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Research for the Ensemble Member Optimization Correction Technique on

Typhoon Rainstorm Forecast and Its Application Experiment

CHEN Boyu GUO Yungian DAI Kan QIAN Qifeng

National Meteorological Centre, Beijing 100081

Abstract: Based on several rainstorm processes of landed typhoons in 2013—2015 and statistics, we pro-
pose a real-time correction method for typhoon rainstorm forecast (also called ensemble member optimiza-
tion method) using ECMWF precipitation and typhoon track ensemble forecasts and operational positioning
of National Meteorological Certre (NMC) for the operational track forecast. The results show that ensem-
ble statistic precipitation products are improved significantly by using the ensemble member optimization
method, and the improved products give better performances than the ECMWF deterministic forecasts.
Improvements of ensemble statistic products for short-range forecast are more significant than medium-
range forecast, and that for extra torrential rain forecast are more significant than torrential and heavy rain
forecast. Moreover, Fuse Matching average (FM) product is proposed in this paper, based on the charac-
teristics and principles of Probability Matching average (PM) and fusing products. The results also show
that the PM products with 10 to 15 optimal selected members give the best performance for 36 h forecast,
while the threat scores of PM products can be promoted by 10% approximately for extra torrential rain
forecasts. For 60 h and 84 h extra torrential rain forecasts, the threat scores of FM products can be promo-

ted by above 20% , compared with the ECMWF deterministic forecasts.
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Fig.1 Schematic diagrams of principles of PM product

2 OB iy itk

A5 TR B0 A P TOUHR 4 D10 9 A T 38R i TR 19
Z Fhal BEVE L 3 b 55 K 56 A B BR A B B A L A
EC 5 HURAY 51 4B . B REHR B — 28l B 5
B WP AR AR BT . AN XE B L 5 XU X i
IRRFEBERE T 5 5% WA i 14 e K 9% IX L 2R 3
AT M0 P R 41 s 20 310l 55 A 41 I 220 22 1) I B A e
T IR S D0 R G T2 TR i 22 552 /0N 149 B 5% T 88T 114 93
WA ATRATIE B A — 8 R B b 0N B ik o Bt
P A TIU IR AN B 2 5 48 785 B 13 S8 T iR K™ il 1Y
HERTE o 2 T 10 P A8 % A 552 P 10 o f T o — A4
[F L« 32 B 22 /0 G BAT 87 i 14 3 K PF- 2 38 1 e g

AR SC L 4 [ Y R R 2 T R TS BF 23 R PP Al A
SUPLEEH AR X5 GE i )™ b A9 St AR TR IR
200 45 1 R A [] T AR I 20T B (10 A B . ST PR R

FE XN
R = TSopli/TSnorm

J—:t EF‘ ’ Tsnnrm ﬂ:‘u Tsnpli ﬁ%ll ﬁ{tﬁﬁﬁ%u 1tiﬁ}a%%gﬁ
1.2 @
1.0
.8
~
—36 h
0.6 % b
—108 h
—132 h
0.4

2 6 10 14 18 22 26 30 34 38 42 46 50
D ol 538

Kl 2 PM(a)fl FUSE(b) = &

TR MR R KPR, B 2 B4 T
20132015 4E %k & X T 2 2 # PM fil FUSE
PG A . W LR L B T 6 T
it PM Fl FUSE j= 5 ¥4 B 8 A R0 » B[R] 704
I 24 1) e G B0 A B A — i 22 5%

XFF PM 7= i ik 10~15 N4 A Al 63 6] i iF
36,84 1132 h 2L Wik A — & M HE By, b, 36 h
AP0 0 e K 2 R PF 4 0 i e R B3R 1020, T
FUSE 77 iy » et B D 45 Wil 2 B 280 177 384 o I e
36 h IR IR Ee A ELAE 4~6,60 h BRI B A
N 8~10 4>, 84 h I R IR % i A K AE 18~
22,108 h BRI 1 5 LA EUAE 20~28560 h B &%
{18y o 2 AR B i KL T R 3 20 04 s WU i RO A 132 h
Phb s OGO 3 5 1 X8 e 7 o AR TG 3 AR
PRI I 25 F Je T 19 65 U0 SE 0 B 3 AR S B AR X F
S 0 I A5 oA R R R A K R A A W Y A
.

55— 7 I . A3 B B AN BOe PMFT FUSE 7=

MM AFAE R RANTR] . X PM P= i, pR S R il 26 1%
TEAFAE 2 AW AE A AR A — 2 I 3l M5 P FUSE
77 R R R R T R B, 3 A S A
RN A G R K™ SO TR 2 RN R OR B W
TR B — 2 WS %M HREE 20135 0k H %,
2013 TR IR A, 2014 5 83l 45, 2015) , BT R 2%
R K TR . PM 7= 5 B TS P43 55 16 22 Mk LR A 2
(B H 25 4 3 AH X B FUSE 7 iy 800 & 1 004 A7
TR TS PR3 5 0 K28 T o 24 R /K T4l . PML ™ i
1) TS PE 304K T & P T4k, T FUSE 7 @iy TS
PO T E MR . R I 2013 AR BB A X
RN IR BT A R Bon  FUSE 7= 5 1 45 i 0l i 8K
-S4 R E PE TR 2~ 3 £ (BRI 45, 2015) . fLik

1.4
(b)
1.2
1.01// 7
go‘s
—36 h
0.6 0 1
84 h
0.4 —108 h
—132 h

0.2
2 6 10 14 18 22 26 30 34 38 42 46 50

BOR Bl 8 5 Ry 22 4

Fig. 2 Function R with respect to the numbers of selected ensemble

members for PM (a) and FUSE (b) products



1468 A

% 842 %

JEC BRI A R T ] FUSE 7= il B9 25 0% =5
A K T FEx FUSE 7 TS ¥ (19 $2 T+ A &

SEME . H T PO 018 % R R OR B R 2 4R AR X
B T A0 25 4 W G T /0 BB A TR A 4 AR % i
FETS ¥F23 19 52 THR R AR 32 R 7K o A el 1k 19 52
Wi SRTLBR T B MERARAN . G KUK IR 2 F 5 KR
J3E 25 FL At 25 o DR 2R A9 B I

3 AP TR T G R ik

3 Ao B O N R A R R e A T A
S5 R WRIZIAR BB Ge it R K i i
HHHEWMER. Wi ZEF X PM Al FUSE 7= §
53 BT 5 A 15 K A SCtE FUSE 7™ iy 1 58 K0 00 0 g
P S WA Iy T AT iE — 25 45 B 0L G 7
114 Vs E I MM

3.1 BAMEEFEHERITER

R4l PM F1 FUSE 7 i (19 3 58 F0 0 F0 &8 31 K
WA R Rl PM P BRI T 256 TR BN
BAREIK A3 A B A5 L BT B IXUZ% R 3 R ) R 7K i 2
FEAE— & WAL s FUSE 7= 5 J2& Bk T 57 4% o5 1 26
BOAS TR B 0 AR T A5 %k 2% B9 2o 7 A B K e 2 T
AL EC 1 e ik A — @ e HAE R 2 U E &
MR RN . B, 58 FR PR 54 H
P, % 1B FUSE 7 i 45 46 5 F 1 37 # K UL BE
B33 1 g4 VL B S ¥ (Fuse Matching average,
FMD ™ il . BAsh ¥ 3 H 5 /) FUSE 7 i BT A 1%
FE R PR AE F2 R B/ HES 5 8532 8 51 45 4 AR
/NS 5 G- 3 91— — X Rz 3K FUSE
7 i TR A DR B 2 X o B 7E 4R 5 - 2 3 Y
frE, RIS 2] FM 7™ 5 (& 3)

BHTY

A b AT I <

00) then (Rpysg=R pax)

,=50) then (Rpysi=R.j0
=25) then (Ryy 75
elseif (Rys50=10) then (Rruse=Ry;s))
else (Rpyse=Ry10)

Endif

g
000
1
[

T
DDD%?DDD

A"

wkE/NMEs] (] O mksvhis

B3 FM = it 5 R
Fig. 3 Schematic diagrams of

principles of FM product

— R L TGP A AR R L T g A

FHAE BB AT A A AR X AT 114 B8 7 o i i B
RO A5 R R 4R A 7 2 TR T R K o3 A
A TR S A L T i B B T K
Gl A5 A G K H B B AR O3 A G B L S P
A PGS AR B BT LA B — A B TR .
o FEIA T R G MO e H A AR SORE X 70 3 5
K o3 A (B G V- 24 375 FUE E 375 1 400 i i 5% 4R
B 6T PM A FM = K20 3 A 50 XX 50 g ik
B GEOE E  DL SR A I G i i i i R AV A

3.2 HEESTHIHMLESRLIER R

B4 45 T AEAR TR TR T 2 3 R DS i 3 1
Ve BB R L PM AT FM 72 4y 36 fi1 108 h By
RPAR Y TS PB4 4346 . X T 36 h W il 1 1k
10~15 4~ B0 8 SR 5 - B34 JF L e 10 A A4 1R
T TR L TS AT ) PM R P 8 B B
o B 51 A A4S H IR PM = 4
10% (& 4a) {1k 10~20 4N B 5 i 2 2 5 E 3493
FRVCFL AL 2 3~5 A A% 61 1545 i FUSE 7= .
AT H B AS I FM = 5 0 0 43 38 8 0 f » A4l ik
R B FMP= 5 B3 20 A7 R R i 4R w5 (1 4b) HL
AR5 PM P2 A 2, XFF 108 h B Hi 4l
ik 25~30 A~ Bl i 2 4 A T 43 JF IT R 30 ~45
AN 8 AR B TR TF AR ) PM PR ] A — o
FE F iR PM = S B9 P43 s D03 40~45 A Jl 51 1
EEATEGIF LB E 10~25 % 01 AT 1
) FUSE 7= i, ] 76— E F2 B B ek it R FM 7=
MIPE4A (0 FM 7= 5 i S R 4 22 B &8 & F PML 7=
Ao AN E B AR L B A TR SRR 3 K L ) 0 A A
AU B B B AR B0 TIE A 220 R A K AR e 22 Y AT g
ARG N H 3 B A A2 4R GO 3 3 D i 35 114 B
e B St AR 7 1 o

Wt A 36 F1 108 h B AL AR - 45 R 8w, PM
AT FM 7= i 108 h B 280 i iz o4 2F P2 B 48 36 h B 2
A TR B X 16 BH AR G 26 4 R 6 e B B 3R A S
THa 7= 0 e AR AR A B R S
AN Bt IS B PM = S B 2 3B A 48
AR ARG 35 B B3 B s T B8 UG K 3 190 G 3k B3 R T A A
B, A5 I, 36 h I A TR . BE R BREK 4R T
REUT B 5 A R BT T ek PM = i g — 5 1Y S
Bl o T 153 U BE 35 19 S5 A B B 50 0] EL A T B i A £
WA . AE S5 BT AR b, EM ™ 5 6 3 F 4R G
Tict 3 (1) A0 2 A 5% 5 O Ay MUK L % 45 R 5 5 Y R X
FUSE 7= s ik 1) 53 B A W) 45



1z

WA 3 26 1T 1) 5 DX T R 1 AR K B3 (0 8 0T 1E BRI 5 B i A 1469

0.33
0.32
0.31
0.30
0.29
0.28
0.27
0.26
0.25
0.24

oS o o o o o o o
—_
W

(=1
—_
(=}

30 40 50

Bl 4 FeTAFE B4 G V55 QU AL G il 08 1 5 R 8015 1 19 PM(a, o
FM(b.d) 7§ 36 h(a,b) fll 108 h(c,d) B LB TS W4 (B1#)
Fig.4 Threat scores (shaded) of 36 h (a, b) and 108 h (¢, d) forecasts of PM (a, ¢) and FM (b, d)
products with respect to the numbers of selected ensemble members for

average arrays (vertical axis) and matching arrays (horizontal axis)

3.3 M AfLiEFH PM.FUSE #1 FM 7= @ Lb 8

PM.FUSE 1 FM = il 75 A [7] T 42 i 280 1) d3 0
PEOMETE2E 5 PRI L A8 B3 A6 7 i ol 55 P i 7 o
i L A (A U I 280 e B St ik R R

0.35+ s AVE

0.30+ = PM

0.25 = FUSE
’ = FM

&R 0.20-
jary

£ 0.151

0.10-

0.05-

0,

36 60 84 108 132
TR/ h

5 g5t T 2 i 530k O s ek I AR ST
(AVE) .PM.FUSE Hl FM = i 9 5 0 TS 4 &
HOAH BB Bias P CREETD o« 458 R 6 T A A
TR B R, M7= i (1 974 2 S K5 T FUSE 77 i
HEM ™ il 84 hinf &% 25 it & 2 W] B AIK T FUSE ™

3.07(v) " AVE
2.5+ = PM

= FUSE
2.0 = M
1.5+

Biasitsyr

1.0+
0.5+

36 60 84 108 132
Tttt 2%/ h

B 5 R B 5 5 ot ) 9 4R A2 (AVE) \PMFUSE Al
EM = i By s TS 343 () K AH B Y Bias 343 (b)
Fig. 5 The optimal TS (a) and Bias scores (b) of ensemble average (AVE),

PM, FUSE, and FM products by the method for optimization of ensemble members



1470 A

% 842 %

i (KBS . Bias 14388 FUSE P2 (L T 1,1
Ui 38 K FUSE 7= i DG fic 31 45 & F ¥ 35 15 30 1)
FM 7= i — @ B BE L3k #b T FUSE 7= 25 it %
T =5 AN 2

ATLAE . X F 36 h B AL B, PM Fil FM 7=
A BLAE 24, PM = B 2 ORI B AR T FM =
i (W), 1 FM 7= 5 59 Blas $F4> R BT 47, i
FESC B 55 Wil b . PM O FIL FM 7= i 394 — E 1 2
ZAYrE ;X T 60 h I & Wil . FM Al FUSE 7 5
PEArZE W 0 5 T PM = i fH 3L Bias 340t 3 90 2
F Ry, FM 7= 5 (8 Bias $F 43 88 FUSE 7= i
45 %5 F 84 h B TUAR L FM 7= 5 i1 TS 3750 20 i
= F FUSE #il PM = i, R 3 60 #1 84 h B2 i 4
H M o6 4 e TR 5L 3 0 TR O 4 H A A
Xof B AT 1 5 B LA F 3L Bias $E4y 85 F 1L 08 A AT AR
A 2E 4 % 58 FM AT PM = i X [ K B 92 A9 48
I X RNt e R AR ik 5 3 D e B i N G T 4
SCHEAS B3 T SCACPE A 6 0 B 50N K 5L R 1
HEAEH

4 AP Hr

AR L 2015 4F 5 K58 % (1513) A1 Al
(1509) 2 W o 2 24 P Ak e 03100 26 7 ol 1) 7 BE
1513 5 & Ky it B & 2015 4 52 i 3 (5 70 Bl dse ) 1Y
R ZHEW. 711 H. 595 Wi mE.
FAe i N A R NN s N S s w1
Hirp, &1 RESFER 200~400 mm, 7 H 800~1300
RO TN R 75 e (O 1 = 1 (A W N £ N W
AU 0 45 M BB 43 Hb X 350 ~ 600 mm, 5 & K75 %
AHEE 1509 5 5 XUl 1) 52 ) 3 F AR X 58708 L 5

*1

AP B fd . 2w, 1012 H, WP LR#. -
T VL 2R B 5 L 2 80w 4 M B 50 ~ 140 mm,
Wi A AL A2 1L B 150~280 mm,

4.1 ERBEFT RMILRE

FEXE & R 2 R A AR 2 A E T 2015 4
8 H9 H 08,10 H 08 IHF1 11 H 08 Ay 24 h &
FHRE K R 0 6T 4 K 06 24 b B 2% A T 40 0% o e B
I AR B i — K 20 B A2 36 h B AL EC 241 [ %
RECRI A B e i B K LAl ™ s o, G it i
B4 &M H 9 (ECMWE Optimal Quantile,
EOQ) i R ik J5 19 PM(OPTI_PM) fl FM (OP-
TI_FM) ™= i, 5 2248 . 280l F FUSE 7= i it 5%
JRIELEOQ 7™ i & T I 52 RN G 145 2 9 K T4k
R AE MG A 50007 w0 Bg S 2 Al 55
E HWES SR 2 — s EARRE R Y.
OPTI_PM 7 i i 554 5 1 245 37 1 DG J5c 373 1) 0 326
BB 11 4.1 OPTI_EM F= fhi B 4E 41
FIVCTE 3 1 00 328 130 B 50530 R 11 i 3 A

B W5l BT R A = A B B (D B R
B KMARMEEAK (8—9 H) ;5 (2) Bk 5 & X 55 3%
FEK A E9—10 H) s OfERiP S E m S AR Y
MRS RS A KN (10—11 H) . £ 1 45
gy th 7 B KT 2 R R = 50 ) B O
KK B dk (QPF) \EC 4 W #% £ 2 . EOQ., OPTI_PM
I OPTILFM ;= 5 i) 2 W f1 K 22 W TS Fl Bias 11
gr. SRR B R RS — FES =K, B 5T DL &
EC 4l p 515 X EOQ &5 % WL 37K 7 il Y9 A BT 1Y
R G NERES =K T 6 KRGS, 58 KK
31 TR B3RN0 b B P 43 35 A B S A T R 5 )
T bR = A B B i R K U4, B0 D0 32 77 i 19 TSTE

F W EEFEKTR(QPF) .EC A ME K (& A H 9 L (EOQ) OPTI_PM F1 OPTI_FM = &

SH9RB.10 BF1 11 H 08 Af 24 h ZEFAEKBRHMARFE LR TS 4 0 Bias 4y

Table 1

The 24 h accumulated precipitation TS and Bias scores of torrential and

extra torrential rain of quantitative precipitation forecast (QPF), ECMWF deterministic forecast (EC),
ECMWEF optimal quantile (EOQ), OPTI_PM and OPTI_FM products at 08:00 BT 9, 10 and 11 August respectively

B | /BT P K B 9 T5bias)
QPF EC EOQ OPTI_PM OPTI_FM
9 H o8 i} e ) .43 (1.25) 0.45 (1.05) 0.45 (1.20) 0.49 (0.96) 0.46 (1.06)
PN ) LA7 (1.90) 0.54 (1.48) 0.54 (1.66) 0.59 (1.19) 0.55 (1.38)
W .23 (1.84) 0.22 (1.30) 0.25 (2.02) 0.23 (1.03) 0.22 (1.48)
10 fos KA .20 (4.63) 0.07 (0.27) 0.16 (1.64) 0.16 (0.31) 0.18 (0.63)
11 H 08 if e ) .52 (1.09) 0.52 (0.97) 0.36 (1.82) 0.52 (1.01) 0.48 (1.19
KFTH .49 (1.17) 0.33 (0. 46) 0.34 (2.29) 0.53 (0.69) 0.56 (1.04)




1z

R 5 4% T 1) 5 DR T 94 4 5 BT B 7 0 328 0 D B AR T 58 B AT 1471

Ay Bk E T EC M . EOQ 7= i Jz Wi 4R 51 3 W 1
L, H P e = K OPTI_PM = i ) 5 T F1 K 5 1
TS FIT N EE ., Hi OPTI_PM fil OPTI_
FM J i 4 FAS YR W i B 36 h B & Fitdi  OPTIL
PM 7= 5 £ LW 47 F OPTI_EM = i,

Bl 6 250 T & R Ihil B 5B 5 — K 24 h 21
Rk SO (9 H 08 B KA K EC 1Mk . EOQ %u
OPTI_PM FI OPTI_FM ™ i (¥ B K Tl 53 Aii o 7E
6a 1 EC 21 A% 112X 0] & WY W A 07 B R AR 48
AT BT R K R T TS (Bias) 343 43 Bl ik 5] 0. 45
(1. 05) A1 0. 54 (1. 48) H X K %% T R /K 7% X T 412 5

0.1~ 10 rm

©10~25 m
25~50 mm
m

3 mm
f Shaded:15080712.036 Rain24h

0 10 25

50 100

SO A e PG 5 7E 18] 6¢ Hh, OPTI_PM 7 1) 28 1
IR 5 TR % X8 EC 20 I 5 A5 2w A 1) 4R 9 4, 3L
FET A K B TS (Bias) 3 43 43 51 32 & 3] 0. 49
(0.96)F1 0.59(1.19), EOQ fl OPTI_FM 7= i #%
A T A R T R K 2R R R X AR A R
FER; L4 EOQ 1 OPTI_FM 7=, OPTI_FM
7 ity 2 T R R 2 T 4 X3 B 2 30 S O 4 R A
XFEEAR . A Xt T W T AR R LR B K R T R )
KK JEC 40 k% i1 OPTI_PM 7= 5 Fil i 47 146 — 2 A%
i i OPTI_EM 1 EOQ 7= i 45 Fr A 8K

i
©0.1~10 mm
©10~25 mm

25~50 mm
©50~100 mr
©>100 mm
Shaded:15080712.036 Rain24h

(d)

Rein24h
©0.1~10 mm|
©10~25 mm
25~50 mm
®50~100 mm
©>100 mm
Shaded:15080712.036 Rain24h

0 10 25 50 100

Bl 6 201548 H 9 H 08 Hf 24 h BFARE/K LB
DA EC 4R #s B 36 h AL Hi 4 (2) \EOQ(b) \OPTI_PM(c) \OPTI_FM(d) 7 i (B , #4% : mm)
Fig. 6 Observation data of 24 h accumulated precipitation
and EC 36 h deterministic precipitation forecast (a), EOQ (b), OPTI_PM (¢),
OPTI_FM (d) products (shaded, unit; mm) at 08:00 BT 9 August 2015
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Table 2 Same as Table 1, but for 36 h, 60 h and 84 h forecast TS and Bias scores at 20:00 BT 11 July, respectively

B MOk I

QPF EC EOQ OPTI_PM OPTI_FM

36 1 £ Y] 0.46 (1.75) 0.53 (1.43) 0.43 (1. 86) 0.49 (1.33) 0.47 (1.48)
KEEW 0.41 (2.25) 0.42 (1.75) 0.25 (4.00) 0.54 (1.53) 0.39 (2.35)

50 b £ Y] 0.39 (2.10) 0.44 (1.82) 0.33 (2.73) 0.36 (1.87) 0.41 (2.00)
KW 0.27 (3.13) 0.26 (2.69) 0.20 (5.06) 0.24 (2.65) 0.23 (4.12)

i £ 5] 0.25 (1.69) 0.23 (1.76) 0.24 (3.27) 0.33 (2.19) 0.32 (2.3D)
KA 0.08 (2.38) 0.08 (2.25) 0.15 (6.63) 0.19 (3.12) 0.19 (4.53)
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at 20:00 BT 11 July 2015 and 84 h deterministic precipitation forecast
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