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Table 1 Information about the selected typhoon cases

Bow o om o8 A K A R LT S
/mes ! /hPa

1 1307 pivil 2013-07-07—14 55 935 TR K
2 1311 i 2013-08-08—18 60 925 SR 5 K
3 1312 TR 3 2013-08-16—23 35 956 =
4 1315 RELR 2013-08-25-—31 25 988 IR AT X%
5 1319 K 2013-09-16—24 60 915 5 A M
6 1323 JE4E 2013-09-29—10-07 45 945 R 5 X
7 1330 T3 2013-11-03—11 78 890 R AR
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/mes ! /hPa
8 1408 i fiE 2014-07-02—11 55 930 R K
9 1409 B b 2014-07-10—19 72 888 R A R
10 1410 g oy 2014-07-17—26 42 955 [igEyn
11 1415 T R 2014-09-10—17 42 960 iR K
12 1416 L 2014-09-17—24 28 982 SR X 2
13 1504 EVTE 2015-03-26—04-06 65 910 A M
14 1506 FaN=-1 2015-05-05—16 60 920 IR A K
15 1509 Jali v 2015-06-29—07-12 55 935 IR K
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17 1511 HERS 2015-07-03—18 42 955 A K
18 1512 DA 2015-07-10—26 42 955 i E K
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20 1515 K 2015-08-14—27 55 930 R 5 R
21 1524 E & 2015-10-12—21 55 935 SR 5 K
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Fig.1 Flowchart of consensus forecast
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Table 2 Track error and improvement effect by using consensus forecasts

it 4 % LMK T 5 5 L BT 45 %%
/h e /km BABJ BCGZ ECMWF GZRD MEAN RITD
CF-1 51.3 +8.1 +18.5 —4.7 +18.5 +36.0 +12.9
24 CF-2 47.7 +14.4 +24.1 +2.4 +24.1 +40.4 +18.9
CF-3 51.8 +7.2 +17.7 —5.7 +17.7 +35.4 +12.0
CF-1 78.7 +14.4 +16.8 +5.2 +19.7 +21.6 +16.8
48 CF-2 78.3 +14.8 +17.3 +5.6 +20.1 +22.0 +17.2
CF-3 81.6 +11.2 +13.7 +1.6 +16.7 +18.6 +13.7
CF-1 114.7 +9.1 +8.8 +3.9 +12.1 +8.0 +8.1
72 CF-2 109.8 +13.0 +12.8 +8.1 +15.9 +12.0 +12.0
CF-3 121.4 +3.8 +3.5 +1.6 +7.0 +2.6 +2.7

M % 2 AT 7E 3 A TE 20, 24,48 H1 72 h MY B AR LA CF-2 (4 % i 2 42 ) 1) F 24 T8 4 152 2%
/N GBI 47.7,78.3 F1109.8 km, £ HFAL CF-2 [ BCHE AR - 1) 1R 22 W/ N 3 fe /4 3 R 2.4 90,5.6 %6
8.1 % (HAHXT T ECMWE) ; 2) 15 22 Il /MR FE e K43 3 Ry 40.4 26 AHXE T MEAN) (22.0 % GRHXT T MEAN) il
15.9 % (FHX} F GZRD),
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5B 3 v 3 FhO7 I AE 3 A I A5 I AR A TR AE AR VG O 1) b AR 25 A 34 D7 MR R 25 W0, CF-3 7E 24 il 48
h TR ZR VG 5 ) E R R 22 B N T 50 Ak 2 RO U WM g R ¥ R 22 AT CF-2 /b T 5.4 km
M 8.2 km; 7E 72 h Fildf b ,CF-2 [k CF-3 W45 M4 AH B TAH2EAR /N, AT UL, 7E 24 h Fil 48 h 4Rk . CF-3
A A RO/ N VG AU KT B KULE ZR VG 7 1) 0 B A8 A 22
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Table 3 Comparison of the track errors in west and east directions by using consensus forecast

o YIgr iR 2/ km
I %0/ h
CF-1 CF-2 CF-3
24 102.6 97.9 92.5
48 155.1 154.9 146.7
72 228.9 197.0 201.1
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Fig.2 Forecast error distribution by using CF-1
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Fig.3 Forecast error distribution by using CF-2
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Table 4 The maximum wind speed error and the improvement effect by using consensus forecast

A A% £ 1522 AR TR AR T T 25 4R A W A ke A%/ %

/h JE /me s BABJ BCGZ ECMWF GZRD MEAN RITD
CF-1 8.0 —46.3 —48.2 +1.0 —5.8 +21.2 —46.3

24 CF-2 6.5 —18.4 —20.0 +19.8 +14.4 +36.2 —18.4
CF-3 4.8 +12.3 +11.2 +40.6 +36.6 +52.7 +12.3
CF-1 8.8 —26.9 —25.6 +2.0 —2.5 +17.6 —16.7

48 CF-2 7.9 —13.4 —12.3 +12.4 +8.3 +26.4 —4.3
CF-3 5.9 +15.0 +15.9 +34.4 +31.3 +44.8 +21.8
CF-1 8.7 —26.0 —24.4 +1.5 —6.0 +21.2 —7.8

72 CF-2 6.9 —1.0 +0.3 +21.0 +15.1 +36.8 +13.6
CF-3 5.5 +19.9 +21.0 +37.4 +32.7 +49.9 +31.5

x5 KERFHEMNFOSERERESHHAR

Table 5 The central pressure error and the improvement effect by using consensus forecast

A A% R 2% B BUTIARAR S T 25 4R & B0 19 et /i 4%/ %%
/h B /hPa BABJ BCGZ ECMWF GZRD MEAN RITD
CF-1 15.9 —48.6 —47.9 +4.2 17.9 +19.7 —23.8
24 CF-2 12.9 —20.0 —19.4 +22.6 +4.8 +35.2 +0.1
CF-3 9.4 +11.9 +12.3 +43.2 +30.1 +52.4 +26.6
CF-1 16.9 —22.0 —21.7 +14.5 —10.8 +25.4 +4.2
48 CF-2 14.9 —17.3 —17.0 +24.8 +2.6 +34.4 +15.8
CF-3 11.2 +18.9 +19.1 +43.2 +26.4 +50.4 +36.3
CF-1 17.3 —27.1 —26.5 +17.0 —16.3 +27.2 +6.4
72 CF-2 14.2 —4.3 —3.8 +31.9 +4.6 +40.3 +23.2
CF-3 11.2 +17.2 +17.6 +45.9 +24.2 +52.6 +39.0

rHTER 4 MR 5 iy CE-1 A CF-2 AH X T4 i D 3914 09 ek 28 %08 AT 1, CF-1 #t CF-2 A% T BABJ,
BCGZ #l RITD #4415 22 2 15 K0, 85 RV R 3.8 %6 ~48.6 % , X — s A 5l F A Wk, 1 CF-3 19
5 BE T A5 SRAE 3 A I SO X T — A B 53 TR R R A T e L e R XU R O AR TR 158 22 4 i)
T 11.2%~49.9% F 11.9% ~52.6 %6 , HWAR AR B WAL T 53 4b 2 BB 20, L5 B ) 68 02 A 8 % 42 704 15
SN W 4R B AR IT N BEAR 47 b 3 FH T i B ) 904 AR A R R TR 05R 22 0 4R B AR 1 CF-3 T4 B4R AH X T
CF-1 F1 CF-2 & 2548 i A DAIIE 523X — .

XA SCHE IR 21 A6 A6 3 A BRI v e AR i 3 25, CF-1 B9 35 K X TH] 43 39l [ — 20, 20]]
hPa, XF A5 2R 43 51 A 83.01% ., 71.23 % Fl 66.07 % ; CF-2 (1) ¢ K IX 8] 43 9 42 F [ — 20, 20] hPa,[ —30, 10]
hPa FI[—30, 107 hPa, %} W B8R435~ 85.69 % ,71.72 % 1 70.55 % ; CF-3 A K X 0] ¥ 457 F-[ — 20, 20]
hPa, X i 45 28 43 31 4 90.58 % ,81.42 % 1 76.81% ,

X T e KA, CF-1,CF-2 #1 CF-3 ) 3 > I 24 iy i i 15 22 1 S K IX A1 34 T [ — 10, 10] m/s, X bz (1
B . CF-1 4 79.62% ,70.98 % il 66.60 % ; CF-2 & 83.97% ,72.56 % 11 68.40% ; CF-3 & 88.33%.,81.15 % Al
74.95% . AT ULX TR EE R, CF-3 M4 IX (8] % CF-1 ¢ CF-2 B A Fa e , 58 R 0 H A0 o fh 4
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Fig.5 Consensus forecast map of typhoon track

ST 5b g @ B g4 Al M, CEF-3 Fidi 19 &5 KA gl i 3 5 B S0 O LB 0, HLZ i 5 i 1 5 Bk A
ifii CF-1 Al CF-2 A% F OBS WA Fifi 25 . ME 5b o @ Br#g A2 0 0T DL & B, 76 & KUB i Ji 48 B 701 41 £
i f P4 L (R CE-3 i PO R B e/ s HAE & — 25 il 5 s 2 B0t 1) OBS S5 i e # .

F 6 MR 7 42K S5a F5b XF N I ] B & KA BB R S EER A TR IR 25, R 6 AT,
1410 S A X 48 h FidR L CF-2 By 4R I 22 fit /1N » CF-3 % T BEAR TRAR A9 It 22 88 k. FEJE IR ) DL 8] 5a 4k
B A5 F B8 AR i 2 (2014-07-21T06 ;00 Fl 2014-07-22T06:00) , CF-3 1) 7 4 457 B e 85 2L 52 {8 %% 3, 3% LA
ik 220 79 A A A 2 T R 1 T AR 25 R I TR R FR AR R ER 6 rh 3 R S AR B AR 14 4 1) IR S 1
Yoy a2z, vl A CF-3 DL 86.7 km Y £h ] fiw 22 B {2 /N T CF-1 119 108.4 km #1 CF-2 # 115.2 km, A] i, CF-3
AL B IE PG AL K P A KB R PG w2 . 3£ 6 1410 5 4 K 48 h FUHR A4 5 KR A rpon < (9 34 07
FRAR 2 DL CF-3 f/h 28 910 5.8 m/s Fl 14.4 hPa, Wk 45 BAL T CF-1 #l CF-2 K& & i 01 B4l 45

2 7 dda it B B A 1 07 MR 22 (2 B R 2015-08-09T06: 00) 1] 41, 76 A % [& 2015-08-09T06: 00 I,
1513 B A X 72 h B4R TIR L CF-3 etk . 26 X6 B 85 A 4 1) B 25 43 91 4 79.5 Ml 124.3 km, EATHY 4 07 1R 1% 2%
BI/NTF CF-1 F1 CF-2 Je A 4 T . CF-3 TR 14 5 R KGR o0 SO 4309 B 5.2 m/s Al 11.4 hPa {UK
T GZRD 1 5.1 m/s F1 8.1 hPa, #H# T CF-1 Fl CF-2 Tl R A i 2 5
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F6 1410 SEN 48 h FUIRH A RIRE
Table 6 The RMSE of the 48 h forecast of typhoon No.1410

Yy iR 2% CF-1 CF-2 CF-3 BABJ BCGZ ECMWF GZRD
4 5t B /km 89.5 80.7 119.4 81.2 77.9 93.8 154.5
1 FEE /km 108.4 115.2 86.7

R /m o« s 12.2 10.1 5.8 10.9 11.4 11.0 9.5
H SR/ hPa 22.1 19.5 14.4 20.2 21.4 16.1 16.5

T 25 F AR TR

®7 15135 8K 72 h FRHARIRE
Table 7 The RMSE of the 72 h forecast of typhoon No.1513

YRR 2% CF-1 CF-2 CF-3 BABJ BCGZ ECMWF GZRD
7 %} 1 8 /km 92.8 83.4 79.5 95.2 94.5 109.0 156.9
4 ] §E % /km 152.6 141.1 124.3

FRE/m e s ! 5.8 5.3 5.2 5.7 5.7 7.7 5.1
TSR /hPa 16.5 15.8 11.4 12.7 12.7 22.7 8.1

T 25 H AR O

FEIX 2 YA TR 5] e, JC 8 I I A4S TR 1) P 158 22 , 3 2 i 38 T4 19 i R KU A5 v R CF-3 AR 45
R T7 R 22 KREO/N T CF-1,CF-2 R Z2 80 01 1 50— Pl . e Ak, (AR A G 22 72 X CF-3 ML T
CF-1 Al CF-2 ] DLt it 65 XU A 1) i AR sl i P 3 170 %8 40 W7 5 DU ) 8 o7 28 A T 36 B

47 B

BEXE PG AL K- & KUY TR 72 ) — b 2l 25 A 0 B i 4 5 vk L R T 3 M A [RJE =X 19 3l 28 AL (i
AINTR 22 A8 i 2 5 ARG 22 o 38 Ak X PG AL AT 21 1) KA D81 1) B T A N A By, 45 B 45

1) fift FH 2l A5 AL 119 2 1 T4 5 3 %o T 5 KUY B A8 T 1 0 e T A8 A Ak 3 AN T 4 A R XA X
TR ZH08 51 1 B — T 25 AL AT AS [ 2 B A 4 1

2) I A7 LA L feft FH 6 % i 22 T 24 4 AR S A 1 349 1% 25 AR X T B 1 B SR AR/ 2.4 96 B e B/
40.4 % s g 1) 25 b7 AT R RE G4 22 08 =X B B i YA TE 24 RN 48 h Tl b, B AR R 25 bE /N iR 22 4R AR
J5 /N 8.1 Fl 8.4 km, Ho 48 Wi 22 4 R 5 /N 5.4 F1 8.2 ki, 5 B AR LA FH AR X O 22 9 =X 0 4 s R
A+ B AU R T 0 A0S 9 1 158 28 AR T AN 180 B A AR 0 /s 7 11,2 D0 I 11,9 V6 o e e 3 /s 1
49.9% 1 52.6 % ,

3) WA A 5] 504 53 B 28 W o R X O 22 2 25 A EE B B 1k A i S I 220 i A AR ) B Sl 2 T RB AR L HLH:
X 5 KU AR AL Bl 34 00 T4 A Lo A 42 3 L S 00 . X R R TR 2 Bl A R T vk e I S e £ XU AR
728 A 2 O P 1) T 1% 2 5 DTG 23 A0 15 KU 75 85 il 1) T 80K
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A Consensus Forecast Method for Typhoon Based on Dynamic Weights

JIANG Ying-jing"?, GAO Shan-hong'"*
(1. College of Oceanic and Atmospheric Sciences, Ocean University of China , Qingdao 266100, China;
2. Key Laboratory of Oceanography, Ministry of Education, Qingdao 266100, China)

Abstract: A consensus forecast method for the track and intensity of typhoon based on dynamic weights is
proposed, by which the members to be used in the next forecasting and their weights are determined at ev-
ery moment according to the forecast errors at the first four times (24h, 6h interval). Three forms of
weights (least error, absolute deviation and relative deviation) are designed, and by using the typhoon
forecast data of 6 meteorological organizations from 2013 to 2015, the forecasts of the typhoon track and
intensity with a time limit of 24h, 48h and 72h are tested. The results show that: 1) With this dynamic
weight consensus forecast method the forecasts of both track and intensity of typhoon can be improved,
with the average forecasting error being smaller than that of a single member; 2) For the forecast of ty-
phoon track, it is better to use the consensus forecast-2 (CF-2) which takes the absolute deviation form as
the weight, making the forecast error of 24h, 48h and 72h time limits reduced by 2.4 % ~40.4%. For the
forecast of typhoon intensity, the consensus forecast-3 (CF-3) which uses the relative deviation form as the
weight can achieve the best effect, making the forecast error of the above three time limits reduced by
11.2%~49.9% for the maximum wind speed of typhoon and by 11.9% ~52.6% for the central pressure of
typhoon; 3) The consensus forecast-3 (CF-3) can effectively reduce the deviation of typhoon in the North-
west Pacific in west-east direction, with the root-mean-square error (RMSE) of the forecasts in 24h and
48h time limits being 92.5 km and 146.7 km, respectively.

Key words: consensus forecasts; typhoon; dynamic weights; forecast error

Received: October 27, 2017



