE . 25 RS R K T4 9 15 2 Bl 2 210 DL S T i s o 22
S8 T ORIETT IE AR ANl ZE AR AR v | 2 S X 1 4 UGS i A T S48 388 43 N DI i S
PRI Y ZRB0H R FH e s A 2 101 ) 5 s BT 3 a AR R K TR R 6T 107 8 S 050 R 7 Ak ), S8 S e el o
IR IHRARAY | S I AR AR TR A TT IE
1.3 TR R LSRR ERE A

I A Ao WS B AR S TR SRR/ K PR A9 5T 1E , (R AR R B K 72 T, A Rk 3 T I 73
AGEEIEATRE , EM LS 45 5o Rl ARG EE Pl ulg 53 SE IO S B ARAR B 7 22 PR AR (AR =TT I i



12 WK E el (AR RS R ) 55 50 &

Bk FHRORS B A o A R K AR A T 5 A R Al A He AR AR B AR RUbR R AR 5% AR U, 4% 5% RH B 2 3l it
Dt 2 A 1) d A I8 A AR X AEDR BE S e AT T2 ) AR R, A o2 (R 1 ARER 2 AN W) 1, -1 A28 2 A4 ) i
JT7 ), ARBEARMEA T -1 F1 1 2Z ],

ARZAL R R s R 18 2 A ) i 2 B A 7 1) —BOHE | N5 RN B 26 X K BE A R/ X B R K i
T IE S A SRR AL I | A 52 ABRUE N 38 1 79 25 Bk Tt ol 45 AR U RR FE . | TREK T IE 7 | 4
{7 B EER o O SE B T 9 EETT IE , AR 5% A ALL{EL BB 80 A b 3% 36 3 485 X 3 7K T 41 3 R0 S A I 355 19 A RURR B2
TEARIAR o il 22 PR A 1T T K 0 5 e SEOO AT I 22 (8] (8 A sXARBLRE o Sd sk BE T 4eik , A 3 ik
B4 ZBUER AT IE R 2 5 5 W ARG HR | R K T R 5 i s .

1.4 THRAREREEA

Fa BT AR AU A B Rl A B AR, AR B B U DA 18 ) BB 5 T 1 T T 8 S i il -, A Pl 52

AR 5% AR ME A T AR HEAL TR AR

x = iwi x; (2)
=1
Hofn wl =
ij

xR A S IR ] AR A AT ;o AR T TETURAE 5 0, 0 R AR SZARRUE T3 10 R
PREAALEE ;n N2 5 RS OB KT IE B (A
1.5 RMEWKE S CAREHTERA

F TR AR rh R R FHER PEACE Rl 07 5, 2 S BT o /I i 53 T4 583 /I i o, =5 B8 D PR O il 5
J R K BB R A1 PR AT AT IE TR 70 A A 225 . 0 1 I BRI PR R Gefi 22, R 1 11 0 (o Wi 4
ARPEATRZE T IE , HFBCE i AN R8s o Bl G FK R AR 1 4 A ST IE U, AU ILEERY 4 4
BB K U S A SR BR300 pR e IR & K B B i 23T I

2 BEEABIHHRLKE

2.1 HFRRXiE

YRR g 448V AR B TIE AR 9T X 88, T L 110°E ~ 117°E 31°N ~37°N, Ti[ 545 Hb IS VT HETT |
O] VUK, MR A R R AR P, AP S AR, G P RS T e RAT L AR AR L A L
KNI SR BRI A0 s rh ARER A B o AR 5L s 8 p S R P A, S 40 DX sl s T IR, T 0 5
AT, JE AU B Te] R ety 2k Y %) A ki 1k 2 IRV, RIS S LA R 1) P D ) e g L b <o 38 ) o
fiE, HAT DUZE5T B AR B 2 AR RV R K E M B R A AR B K 5298 852 mm, EEAETI 6—8 .
2.2 WAREIE

it FH B4 8000 = A A5 8 I TR ARSI 100 R /A I T 8 43, I 7K 4 500 1 4 Bk AR 2 A0 45 v [ R 4 S A
%R A TR O AR | 36 R R R R R E [ R R AT 4 R KA a4 h B R
SR R LT R R RER ) ARE R R DL bt i g m i REERE, B
R K I A 3 R G AR 7 58, A PR 28 RUBESE— 19328 /INEE 5 kmxS km 43385 36 h T i+ 510 B 7K
P SEOLURRKAR IR A B R ARG 8 O B AR B2/ NS B R A I = i, 25 A1 43 HE %A S kmxS km,
2.3 TRIRMIE

XF 2021 AF 1—9 F 1] e b X ) BSC(EABE X i s it BSCMEASE T T 04 DA R 2o 485 o S s 0 e K il 5 ot i it
T TORAERA AT, RTINS (0 ~ 12 h) 388 /INIF B K TR, HERA 3R 1120 b S G TR 55 Y
TS P43, XFF 1 mm/h BRI BOUEAR 2T I PR 4 B 0A TR A A T 3Tt (BT R I i 5 A58
A K A AR EA T T 1 T4 B J5 4R T 24 42 TH B B, - 3 4R TRk 31 10% (B 1 (a) ), X F
5 mm/hiEE ORI BT T IE PR R A TR VA R AT IH R T, £E e Rl b 2245 A ok K il 7
AR BAAE BT IE Tl S 5 b Bl A B w42 7 P33R IR 15% (K 1(b) ) o, BRI 5, 2 I
T AR B Rl TR 7 it 5 o AR 2% B (W SR K BRCSRBAE K ) 1328/ NI 3 K T M A 30 o AT A s X



%5 BB, % ST 2RI L S B AR 14 56 I K B 13

VTIE TR A AR TR

- E AR R B (A TR ) - G SRR (R AR TR )
P ESLRTRERR GTIEDER) - O 2Rk GTIERER)

0.40 £ orHE R K 1 R A TR
035 0.25
0.20
§§°'3° S ois
o 025 Z 0.10
0.20 0.05
0.15 0

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
TR A /h SE g
(a) BEFEK (1 mmh) (b) BRFEK (5mm/h)

E1 2021 519 ASKRKXEUmEY 0 ~ 12 h B/ FEK TR & R3S LE

Fig.1 Results comparison of multi-model forecasts of 0-12 h hourly precipitation from January to September,2021
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Fig.2 Comparison of ECMWF forecasts and multi-model optimization fusion forecasts

during the maximum rainfall period in the study area on July 20th
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during the maximum rainfall period in the study area on April 23th
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