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Abstract: Operational positioning, track and intensity forecast errors of tropical cyclones (TCs) over west-
ern North Pacific in 2013 are evaluated on the basis of CMA/STI’ s Best-track dataset. Meanwhile, the
systematic biases of both global and regional models in track and intensity forecasts are analyzed. The re-
sults show that the performance of TC positioning is a little better than that in previous years, with an av-
erage error by all methods is 21. 7 km. The average track forecast errors by the subjective methods of each
province or autonomous regions are 80. 2 km (24 h), 143. 3 km (48 h) and 221.7 km (72 h), which are re-
duced by 13.9% ., 13.4% and 20. 9% compared to those in 2012. And the 24 h track forecast error of Na-
tional Meteorological Centre (NMC) of CMA is less than 90 km for the first time. Global and regional
models have steady improvement in the performance of track forecast, however, the models also display
specific systematic biases. The overall performance of statistical forecast method is still better than numer-
ical prediction method in intensity forecast. In the numerical prediction methods, the performance of re-
gional models is slightly better than global models. Some global and regional models also have systematic
biases in intensity prediction. The subjective methods predict well the 24 h landfall location of Typhoon
1308 “Cimaron”, but are not so good for Typhoon 1306 “Rumbia”, Typhoon 1311 “Utor”, Typhoon 1312
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“Trami” and Typhoon 1323 “Fitow”.
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Table 1 TC position errors in 2013 (unit: km)

CMA TMA JTWC KMA | AHATR i 2
ENLIRE 17.1 22.7 23.2 24.3 21.8 20. 9 21.7
FEA 8 514 522 469 524 497 417 /
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Table 2 Average errors of subjective track forecast in 2013 (unit: km)

N 24 h 48 h 72 h 96 h 120 h
IR FEA%  FWBE A% PHIRE MR PHIRZE A% FHIRE BA%K THHE
CMA 416 84. 2 310 138.2 213 211.9 134 319.5 75 557.7
TMA 415 90. 6 309 153.9 212 224. 6 101 381.7 63 555.3
JTWC 407 79. 2 303 138.3 207 197. 1 130 312.0 77 518. 2
KMA 412 91.2 308 143.8 211 224.9 133 370.5 76 605. 8
JTAREMN 91 97.0 65 139.0
b ¥ 32 0L 46 69.9 29 138.1
W EM 184 90. 2 124 148.9 73 274.7
Ao A W 40 53.7 24 89. 4 10 148.9
STV EW 15 94. 2 6 212.0
1575 E W 41 76. 2 27 132.6 15 241. 4
& K 314 79.6 220 132.5 163 178. 2
E[ S 107 240. 4 67 258.9 55 466.0
FWRIE 79 92.5 40 176. 2 11 262.7
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Table 3 Average errors of objective track forecast in 2013 (unit;: km)
] 24 h 48 h 72 h 96 h 120 h
NCEP-GFS 253 66. 6 196 117.5 127 186. 1 84 289. 2 48 431. 4
ECMWE-IFS 206 67.8 153 115. 4 105 188.4 66 289. 1 38 538.8
UKMO-MetUM 203 87.2 151 150. 4 100 224.6 64 332.8 38 553.8
JMA-GSM 413 91.3 309 164. 4 211 245.1
GRAPES-TCM 290 95. 8 207 238.6 136 478.9
CMA-T639 130 102. 4 89 197.5 57 323.3 36 406. 3 20 524.0
ACCESS-TC 200 93.1 148 169. 6 93 285.9
ISR 131 81.8 92 139.5 57 218. 4
KMA-GDAPS 165 110. 1 123 187.3 80 270.5 54 723.2 31 1121. 4
JTNEUE 164 71.9 119 128.8 73 207. 9
HAE A 374 105. 2 274 188.8 184 282.1 108 404.1 57 535.9
TR 19 112.0 10 194. 3
L& RBE 105 115.6 64 186.0
P 42 B 148 134.2 105 252.1 66 367.7
CMA-T213 333 110.7 234 197.0 150 306. 1 90 421.8 51 538.8
KMA-TWRF 136 117.1 97 221.5 62 359. 4 36 607.9 15 1238.5
AR B 332 208. 8 236 456.0 155 696. 8
TR /N = 241 316.9 172 553.7 109 749.1 59 847.7 27 1002. 6
SRR S 389 229. 6 283 509. 7 190 703. 8
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Table 4  Skill score for objective methods on track

forecast in 2013 (unit: %)

24 h 48 h 72 h
NCEP-GFS 68. 84 77.12 73. 21
ECMWE-IFS 69.57 76. 60 73.07
UKMO-MetUM 61.10 68. 89 66. 34
JMA-GSM 59. 36 66. 85 64. 54
KMA-GDAPS 51. 44 62.48 59.61
CMA-T639 58.56 63.09 56. 85
CMA-T213 50.72 60. 84 55.45
ACCESS-TC 59.52 66. 40 57. 88
Ik e 67.95 72.99 68. 00
HAES 53.52 63. 21 61.41
A R 44, 06 55.91 /
GRAPES-TCM 55. 38 43.82 14. 04
R LE B 50. 71 60.07 54,77
KMA-TWRF 50. 44 59. 21 53. 69
T L 22 59. 42 66.91 63.06
TR 53.33 70. 47 /
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Fig. 1 The systematic bias of global models (a) and regional models (b)

[ The numbers with different colors represent the annual average positions

relative to the TCs” centers for each model at each lead time. The radial

axis represents the distance apart from TC center (unit; km)]
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Table 5 24 h forecast errors of landing point of subjective forecast in 2013 (unit: km)
TC 2 1305, 1306 1307 1307 1308 130? 1:’311 ‘1312 1319 1323
5% ik L PV PV R e JukE S PN e
Rl 1 =3 K JTHRA firyeike) BIEH fickeite) BHEA JTHRA fiyee) JTHRAE ficheise)
(VA B i T LT L E BrAL T FERTREY XA FH PG & e T il T ST
CMA 141.1(21) 49.9(15) 55.6(19) 48.4(20) 147.5(19) 12.4(13) 56.8(20) 42.4(24) 174.2(24) 73.6(23)
JTAFEM 238.5(15) 116.3(18) 90.1(19) 306.5(8) 170.3(13) A 86.4(20) 5.4(18) 176.8(24) B
| 6 3= W B B 65.5(19)  3.1(20) B B B 5.4(18) 171.4(24) B
WiV &M 171.2(21) 40.9(12) 78.5(19)  0.0(20) 118.1(19) 5.8(13)  94.4(20) 59.7(24) 176.7(24) 82.9(23)
[EEcE B B 22.2(19) 27.3(20) 197.3(13) B B 5.4(18) 170.1(24) 2.2(1D)
FUPEEM 108, 1(15) 66.4(21) B B 253.3(13) 12.4(16) 17.0(8) B A B
B =W B 148.6(13) B B 225.6(13) 0.0(15) 41.4(20) B 16.5(0) B
& KT 234.1(21) 113.8(23) 57.9(19) 5.4(20) 178.3(19) 58.7(14) 68.3(20) 35.6(24) 171.9(24) 2.2(23)
JMA 234.2(21) 24.3(18) 87.8(19) 57.4(20) 162.7(19) 100.3(15) 51.0(20) 19.9(24) 171.0(24) 36.8(23)
JTWC 179.1(21) 130.7(12) 25.7(19) 49.2(20) 186.2(19) 122.9(23) 77.9(20) 35.5(24) 176.6(24) 31.0(23)
KMA 178.7(21) 119.9(14) 83.6(19) 15.6(20) 111.9(19) 34.1(11) 76.0(20) 14.8(24) 226.0(24) 9.3(23)
TFWRILE 143.5(21) 163.6(17) 13.2(7D) B 164.6(19) 34.1(11) 33.7(20) 2.2(0)  173.1(24) B

T ARBESR AT 24 h WG Bl s B TC OB BRHT 24 h P9I TUES R s 35 5 v 19 BB D 32 41 I 18] RO 1 TC % Jifi i [8] £ 412 i A0 ) CRRLAz < b

4 TC 98 WO 23
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P, 6 MBI (ECMWF-IFS,NCEP-GFS, UK-
MO-MetUM, JMA-GSM, CMA-T639 #l KMA-
GDAPS)24.48.72.96 F1 120 h ;a1 4o % 5 2% 45
Wk 7.91.12.20,14. 53,14, 49 F1 14.50 m = s ',
ARG O M BUE L 1 & KB ACCESS-
TC # GRAPES-TCM) 24 .48 1 72 h - #) 4 %} 1%
LAY RIH 6.47.8.26 F1 10. 06 m » s~ ', MIEESS
WF 2013 AEGE TR 77 1% 1 iR B T4 8% 1R 1 fig 477
G T RUE A AR BUE A DX S Y i
o A1 1 fE D I T A BRA A

F6 0B FEENFMAERERE(RM:m-s™")

Table 6 The intensity forecast errors of subjective methods in 2013 (unit; m « s™")

24 h 48 h 72 h 96 h 120 h
TEAR FY R OBA FY R OBA FH BER BRI MR BEAR P BHR REA
w®E REE oo xRz oo RE Bz BooORE O Bx BoORE O Bx B
CMA 4.67 6.16 416  6.91 9.02 310 7.60 9.64 213 7.02 9.43 134 8.15 10.09 75
FPHREM 420 5.62 91 5.55  7.29 65
WiTLEMW 4.59  6.15 184 7.02  8.99 124  7.26  9.05 73
IMA 5,43 7.18 404  8.28 10.89 300 10.05 12.8 208
JTWC 3.82 5.14 407 6.03 810 303 6.87 9.33 207 7.34 10.51 130  8.26 11.15 77
KMA 5.11 6.84 404 7.83 10.21 300 8.78 11.1 205 817 10.38 132 9.54 11.30 76
FWRXE 3.99 5.06 79 6.97 9.07 40  10.55 12.21 11
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Table 7 The intensity forecast errors of objective methods in 2013 (unit: m « s™')
24 h 48 h 72 h 96 h 120 h

i k24 Ty B REA S PR By MEA S P BOriR MEA S P HOrR BEA S P BOrmR FER
NCEP-GFS  6.71 9.02 259  9.28 12.02 196 10.38 13.3 133 8.01 10.09 84 6.60 7.96 48
ECMWE-IFS  9.71 12.35 205 13.29 17.36 153 15.49 20.13 105 15.97 20.22 66  17.24 20.91 38
UKMO-MetUM 8.58 10.88 203  13.35 16.34 151 15.77 19.49 100 14.89 18.90 64  15.08 18.39 38
JMA-GSM 7.43  9.73 413 12.44 15.66 309 14.62 17.89 211

KMA-GDAPS 8.00 10.72 165 13.82 17.69 123 17.15 22.02 80  18.06 21.56 54  16.90 20.79 31
CMA-T639  7.02 9.28 130 11.03 14.70 89  13.81 18.41 57 15.53 19.61 36 16.70 18.84 20
GRAPES-TCM 7.39 9.34 290 8.36 10.82 207 10.04 12.88 136

ACCESS-TC  6.19 8.31 200 9.39 12.08 148 10.52 13.56 93

TN B fE 5.51 7.89 164  8.30 10.87 119  9.63 12.11 73

FERER 6,79 8.60 105  6.98 8.76 64

PV A ML 4.32 5.60 131 6.60  8.35 92 7.09  9.27 57

WIPS 5.75 8.10 177  8.95 12.48 129 10.56 13.67 79
/N  5.21 7.35 241  7.85 10.17 172 9.25 11.77 109 10.36 13.03 59  13.81 16.02 27
SRR 5.57  7.20 318 8,17 10.81 231 9.43 11.80 114
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Table 8 Skill score for subjective and objective

methods on intensity forecast in 2013 (unit: %)

24 h 48 h 72 h
CMA 16.14 20. 50 26. 46
JTAREM 22. 32 32.61 /
IMA 2.75 4.41 —0.40
JTWC 27.00 16. 83 18. 14
KMA 9.44 10. 34 13. 80
HWRILE 44.19 25. 35 5.71
GRAPES-TCM —43. 48 —2.26 0.93
JTVE AL 2 10. 16 7.07 25. 14
IRPLE ¢ 6.93 3.76 9.36
i B KR —26.00 —6.98 /
WIPS 3.32 0.23 0.48
IR/ — T 5.19 1.96 14. 36
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Fig.2 The error distribution of maximum wind for global models (a) and regional models (b) and

the error distribution of minimum pressure for global models (¢) and regional models (d) in 2013

[ The upper and lower limits of the boxes represent the third (75%) and the first (25%) quartiles of the biases,

the bars at top and bottom of boxes represent 90% and 10% , the median of biases is denoted

by a horizontal bar inside the box, the circle dots represent the outliers ]
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