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Abstract The Extreme Forecast Index (EFI) is an indication of potential extreme weather event based on measurement of the
differences between the ensemble prediction and the model climate. By using 24 h total precipitation EFI product from the ECMWF
ensemble prediction system, an objective method of EFI threshold is developed to predict extreme precipitation events in Fujian
province caused by tropical cyclones (TCs). For individual national synoptic weather station, its daily TC rainfall observation
exceeding the 95th percentile of its climatological ones from 1961 to 2017, used as the extreme threshold, is defined as TC extreme
precipitation event. The EFI threshold at each lead time up to 5 d for TC extreme precipitation at every station is defined by a
minimum threshold method, which takes the minimum value as the threshold after removing the anomalous values (outliers and
negative values of EFI forecast in this study) from the EFI box plot drawn with the EFI forecasts when the TC extreme precipitation
events occurred during the period from August 2015 to December 2018. Experiments have been done by applying the EFI thresholds
to reforecast and forecast TC extreme precipitation events in Fujian province from August 2015 to December 2017 and in 2018,
respectively, and the performances are evaluated based on the threat score (TS), false alarm ratio and miss rate. The results are as
follows. The TC extreme precipitation threshold gradually reduces from coastal areas to inland areas in the northwest of
Fujian province. The coastal areas in north central Fujian province have the largest threshold (greater than 100 mm) while the inland
area in the northwest of Fujian province has the smallest threshold (less than 50 mm). Daily precipitation caused by TCs, especially

extreme precipitation, has significant positive correlation with 24 h precipitation EFI. The box difference indexes of EFI also show
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great capability to distinguish TC extreme and non-extreme precipitation events. TS for the forecast experiments are 0.26, 0.22, 0.20
and 0.19 with lead times of 12—36, 36—60, 60—84 and 84—108 h initialized at 20:00 BT. Forecast experiments have better forecast
skills than reforecast experiments in general, and TC cases with significant extreme precipitation tend to have better forecast results.
The disadvantages of both experiments are high false alarm rates which are more likely to occur in TC cases with no extreme
precipitation. In summary, precipitation EFI is a good indicator to forecast TC extreme precipitation. This objective forecast method
based on precipitation EFI provides a reference for TC extreme precipitation forecast.
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(a) Schematic diagram of minimum threshold method, and (b) typhoon extreme precipitation EFI threshold at

forecast lead time of 12—36 h initialized at 20: 00 BT (Red dots and inverted triangles indicate stations with

no extreme precipitation and no valid EFI values, respectively)
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initialized at 20: 00 BT , and spatial distributions of correlation between typhoon daily precipitation and EFI
at forecast lead times of (b) 12—36 h and (c) 36—60 h
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(a) Mean 24 h precipitation EFIs of typhoon extreme (solid line) and non-extreme (dashed line) precipitation, and the

23 AT RO = I FoR A I A KRR K o 20

typhoon extreme precipitation frequency (bars) , (b) I,y at different stations and lead times, and spatial distributions of

typhoon (¢) extreme and (d) non-extreme precipitation at forecast lead time of 12—36 h initialized at 20: 00 BT

(Black inverted triangles represent the stations without typhoon extreme precipitation)

421



422

Fi B 25001 2 R 25 S 8 B 1, (] 6b) BT L, 453
Loy W3 AT R AE 5 & KUK o B 7K EFT 339{E + 43 A0 I,
) PG g (e ) B R b (72 ) o v g bl X (R
HRTHE D) 0 L8R GBI 1) o B & B 3UE K
Tog U/, UL BFT X 43 5 RURK 31t B K 5 A it
WK B BE 77 Bl IS RECHE 1T 32 8 R . f T 2015—
2017 4F i) g b X HR B 65 IXUARE B 36 7K ) o (U ) 08K
/b, BRI 32 DX £ XU 3 [ 7K EFT{E 25 1R K, i
B AU i B 7K 55 3E A St B 7K EFT 35 {8 1 B4 AS
T, B IG . BLAh, & 6b f R [ T
DA S5l il m VA AR Lo (8, FETR RT3l g%
A B E KK St R K, T N M X ) 59124(
35) . 59125 A1) H1 59126 (M) ; @ H B & KUK
st 5 K {H 2 A R 1Y EFT 34 R B (8, 6] 1 59320(37
) F 58929 (42 ) 43 A H B 1 IR AN 3 WK & KU i
R K, L J2 B0 4R B 2003 0 A EFT 38 B, 16
B HE 5 XU 3 5 7K I B BT 88 AN ELAC 36 v (VR %K

/) HEARTFA EFI A X ; QEFI £ slde . Ml 6¢.,

d mJ 50, & XU S % 7K EFT 448 /4 25 18] 5 A R 5
AHOC ZRE (18] 5b) —F, 1M ELER 1 P4 i b DX o 35 i
M B, AR X A s A K A R A o [ K
EFI ${H Y 22 5 E % 035 (8] 6¢ Hh 2B A0 8] = f B 3
TN B £ IXURK i 3 7K Y 3 ) o

DLy Bl R W, BEK BFT 5 32 br Sk i
3 U K R B KU i R 7K S A S5 G (AR G, HLAE —
SE T B 2 N R K BFT X & KA s B 7K 55 3 1% it
ek BA BRI XA RE T .
4 [RT R R R X AG B

I FH BRLG F5 XUA it B2 7K EFT B{EL, X 17 50 % fili
B R A 0 6 XURE AT ] 4 A B e, O R
TS 25 4 3 F G 2 8 %8 171 i 0 99 41 205 2R A7 4G 35
HRAXWT

TS: TS = Na/(Na+ Ng+Ne) (5)

Acta Meteorologica Sinica K%  2021,79(3)

ZFHHE: FAR = N/ (Na + Np) x 100% (6)
TEHZE: MR = No/ (N, + No) x 100% (7)

o, Ny R R I A () B (SEIL A 5 KU i e
IKFF T IE®G ), Ny Ry 2 sk (0O B (FLi A 5 KAk
Ui R K AAR S TE ), Ne R il () £ (T4 6 &5 K
e S R AR AR SE AT ) o
4.1 [ERGERMEE

5 WU B 36 7K ] 4 B B 2015 4F 8 H—2017
12 o DOIZ B sl s B 1 KUK st o 7K I
B 7a) 0T 0L, 1B B 5 KU St 4 7K 8 B2 % AR e L
5 i DX, P M S 3 sl A5 R B KR g R K
08 F1 20 At 52 A [+ 1 % i 2 1149 45 XU 3 g 7k 941
WAL G R AN 1 iR, Bk L, 08 Fil 20 B 2 2 (14 7
R TS AHZE A K, HBLE 0.1—0.2; I 3T 1 2% 741 ) T
R A X B AIK (24—48 F1 12—36 h I #2551 K
15.8% F1 17.4%) , {H Fifi 5 B R0 4E 4 T 2 % 0 dd 1%
K, 96—120 i1 84—108 h IR R/ 53k F) 47.7%
1 48.6%; 25 R 58 i, A P4 i 2R A 2L 80%
M 20 B A 42 12—36 h T 42 A6 56 25 S 19 25 18] 43 A
(E 7b—d) AT L, b 35 35 ¥ A0 ) PG R H DX 104 %2
TR by, H TS MR R, FLIR R OR 28 ORI,
1T P i b DX PG T O 1 0 A 2 R e v, TR AR
b A 00 58] 1 DXV V9% O 3 R 25 R R R

Xif 5 R i [ K 2 TR 4G 56 45 SR B4 43 i %
B, S0 PR XU S [ I 3 o5 ik 22 L3 A g o
1) & KA, He TS B, T 2 558 A2 i 30t IR,
25 M G B A S £ IR i A K sl e A b
By 0 i B K 5 KA1 v, 156 B 5 IXURE 3 e 7K
EFT (3 (A 7T DA G- b 40 2 210 55 58k 19 5 JXUAR ity ok /K 5
T, AN Z A R K AT 55 1 & RS R .
4.2 TIMERFAKE

2018 4725 il sl s i s g 5 AL 7 A4S, 430k 6
KL e (1804) . “HF " (1808) , 1Ly it
(1809) ., “=m=#7(1812), “D 5" (1816) ., “ Il

F£ 1 20154E 8 A—2017 4E 12 A £ KU 35 [ 7K 0] H A% 3

Table 1  Verification of typhoon extreme precipitation reforecasts from August 2015 to December 2017
. 08HT i F N 20HT 4R
TR A% - - - BUEFLN e ; - ;
TSIF4> IR (%) ZHRE(%) TSPFS> TR (%) ZHE(%)
24—A48 h 0.17 15.8 82.5 12—36 h 0.16 17.4 83.0
48—72h 0.16 29.3 83.1 36—60 h 0.18 24.5 81.0
72—96 h 0.16 39.0 82.7 60—84 h 0.16 36.0 82.4
96—120 h 0.12 47.7 86.7 84—108 h 0.14 48.6 83.4
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(a) Typhoon extreme precipitation frequency from August 2015 to December 2017 , spatial distributions of (b) TS,

(c¢) missing rate and (d) false alarm rate at forecast lead time of 12—36 h initialized at 20: 00 BT
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Table 2 Verification of typhoon extreme precipitation forecasts in 2018
O8I 24 204
TR L TRk ;
TS TRR(%) ZEHRA(%) TS IR (%) ZHRHE(%)
24—48 h 0.23 25.5 74.5 12—36 h 0.26 27.7 71.2
48—72h 0.19 44.6 78.2 36—60 h 0.22 28.5 75.5
72—96 h 0.17 44.4 80.8 60—84 h 0.20 359 71.7
96—120 h 0.17 46.3 80.4 84—108 h 0.19 40.0 78.6
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September , extreme precipitation (e) forecast of EFI and (f) verification at forecast lead time of 12—36 h (Shadings

indicate daily precipitation, unit: mm; Yellow stars and black dots in Fig. 9a, d represent observations of typhoon extreme and non-

extreme precipitation, respectively, yellow stars and black dots in Fig. 9b, e represent forecasts of typhoon extreme and non-extreme

precipitation, respectively, red dots and numbers in Fig. 9c represent the bias corrected stations and precipitation, respectively )
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(a) Daily precipitation of typhoon Ewiniar (#1804) on 6 June , (b) extreme precipitation forecast of EFI and (¢) preci-
pitation forecast of ECMWF at forecast lead time of 12—36 h; (d) daily precipitation of typhoon Mangkhut (#1822) on 18
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