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Application experiment of multi-model QPF fusion method for
Zhejiang typhoon rainstorm
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Abstract: Taking Typhoon In-Fa (2106) and Chanthu (2114) as examples, this study investigates
whether the multi-model QPF ( quantitative precipitation forecast) fusion method can add values to the
predicted 6-h heavy precipitation (R =25 mm) of typhoon rainstorm in Zhejiang. The model forecasts
include precipitation and typhoon track from ECMWF ( European Centre for Medium-Range Weather
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Forecasts) typhoon track ensemble, CMA-MESO 3 km, CMA-MESO 10 km, CMA-SH9, and ZJWARMS
(Zhejiang WRF ADAS Real-time Modeling System ). The analysis results are listed as follows. (1) For
the two typhoon precipitation processes, all of the 4 regional models overestimate the rainstorm in
Zhejiang. In contrast, the multi-model QPF fusion method can effectively improve the ETS ( equitable
threat score) and reduce the false alarm ratio of rainstorm forecast. (2) Compared with the best model for
forecasting Typhoon In-Fa (2106), i.e., CMA-MESO 3 km, the multi-model QPF fusion method can
increase the POD ( probability of detection) of rainstorm and heavy rainstorm by 18.80% and 23.41%,
and increase the ETS of rainstorm and heavy rainstorm by 24.37% and 25.76% , respectively. Similarly,
compared with the best model for forecasting Typhoon Chanthu (2114), i.e., ZJWARMS, the new
method also improves the ETS of rainstorm and heavy rainstorm by 23.08% and 3.23%, respectively. And
both of the method’ s ETS and the POD are higher than the operational objective forecast of Zhejiang in
the two case studies. (3) Furthermore, when there are large differences in the typhoon track forecasts

between several regional models, the multi-model QPF fusion method can significantly increase the

accuracy of typhoon rainstorm forecast.

Keywords: typhoon rainstorm; probability matching; ensemble forecast; regional model
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Fig.1 Distribution of typhoon accumulated precipitation
(color scale, units: mm) in Zhejiang region and typhoon
track in solid line (the red solid line is the path
within the study period)
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Fig.3 Average deviation of reference tracks of different
optimization numbers for Typhoon In-Fa (2106)
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Fig.4 Verification of 6-h rainstorm forecast of Typhoon In-Fa (2106) using the QPF fusion method
under different optimization deviation thresholds of different regional models from

00:00 UTC 22 to 00:00 UTC 27 July 2021
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Table 2 Verification of multi-model 6-h precipitation forecast of typhoon rainstorm
BRGiS) ey B Rk 5% N Bias T¥43 ETS FAR POD MAR
CMA-MESO 3 km 1.730 0.119 0.766 0.266 0.734
CMA-MESO 10 km 0.868 0.111 0.714 0.260 0.740
CMA-SH9 2.026 0.105 0.780 0.256 0.744
B ZJWARMS 1.414 0.106 0.786 0.267 0.733
QPF g &HiAR 1.574 0.148 0.750 0.316 0.687
7J-OCF 0.571 0.107 0.656 0.214 0.786
HHFE (2106) 2021 4E7 H 22 H ; ECHR 0.665 0.133 0.664 0.253 0.747
00 Bf—27 H 12 B CMA-MESO 3 km 2.649 0.066 0.860 0.252 0.748
CMA-MESO 10 km 2.213 0.017 0.943 0.086 0.914
CMA-SH9 2.309 0.043 0.821 0.173 0.827
KRBT ZJWARMS 2.701 0.063 0.882 0.248 0.752
QPF & HiAR 2.004 0.083 0.855 0.311 0.689
7J-0OCF 0.534 0.063 0.782 0.124 0.876
ECHR 0.524 0.063 0.736 0.106 0.894
CMA-MESO 3 km 7.507 0.074 0.811 0.297 0.703
CMA-MESO 10 km 14.453 0.020 0.942 0.221 0.779
CMA-SH9 9.852 0.039 0.806 0.257 0.743
BT ZJWARMS 5.006 0.078 0.870 0.354 0.646
QPF El&HiA 5.629 0.096 0.808 0.336 0.664
7J-0CF 26.953 0.009 0.978 0.187 0.813
i (2114) 2021 4E9 H 12 H ECHR 29.599 0.006 0.981 0.058 0.942
00 if—14 H 00 i CMA-MESO 3 km 0.808 0.030 0.930 0.139 0.861
CMA-MESO 10 km 3.078 -0.010 1.000 0 1.000
CMA-SH9 2.220 0.005 0.984 0.105 0.895
KA ZJWARMS 1.477 0.031 0.941 0.258 0.742
QPF @& HiA 1.458 0.032 0.930 0.159 0.841
7J-0CF 0.413 -0.001 1.000 0 1.000
ECHR 2.044 -0.003 1.000 0 1.000

U - B X3 4 B X8 (26° ~ 320N, 117° ~ 123°E)

i o #8 (POD) (25 ik %8 (FAR) DL R s 4l %
(MAR) k&, Pk &5 K % W o #2 1 CMA-MESO
3 km ZJWARMS 145 1 F1 R 2 T AR A o S50 X 4
e, 15 4 SR DB CER A TR 54 o 1 23 TR A 4%,
IRl R K S R N, 25 F 238 R 452848 K, 4R
REJI TR, 454 Bias W3 a] IR, 2200 K2
Tt i v 328 LA RS, TR 31 1 08 0 Al K
SRR K TR AR R XU YK & XU I 1
Hh DX X R R A7 AE W il W 25 , 5 KU T
P AR DX AR X o XU I TR 2 A 11 [ A
ST LG R EAE” “ AR 520 R, CMA-MESO
3 km ZJWARMS KT X del 28 1 A TR 4 4 /K T
AR 855 A 9 5 DX B X — A, B 2 B K
SR, TR AR T AR
2.3 QPF B & ARk MERE T

JPEAL QPF il A B iR 4 175, % He 3k 2
B R XISAL N QPF Gl G&H AR 6 h BEAK SR A 55
FEAR AT A, QPF @l HORAEZR M R B HlR 9 ETS
DIk A b AT 4 R XA iR A

ANTFIRR B ) B 5 o AHA S MRAE 2 A 5 AR TR TR
AEJJ A5 ) CMA-MESO 3 km, QPF filt 5 AR A F2 /0
PR 2 W9 1941 i v 32 43 S0l 4 5 18.80% ,23.41%,
ETS 535415 24.37% \25.76% ; AHH T IR 3o 2
B X T TR AE ) Bk i ZIWARMS, QPF @il 45 4
AP TR AN R & R T4l ETS 2300l 88 /& 1 23.08%
3.23%, WM, R QPF Bl&H AR IG5 R
TR PR 2 BT 3 FE A FIR 2 E8UE
B GE i AL v —#F, QPF Filt G AR i B K 33
e 12 32 B 4% 5 X 3R = L s 041 o £ 119 24
WA, I QPF @G H AR IR EA —E G X
TN PHRIEEAER . B AR BN IR AR I H
T N [ = 3 NE T T 1 =l M 1 P e 7
JE AR QPF filt G B AR 1) R 2% W e o AH 4 X5
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Fig.5 Observation and model forecast of 6-h accumulated precipitation ( color scale, units; mm) from 0600

to 12:00 UTC 25 July and from 18:00 UTC 12 to 00:00 UTC 13 September 2021
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Table 3 ETS and FAR of model forecast of rainstorm and heavy rainstorm from 00:00 to 06.00 UTC 25 July 2021
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Fig.7 Comparison of 6-h accumulated precipitation forecasts ( color scale, units: mm) between regional models
with significantly different forecast tracks from 12:00 to 18.00 UTC 25 July 2021
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Table 4 The same as Table 3, but for the period from 12.00 to 18.00 UTC 25 July 2021
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Table 5 The same as Table 3, but for the period from 00:00 to 06:00 UTC 13 September 2021

K uh e b [ K g QPF gl & FiA CMA-MESO 3 km CMA-MESO 10 km CMA-SH9 ZJWARMS
1S 2 y5) 0.174 0.105 0.066 0.090 0.232
KM 0.016 0.026 -0.019 -0.008 0.105
FAR T 0.698 0.782 0.831 0.796 0.629
KEW 0.946 0.919 1.000 0.984 0.831
- Null” 7R LA B AN 7E
SEIN 7 TN PR AT P S T80 22, % TR 25 FROE PR IR 5 XL 2
3 Zigt5itig

FT ECMWF L5 HHR ARG & K2 R L
S CMA-MESO 3 km ,CMA-MESO 10 km ,CMA-SH9 |
ZIWARMS 25 4 FRIX L0 2021 AR 520 #7 VT 1X 5K
(B AU AR AL AR B A A K R AT TR, )
QPF Bl & BT 6 h JTFoKeE T 1 K55
W8, IR AT T QPF Bl HORTE IR & KU
WL DX IS B A X 8 R L DR 5% T 20 36 7K 1) TR A%
Ko BRI FEEHLUT

(1) X F WL XSRSz B X HRAE™ AR 3
TR T R ML K, 4% 501 55 DAY

T DX S T Y 2 e R, BT
CMA-MESO 3 km ZJWARMS 79 ik & Kt fip 2
TR B D A

(2) QPF gl AR T LUAT 8508 = Wi VL X 38 5 K
FRTN K2 T o R /K T 9 ETS 453 43 DL e Ay
B IFAE— PR L AR T TR A9 25 R 23, il VS
I LI =[] B 152 22 , 4 v W VL IX Sl 15 XU
REM W IRAE ST (HIE, QPF Rl G H AR & X2
T B 725 52 BT DX s o s Tl ot o

(3) BARABIPEAL 43 B 2 W, QPF fil & AR W]
DI A DX X T T, kb R 5 i, 1T IE



52 1

WRAS S T XIS KB 2K QPF Filfl & HoAR I TS 87

T T8 DX BRI L [ Ui o L, AT AE X s
K KRR THRAS [F] 155 DL T, A8 A5GHEA T 2% FR T 41
THZ

B B AR R —E AR . — T
T, AT 2021 AFHHT XA 5 K QPF fill &4 R
6 h W HHRABIHEAT T PPk M, A4 R 2 A —
FEMRHATE , £ BUE B QPF @il & HR 7 i e Wi IX
358 A T AT 114038 34 , 30 e 2 FH O 22 A1
AR BRI TR . 53— T, QPF @il HiA
15 R R 2 R 7K TR e 0 6 32 3 DX Sl = 4y i
5 i g B, TS R K T R ) 2> 2 B
I3 2R 1 5 ), SC R T SR ) DX s X 41 dn
CMA-MESO 10 km 7K 43 HE4m 1%, 47 J5 AR AR
S PR e 1 X A TR A A, DAE A7 b4t 5
WL I A KR R K TR AE )

S

(1] fHIZRE, Rl Wi vias B i 5 B M I XBFFE [ T].K
,2009,29(2) :81-83.

(2]  BfBifg, o % WRE L, 53R E & Kol 55 LR K 56
HHAR[T] RGP R ,2012,2(5) :36-43.

[3] EMR, 751949 E LIk E & KR I R AT
FEMEE S R[] 5K E ,2019,38(5) :526-540.

(4] VFBIcE, iK%, S ke 3R B & KR 55 9 R 2R
#[J].54,2010,36(7) :43-49.

(5] BREES AR, EE, 55 5 T 280 QPF fh g 1Y & X
2 T TR G AL FREORAE 5T Sy AT gR [ T]. R4, 2020,
46(10) ;1261-1271.

[6] BRBCAE,#H T, ABEE G XBMEXHREGRIT].
TS 524 4,2017,37(4) :1-7.

(7] L8, B 1959—2012 4F 3, AR i B K & KU S
B4 HT [ 1] .54 ,2016,42(10) :1230-1236.

(8] #4y,2RMR. LG TR 7 1AL 5 DG PR TR o 14 bz
[J]. R4 B RE ,2014,4(5) :6-20.

(9] Z2, 48, A R ICE L 5 A oK Bk
S ST )] .54 ,2015,41(6) :674-684.

[10] CLARK A J, GALLUS W A Jr, CHEN T C.

Contributions of mixed physics versus perturbed initial/

[11]

[12]

[13]

[14]

[15]

[17]

boundary  conditions to  ensemble-based
precipitation forecastskill[ J]. Mon Wea Rev, 2008, 136
(6) :2140-2156.

EBERT E E. Ability of a poor man’s ensemble to predict

lateral

the probability and distribution of precipitation[ J]. Mon
Wea Rev,2001,129(10) :2461-2480.

HAMILL T M, ENGLE E, MYRICK D, et al. The U.S.
national blend of models for statisticalpostprocessing of
probability of precipitation and deterministic precipitation
amount[ J ]. Mon Wea Rev,2017,145(9) :3441-3463.
SCHWARTZ C S, ROMINE G S, SMITH K R, et al.
Characterizing and optimizing precipitation forecasts from
initialized by a

a convection-permitting  ensemble

mesoscale ensemble Kalman filter[ J]. Wea Forecasting,
2014,29(6) :1295-1318.

JELH, R, MR-, S5 2 TR TOUAT — L M 4 D i
ITIETELE ) G R ATFE L) ) B, T 3%, 2015, 34
(2):97-104.

LIUJ Q, LI Z L, WANG Q Q. Quantitative precipitation
forecasting using an improved probability-matching
method and its application to a typhoon event [ J].
Atmosphere ,2021,12(10) ; 1346.

FANG X Q, KUO Y H. Improving ensemble-based
topography-
enhanced typhoon heavy rainfall over Taiwan with a

Mon Wea

quantitative  precipitation  forecasts  for
modified probability-matching technique [ J].
Rev,2013,141(11) :3908-3932.

RIS, 28 ol AT, S5 T 1 15 XA A T4 A
GULIETT IE BRI KO IS [ T]. 04, 2016, 42
(12) :1465-1475.

B¥e B/NTY R AF ECMWE A5 s [ K TR 45 B
IR G NIRRT )] %R ,2019,45(10)
1382-1391.

FHEP AR, VEBU I, SF B XU HEAET B 32 B R
AT R0 M [0 ] W G2 A 4, 2022, 42(1)
83-91.

I 2AG R A, XIK. 2021 4E 74 L K- AR i 5 K
TH SR T ] AR A4, 2022,42(1) :39-49.

Bea i, R, R AL, . B KU AR AR 5 TR A SE )
ITIEFORWIFELT ] i L5241, 2014,30(5) :905-910.



