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Verification and Analysis on Tropical Cyclone Ensemble Forecast of
European Centre for Medium-Range Weather Forecasts from 2009 to 2015
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Abstract: The verification and analysis on tropical cyclone (TC) ensemble forecast of European Centre for
Medium-Range Weather Forecasts (ECMWEF) over western North Pacific in 2009 — 2015 are given from
four aspects. The results show that the capability of ensemble forecast on TC tracks has been improving
annually, but the intensity forecasting is always weak. The stronger the TCs are, the more accurate the
ensemble forecasts of TC moving speed and moving direction are, though the forecasted speed is slow and
the forecasted direction turning leftwards exists, whereas the forecasted intensity is weaker. On the other
hand, the steering flow of TCs is classified into three grades. When the steering flow is weak, the TC
moves slowly, and the direction forecasting is uncertain; when the steering flow is strong, the TC moving
direction forecasting is reliable, but the speed forecasting is not good enough. As to the TCs over South
China Sea classified according to three different types of tracks, the speed and direction ensemble forecas-
ting errors would be small in westerly and northwesterly tracks, but would be large in westerly to north-
erly tracks. For the TC with westerly to northerly tracks, the direction forecasting has large spread before
turning northerly, while the moving direction would be stable after turning northerly.
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Fig.1 The annual mean absolute distance errors
of ensemble forecast from 2009 to 2015
(Bars represent mean absolute errors, and

the values represent mean decreasing

amplitude by linear fitting)
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Fig. 2 The mean speed and direction errors of ensemble forecast under

the influence of different types of steering flow from 2009 to 2015

(a) speed errors (error>0 represents forecasting too fast, and

error<0 represents forecasting too slow) ,

(b) direction errors (error=>0 represents forecasting rightwards,

and error<<0 represents forecasting leftwards)
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Table 1 The ratio of mean error samples of ensemble forecast under the influence
of different types of steering flow from 2009 to 2015

5155 12 h 24 h 36 h 48 h 60 h 72 h 84 h 96 h 108 h 120 h
& 0.91]0.98 0.75/0.97 0.78]0.96 0.72/0.94 0.62]0.88 0.65[0.97 0.63/0.84 0.67]0.85 0.64/0.85 0.54[0.97
i 55 0.95[1.05 0.90]0.96 0.86]0.99 0.98/1.06 0.89[1.18 1.05/0.88 1.08]0.93 1.01]0.84 0.88|1.07 1.04|1.34
A 38 0.62[0.53 0.50[0.52 0.44]0.58 0.49/0.58 0.47[0.55 0.44[0.58 0.44[0.58 0.39]0.60 0.39/0.52 0.36[0.51
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Note: left values: samples ratio of forecasting speed faster and slower, right values: samples ratio of forecasting direction rightwards and left-

wards.
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Table 2 The ratio of mean speed and direction error samples of ensemble

forecast in different grades of TCs intensity from 2009 to 2015

TC % 2% 12 h 24 h 36 h 48 h 60 h 72 h 84 h 96 h 108 h 120 h
TD 0.86/0.56 0.77][0.55 0.74]0.54 0.67[0.57 0.85/0.68 0.94[0.78 0.77/0.68 0.90/1.00 1.00]0.56 0.65[0.59
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TY 0.63/1.00 0.63[1.01 0.58]1.00 0.59[1.01 0.63/1.01 0.50[1.01 0.52[1.02 0.57/1.00 0.43]1.02 0.49[1.00
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Note: Same as Table 1.
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Fig.3 Three types of TCs tracks over the South China Sea

(a) westerly tracks, (b) northwesterly tracks, (c) westerly-northerly tracks



5 2 3]

W E A% . 2009—2015 4F ECMWF $4iF SiE 5 4 TR (0946 56 & 40 B7 281

—_
(=]
—

&) 7 WAL 7 m P LT

W

iRz, /m - s!
<

|
w

12 24 36 48 60 72 84 96 108 120
it/ h

30

(O 5 w7 A7

FliRzE/

—30

12 24 36 48 60 72 84 96 108 120
Tt/ h

4 20002015 AETIAT (L AT T IR JL 37 = 2 B o g A0 S B
ARG B BR () FIAS 17 TR (b) 7 2y i 22
Fig.4 The mean speed errors (a) and direction errors (b) of ensemble forecast of three types

of TCs tracks over South China Sea from 2009 to 2015
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Fig. 5 The mean speed errors (a) and direction errors (b) before and after turning

point of TCs with westerly-northerly tracks

(—120—0 h represents the period before turning point, 0—120 h represents

the period after turning point)
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Table 3 The ratio of weak and strong mean error samples of ensemble forecast for the lowest pressure of center

in different grades of TC intensity from 2009 to 2015
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Fig. 6 The mean errors of ensemble forecast for

the lowest pressure of center in different grades

of TC intensity from 2009 to 2015
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AT SR AE A [A] 5 B2 51 3 S R W T A AN [ 19

4 %

it 5 iE

A SCE 3K 5 4 AT 2009—2015 4 ECMWE X
VY U R FAHT e Y B £ PR BILLT 45
.

BRI  ECMWE S8 5 B4 % #4415 U A9 8%
A TN bl A v A HL R T A B 6E 7 O S Bl 5 2
BT RAAEB . A AE LAy AT AT B A
22+ A [ AR Qi i1 555 B0 e 000 B 3o T 41 fi 1% 5 52 T
o 1A 55

Wil A S R i A AR T LA B
) 4 0 412 7 0 0 O S8 i v 5 S 2 X e J3E AT S o
RGN X B K R 50 B B A 55 T8
X 5 IR A J3E O A0 S O 5

P A
e . 1%

R Bl D0 » PUAROME JBE 25 S AR . 24 51 5 00 i 553 10
5 TR Pl SUE 1 TR A At P B I e 7%
I 9 TR 1R 22 foe K5 24 5| 3 U R I i T 3G X
JHE RS Bl B0 bR A TR X s 3 T A R A 2

TE 7 T A U = 280 WL B A P 4R 5 TR
XFPYAT P ACAT P S Y B A TR A HE AR L Y AT AT Y
AR A BURBCR BB 25 . P AT L T i A2 A9 44
A S AE B 1] BT 4 & TIUARONS B 1) 1% 4] BT % IRE AR
Ko R 1) TR 5 22 W 1) AL A% T e B A TR
E R 78 T E AR B RS PR L

&% ik

W B AT, J7 H 4. 2017, 2015 4 P 4t oK S v $OHE 0IE BUIR R
BEPEAELT]. R4 ,43(4) :501-507.



5 2 3]

o E A 5 :2009—2015 4F ECMWE A < e 48 A 004 19 46 58 K 43 b7 283

AR L RS W KL 2014, 2013 4F T b T ¥ #RH A00E T 4ORG 18 01 LT .
K4 ,40(12) :1549-1557.

W R AT, 2015, 2014 4F 7 b oK S v O A0iE TUHORS 1
WLl B4 .41(12) :1554-1561.

B R R, W 4, 2012, 2011 4R VG b K OF ¥ Rl S0E TR RS 18
WEEL] A% .38(10) :1238-1246.

R S L AR, PR, 2013, 2012 45 7Y b K P 3 $AH ASONE TR A T
FE[J]. 5%,39(10) :1350-1358.

BRI 5 . 1985, i S A2 sh B 8 Al 45 Bl R i Bk Lk B LCL// &
B, dbat - R4 AL - 6-30.

BRIKE A T 31,1979, 75 K- & KUBE i LML Jb 5t Bh 2% AL

491.
FE45.2002. 24 WU 9 BUR A0AT 5 [T 1. B 42441, 13 (1) < 16-
28.

A% SRR AR, 1985, FR I & KOl 45 B (9 P4 [T ). 5 Rk
BFFE B e T 4(3) : 319-327.

BRI, I 22 L m AT L %, 2014, B KU AR 4 A TR (G ST 3T IE B
ARBFFELT]. A K24, 30(5) :905-910.

YR BH A7 E 7S B IE 5%, 2015, 3 F BRI 0 5 R A T4 312 30 9 191
o BRI )RR G, 37(1) 1449,

WA WRE R AR, 2011, 2010 48 75 6 K7V & KUK B2 3T &
A ELT]. A% .37(10) :1320-1328.

FH AR RIS AR 5 1997, By S 58 B2 52 i L RS 2l oy 3 AL I LT ). me
BUR GBS . 20(1) 1 11-17.

/NGRS WE H TR IR AR AR 4L 2012, P4 b KO P G T D U SOE R
TR A IR A3 AT LT . A G5 4. 28(2) 1 204-210.

FERW A, X %,1991. 22 IMACE 5] 5 4 XK 2 iR

JPELI] MR G R 2(4) :434-439.

F R L2013, P AUNE R & BT S8 e [T ). #4224 29
(4):698-704.

B BBt B PR DS, 55, 2008, UM TR RS g BT AL LT, AR
W55 % . 29(2) . 32-37.

B UKL BRI 5855, 2014, 2013 4R RN H 0 5 KA & TSR 1Y
K [J] )RR 36(2): 1-5.

R, B KL B L 4, 2015, 3T TIGGE ¥Ry 78 K OF 2 4
AN 2 B R IR T 3 H LT DL U4, 41(9) £ 1058-1067.

KAWL AR AL 2R 22, 2007, S R T 1 1 BT AU K A R OIR JSE TR
IR L] AR, 35(2) 1 161-165.

B T BV, H s 8, 1985, = EAEITIES| T & KT Jr 9125 hi
L] R4, 14(7) . 3-8.

Elsberry R L,Carr III L. E,2000. Consensus of dynamical tropical cy-
clone track forecasts— errors versus spread[ ] ]. Mon Wea Rev,
128(12) :4131-4138.

Elsberry R L.,Dobos P H,1990. Time consistency of track prediction
aids for Western North Pacific tropical cyclones[]J]. Mon Wea
Rev,118(3):746-754.

Elsberry R L,Peak J E,1986. An evaluation of tropical cyclone fore-
cast aids based on cross-track and along-track components[]J].
Mon Wea Rev,114(1) :147-155.

Goerss J S,2007. Prediction of consensus tropical cyclone track fore-
cast error[ J |. Mon Wea Rev,135(5):1985-1993.

Ying Ming,Zhang Wei, Yu Hui,et al,2014. An overview of the Chi-
na meteorological administration tropical cyclone database[ J]. ]

Atmos Oceanic Technol,31(2):287-301.



