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Error Analysis on the Forecasts of Tropical Cyclones
over Western North Pacific in 2011

CHEN Guomin TANG Jie ZENG Zhihua
Key Laboratory of Typhoon Forecast Technique, Shanghai Typhoon Institute of CMA, Shanghai 200030

Abstract: Operational positioning and forecast errors of tropical cyclones (TC) over the western North Pa-
cific in 2011 are evaluated. The evaluations are performed on the TC’s positioning, the deterministic track
and intensity forecasts, and the track ensemble prediction. The results show that the TC average opera-
tional positioning error is 24. 9 km. The average errors of domestic integrated track forecast in 24 h, 48 h
and 72 h are 112. 6 km, 209.7 km and 333. 6 km, respectively, which are 121. 4 km, 220.1 km and 380. 5
km for numerical weather prediction (NWP) models, and better than those of 2010. However, the results
also show that the NWP intensity forecasting capability is still weaker than objective methods. ECMWEF
ensemble prediction system (EPS) shows the best performance among the 7 EPS methods, followed by
NCEP EPS, occasionally, these two systems have near and even beyond subjective track forecast level.
CMA-GEFS EPS was located at the middle level.

Key words: tropical cyclones, forecast, ensemble prediction system (EPS), error analysis
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Table 1 The deterministic forecast methods involved in TC evaluations in 2011
SN E ARG B 20 AR TAONG JEF 52 10 5 15 Z: 05tk L RO B 2 19 05 1
WAE B 7 22 ek BT 2 BAE PR EXEpRS (S URrS B iR
TRALRE hks LA [ e st hRE JUVG 4 Je s fE
(faj R g ) JARA R i KR IARE i dmc 7 — 3 b KU
AT i) FPEEfE % GRAPES-TCM EES WIPS GRAPES-TCM
(TR PR H A
HESZT fiilids) Lk Q) JTWC TCSP INELE QI
(] P 3t 1) WLA LT HE i T639
EEKA G N L& HA%UE iRl o [ B
B A HALES HALES
(RFR JTWE) LA IR o [ ol H A (e
bt B A EN 7w T v B W 0 BB
A4 TR 58 1L H 7 T639
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AT
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TCSP: P4 IR 4 JA U8 3t 22 /A% e 88 1k T80 2

Note: GRAPES-TCM: GRAPES typhoon model of Shanghai Typhoon Institute; T639: The T639 model of National Meteorological Centre;
WIPS: WNP TC intensity prediction system; TCSP: Persistence of climate of WNP TC intensity prediction.

R2 2011 FENMATSHRBETENESTMA &

Table 2 The ensemble forecast methods involved in TC evaluations in 2011

£t WAL BREE L e TR & A B TR B4/ h
HRERELEHOLES CMA-GEFS 15 21 0~120 (6 h Al f)
W h ) R AR 0 RS ECMWF-GEPS 51 21 0~120 (12 h A k@)
PP 378 81 - LNV Sy NCEP-GEFS 21 18 0~240 (6 h [
meE ks % RES MSC-CENS 34 15 0~216 (6 h Al f)
WEALRES UKMO-MOGREPS 24 19 0~360 (12 h A k&)
HA—JRIES JMA-WEPS 51 21 0~216 (6 h [l fF)
HAGRES JMA-TEPS 11 21 0~132 (6 h [l F#)
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Table 3  Positioning errors of TC (unit: km)

ENL 2011 4F 2010 4F 2009 4
Tk OB B2 REAR R BN B
kg 435 20. 7 241 17.0 520 15. 8
H A 417 27.4 240 20.7 501 16.0
JTWC 390 26.9 240 20. 0 164 20.1
i [ 453 25.7 239 21.7 508 17.9
et TR 432 32.2 208 18.8 148 17.3
AATAR 452 17.0 214 20. 7 391 15.7
FHRZE )/ 24.9 / 19.8 / 17.1
s e 42 ) NN
3 P AR T HRORS FE TR
3.1 FHEEIRE
KA WM TN TC E ¥R R 225 T

Tda 2011 E£E8EF

PR BT IR 2 /N T 145 km, 48 h AS#83d 280 km, 72 h
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(283 ¥R, 5 2010 4E 48 b (43 91 & 113. 0,209. 3 1
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72 h B AT B B R 22 43 i O 121, 4 km
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Ne ERASEEB A 24,48 Fi1 72 h PR B IR
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EAE T HARSE 24 .48 F1 72 h V-3 BE B iR 2241
Mg 119. 6 km (458 ¥, 201. 9 km (382 ¥k) A
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() 24 .48 F1 72 h PR B [ AEAS HO AL R (R < H
ABARL 53 S0 L AR Ry T 48 B 81 ) N BSC(E A =X 1 R
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Table 4a The average errors of integrated track forecasts in 2011 (unit: km)

24 h 48 h 72 h
BHOTE 50 mReR THRE AR BRGH THRE  ARANR B FRRE
s 21 439 122.3 21 358 199.5 21 283 289.3
I 12 77 104. 9 10 63 184.6
F#E 8 43 112.9 7 38 215.3
wEs 4 29 102. 4 4 25 188. 1 3 17 330. 9
WIT G 2 26 97.5 2 19 231.3 1 11 450. 6
L& 3 10 141.9 2 5 277.7
IS 7 25 102. 4 4 15 192.1
mAE, 21 359 116. 4 21 284 189. 2 21 265 263. 4
EES 21 478 132.4 17 318 192.4 14 248 294. 1
JTWC 18 160 128.1 18 386 191.1 16 326 258.5
i [E 21 425 118.5 21 358 193.9 21 284 292. 6
E[FE 24 12 139 251.3 12 81 247.9 13 71 668.0
il 8 69 91.4 7 11 139. 8 4 21 228.7
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Table 4b  The average errors of objective and NWP track forecasts in 2011 (unit: km)
L 24 h 48 h 72 h
BTk BRAE BUEHRRE FHRE S AR BERREL THIRE AR BHKE TEiRE
IR A 6 36 107.9 5 26 202. 1
- 14 207 97.5 13 176 189.5 11 130 320.5
T35 M 2% (5] 7 15 144.8 7 12 230
e E B 19 245 135.8 18 209 219. 2 16 165 319.7
7N BUE 21 195 99.0 21 149 186. 3 21 109 325.3
HA 4 21 459 135.7 21 395 240. 3 21 332 361.8
H A B 21 458 119. 6 21 382 201. 9 21 304 292.0
T THE 2 18 164. 3 2 14 190. 6
GRAPES-TCM 21 356 108.5 21 296 238. 2 21 214 435.6
A R 21 270 126.1 21 236 265. 9 21 193 438.8
T639 8 69 110. 1 8 56 227.9 7 42 365. 4
B ¢E 21 402 115.4 21 346 211.5 21 276 337.3
[VSUIRSRRIN 13 139 63.1 13 121 127. 4 10 98 208. 6

%2/ 12,0 km (165 %) .15, 9 km (127 %K), Hl
69. 1 km (92 Y 5 1M P 0 Z{E A8 2K EL A O 3412
I 250G I R AR S 2 B R 22 /) 36. 1 km (125
%) .76.1 km(96 ¥ I 160. 9 km(69 3D . B4k, 7¢
SNV I = A F W7k s BRI AT 24 A
48 h Hiiffe - BB B IR R SR

3.2 BpESmR

2011 ARIEA T A G PRl e 5 il 3k L He
5 BB 2 NEREAR (R 5) . A LRa B Ts
i 24 h Bl SRR ZES TR 5. EASEWIT ik

G TR 1117 S g8 O — OB kD) Al
1119 55 Je ks 1 B i i o DAL P9 45 32 00 7 3k 1 % il
i R CHD B 7 vk TR B 4R TC 8 Bl ik BB L TC
SR E RER BT LY 100%) EBR R RETTRE
BIRE T 90 %, IR BRI TC -2 %5 i 1 F 4 1%
25000 39,7 F1 75,9 km,  Ho AR DY K B K %A K
A 5t B Bl S IR R 2E R H AR LT JT-
WO [ S4T85S 43 31 o 70 % .60 26 il
70 %0 BBl A TR 5 22 43 0 O 59. 9.56. 2 Fl 73. 0
km B fli i R TS RR 2E B rp e G 2 25

2011 4F 7 A%l TC vy B/ A & 27 5 07 1k 5t

24 h OB Bl S PR R 22 FEARTE 120 km LATF, Horph

1 1035 Ry J 2% P51 5 75 1 A Sk 1) 68 Bl i P4
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Table 5 The 24 h forecast errors of landing point of integrated forecasts in 2011 (unit: km)

TC %5 1103 1104 1104 1105 1108 1111 1111 1117 1117 1119
Y L L[ R T
5 Jili JUARI kR 128 T JIRRIN IMRRK WBEXE GEAR WEEE BEXE RGN BEAIT

g &5 53.7(23) 64.7(22) 59.6(20)  A(xx) 19.2(21) 71.8(24) 36.5(24) 0(24) 52.1(19) 0(22)
IR E 45(23) 84.4(22) 185.4(14)  B(xx) 36.1(21) 97.4(18) 44.5(24) 60.9(18) 63.6(13) 65.8(4)
LG 53.7(23) B(#x) B(*x) ACxx) BCxx)  45.5(18)  B(xx) B(#x) BC#x ) B(#x )
wmEa 18.5(17) B(*x) BCx*x) BC*x) BCxx)  63.9(18) 33.6(24) 92.3(24) DB(xx) B(xx )
IS 53.7(23) 68.3(22) 55.5(14) B(xx) 7.321D) B(xx) 36.5(24) 16.3(18) 116.9(13) 53.5(16)
H A 52.5(23) 49.2(22) 68(20) A(xx) 352D B(#x ) B(xx) 23.9(24) 121.6(19) 66.6(22)
JTWC 21.7(23) 27.4(22) 70.9(20)  ACxx)  71.8(21)  B(xx) BCxx) 23.2(24) 122.2(19) ACxx)
i [ ACxx) 8.2(22) 180.3(20)  ACxx)  26.1(21) 61(24) 58.7(24) 58.3(24) 118.7(19) A(x*x)
ML B(#x) B(#x) BCxx)  B(xx)  B(xx)  62(18)  B(xx)  B(xx)  B(xx)  B(xx)
ik ACxx%) 65.1(22) 235.1(20)  BCxx)  41.1(21) 141C0) 41(24) 9.1(24) 29.9(7) ACxx)
ZEAHE N 55(23) 27.7(22) 84.9(20)  ACxx) 108.9(9) 123.2(24) 46.5(24) 19.8(24) 121.4(19) A(x*x)

TE ACRBESERAT 24 h FUAOE [l 5 B B WO B AT 24 b P T8 T 205 58 4 5 P9 BB D SR 41 I 18] RS T 65 X8R i FF 6] 99 2 i 0F (8] Ch) 5 s ol FORBEFRHT 24 b
ARG Il CAD B % Bl AT 24 b P JG B4 45 2 CB) SOMIS T 6 X6k Rt F 15] 1) $4 i 0[] 6 9% 7S

Note: A: not predicting the typhoon landing within advanced 24 h; B: without forecast results within 24 h before typhoon landing; the number in bracket

is the advanced time to TC landing; ** :

24 h before typhoon landing (B), the leading time before the typhoon landing can’t be shown.

when a method does not predicting the typhoon landing within 24 h (A) or there is no forecast results within
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5.1 FHEHERE
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Table 6a The typhoon intensity forecast errors of integrated forecasts in 2011
24 h 48 h 72 h
Fas pr DB ey T ey TR e
g P gy FAREC GBS0 Ly BN Ly BUSC L HAK
/% /% /%
e i 4.3 66. 4 5.7 381 7.0 69. 06 9.1 320 8.1 71.88 10. 3 256
R E 4.9 67.16 6.5 67 7.9 61.11 10.1 54
EEN 3.9 60. 97 5.0 351 6.4 69.92 8.0 266 6.9 74.77 8.7 214
JTWC 4.2 62. 46 5.8 355 6.4 70. 69 8.2 290 7.3 76.73 9.1 245
i 4.3 64. 1 5.7 376 6.9 71.57 8.8 299 8.0 77.64 10.1 237
7k 2.9 61.9 4.1 42 6.9 33.33 8.0 21 11.7 16. 67 13.4 6
F6b 2011 EFEVMBEMRA ERETRIRE
Table 6b The typhoon intensity forecast errors of objective and NWP in 2011
24 h 48 h 72 h
J5 ik T4k i o4 el
#F PE Ty IR e Ty IR e T g IR
2 Y R 2% %/, R w2 Y 2
SO R A 3.5 60.71 4.6 28 5.3 47.37 6.6 19
e FHHUE 6. 4 36.76 8.4 185 8.6 41.83  11.3 153 10.5  44.07  13.1 118
T EE 4.9 47.59 6.2 145 7.8 59.63 9.2 109 10.4  58.75  12.6 80
HALS 4.8 4T.44 6.7 352 7.9  57.05 10.8 298 10.1  65.29  13.3 242
H A8l 5.1 52. 66 6.9 357 8.9 58.22  11.7 292 11,0 63.04  14.3 230
TR /N T 4.3 70.96 5.7 365 6.2  78.16 8.2 316 6.7  82.31 8.9 260
GRAPES-TCM 4.4 46.67  17.4 285 16.9  54.74  20.3 232 17.0  64.2  20.6 162
i A R 6.6  53.06 8.3 245 8.0  62.04 10.1 216 9.6  70.69  12.1 174
T639 6.8 37.93 8.1 58 10.3 40 12.1 45 12,2 41.67  14.7 36
WIPS 5.1 67.5 7.5 160 6.9  74.47  10.0 141 7.9  77.88  10.2 104
Jb 50 K 6.1  41.29 8.1 373 8.7  51.58 11.9 316 10.9  58.89  14.3 253
TR H s 5.3 50. 39 6.8 127 8.4 50.45  10.4 111 10.6  57.78  12.7 90
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Fig. 1 The average distance errors of each ensemble prediction

system from 12 h to 120 h in 2011
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Fig. 2 The relative differences of homogeneous errors between ensemble

prediction systems and CMA subjective forecast

[ The abscissa presents the period of validity and the ordinate the relative difference of homogeneous errors,

the upper and lower limits of the boxes present the third (75%) and the first (25%) quartiles of the relative

difference, the median of errors is denoted by a horizontal bar in the box, the upper and lower limits

of the solid line present the maxima and minima of non-outliers ]
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Fig.3 The same as Fig. 2, but comparisons between ensemble prediction systems and JMA subjective forecast
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