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Tab. 1 Basic information of the numerical prediction products

Hdlgrbue Bl 1 e B2 (B Tz /hPa) SPER RGEH BUREHC/d EEREI(UTC)
WU PR A R P (ECM W) 4D-Var 137 (0.01) TL1279  50+1 15/1 00/12
HAS LR (IMA) 4D-Var 100 (0.1) TL959 50+1 10/1 00/12
BEE A RH(KMA) 4D-Var 70 (0.1) N512 24+1 10/1 00/12
KA J(NCEP) GSI 64 (2.73) TL1534  20+1 16/1 00/06/12/18
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Fig. 3 Monthly variation of forecast verification indexes of each model
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KET. R LA b 3 R K SRR TR SR8, e TS PEAM AN T1% 5 2% 0% B X e e TR 28 i (R A
R DL A PR R LR ECMWE A0 o B 1l Pl [m] SRS = Fot i 44 7 6T L g 2R, VA8 43 4R B
I A L AR AR L PR SR B, (PR W RO T8 G TR SR L T R 25 g Ui A, 3B
Z A TR e A RIS e R /K T A e e

R K MG RE TR A IR FEFR AR 2 B, M MAE 1 RMSE X PN Z 8RR ] LIE 1, NCEP, ECMWF,
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IMA FI KMA 33X 4 Ff 52 0 57 249 400 158 2 1 O MR 15 22 (9 AR FE S 614331 8 3.9~4.3 mm., 8.6~9.0 mm, i}
3 P B TR 7 ik ) ST B8 4 o 1R 2 A KRR 25 () AR AR L 43 3 3.6~3.7 mm, 8.0~8.3 mm, BRI XS F
BT IR 2540 T REAR . DN AS FII NS BIZSKE FEFE AR T LI HH, 4 Fh ST G AS TP R 241
(A2 A3 BB 530 R 0.81~0.83 ., 0.49~0.55, T 3 FPAR L TIHR Y AS PF23 R Z 8501 28 A6 Rl 43701 0.84~
0.86. 0.60~0.61, 7% BH & /K £ il T 4 BE S AT R0 =i H B /K i B ad R TR ARG 52 o X b 4 A=A 3 FE i
TR /N AR | /N5 2% R R 2538 ] &I, 7 Fh oy 9 R 1 e T /N3, T A i 25 1911
Fm/INR2E, ULEHIX 4 FREECR 3 PP i vE BRI R SIS o8 22, (B /MR 3 5 Ry 2, AT ol 6, 4R AR
TR 0 K /MR 22 TR G E TE T 4 PP s (%) 4 A 22, VA5 il 48 A 7 VR BB N — i R I AR A
BRI AR 15822, B8 = B /K SRS B2, H Pl FAR B IR AR B % TR R 3R/ D | TR B T o, PRI AN BB A ol
e YN UNET S

®2 EHIRSEATR QIR

Tab. 2 Verification index statistics of integrated forecast and conventional forecast products

PRI [EIEE Y Nash#E i, TSER NECP ECMWF IMA KMA
MAE/mm 3.71 3.67 3.66 4.30 3.91 3.79 3.96
RMSE/mm 8.08 8.19 8.24 9.03 8.69 8.89 8.92
Si 0.49 0.27 0.27 0.24 0.27 0.36 0.34
Xy/mm -3.89 -7.59 ~7.50 -7.60 -7.12 -6.98 -7.37
Se 0.51 0.66 0.65 0.64 0.58 0.51 0.54
Xy/mm 3.53 2.52 2.51 3.86 3.41 2.53 2.78
AS 0.84 0.84 0.86 0.81 0.83 0.83 0.82
NSE 0.61 0.60 0.61 0.52 0.55 0.53 0.49

XFHE 3 AR IR TR ) MAE Fil RMSE 152229865, TS 82100124 26 %152 2 fe /)N, T [ 88 15 vk i 14 05
MR ZE /) RN AS FI NS PIRAG BESR ARk, TS 4RI AS PFI3IKF] 0.86, ZR A KMk 0.61, 3
W1 TS ORIl Y4 PR 75 05 B B AR BB o 25 B30 3 AR UNA R A UK TS PFr 45 R nT
0, UL 3 AR 7 i A T R K S R , TR S M- TS FEpi> Bl £ Jl>Nash H il

4 % i

DL A BF 5T X 42, X TIGGE #(d& .0 A9 ECMWE, NCEP, JIMA il KMA #%5{ 2014—2017 4£ H
R K R A AT TORS BRI, SR Z RPN T A5 53 50l IS K o3 G T4 a7 o AT Ao e T 55 ) B 2
Bt T BRI R S 3l R IE R A IR AR AR . TS ZE LR Nash RECEE BLAF 3 Fh okt
Z B T T R KSR BT, ZE UL IR b, S T A [RIEE B 2 X6 e ¢ 3 AR SR 38 SR R i, (]SS B
T AR K TR AN T 2B A PR K AR TR ARG . 4 SR .

(1) TIGGE %A ) 4 FRsEXO6S T0 RN AN RR A9 TR RCR B4, TS PE4r¥ 8T 0.45, 1% 5 5 &% LA
R BERECR 52, HoP i it ECMWFE (1 TS PR 0.27; X H45 MR 45 i 9 e /K )
TARZE, FE4T 25 mm DL 5 9 A R K TR i, IMA B =X A8, 1 6 T 25 mm PL b &8 20 R K 1Y T 4R
ECMWF iR B4

(2) X F H FEAK & T4, NCEP #1006 H /K 2 i R e 22, 11 ECMWEF 806 H FK & 1 Fitdi
W5 SRR o, AT 7, 3X 4 ARSI Bl RIS 5 22, 0 fi /I B2 08 R 7™ . X T H /K R A T4
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KMA B ROR R ECH 0.49, 1 HAD 3 FPA =8 KA E T 0.52, Hh ECMWE 93503 R AUR &,
ik 0.55, B ECMWF 0 2014—2017 4F- 4 3t /K RS Y H R7K sk R 04 S0 AF X6 B R E R o

(3) S JTTUAT T8RP T 40 15 25 I B8 e AR K Gl AR TR AT A8 AR, AR S Y 3 AR i ik, TR
R R TS B> A S >Nash £, TS BB A XA R 943 FE AL, S b T+ T e i bk
A TR SR

& £ X W
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Verification and integration of TIGGE multimode

precipitation forecast products

SHU Zhangkang"*?, WANG Lin">?, JIN Junliang"*?, WANG Guoqing"*?, CAO Minxiong"*?

(1. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Nanjing Hydraulic Research Institute, Nanjing
210029, China; 2. Yangtze River Protection and Green Development Research Institute, Nanjing 210098, China; 3. Research Center
for Climate Change of Ministry of Water Resources, Nanjing 210029, China)

Abstract: Verification and integration of numerical weather prediction (NWP) products is an important step in the
application and development of numerical prediction. Based on the NCEP, ECMWF, JMA and KMA NWP models
from TIGGE center, the basin of Chitan Reservoir in Fujian province was selected as the research object, the
multimodal precipitation forecast products were evaluated from the aspects of precipitation classification forecast,
precipitation level and process forecast comprehensively. Meanwhile, three methods of regression integration, TS
integration and Nash coefficient integration were used to integrate multimodal precipitation forecast products, and the
influence of different integration methods on the final precipitation forecast effect was discussed. The results show that
the four products had good prediction effect for both no rain and light rain events. In the precipitation forecast of
different magnitudes, the JIMA model was the best for the precipitation forecast of the magnitude less than 25 mm, but
the prediction of ECMWF for precipitation over 25 mm was better. For the daily precipitation forecast, the NCEP
model had a poor performance, while the ECMWF model was the most accurate. For the precipitation process forecast,
the prediction performance of KMA was obviously worse than the other three models. The integrated forecast had a
good effect on reducing the prediction error and improving the precipitation process forecast, among which the TS
integrated method weighted by different magnitudes had the best forecast effect, and had better improved the prediction
effect of high level precipitation events.

Key words: numerical weather prediction; TIGGE; comprehensive evaluation; multimodal integration
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