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Abstract Evaluation of predictability of numerical models for tropical cyclone track was per-
formed using along-and cross-track component. The along-and cross-track bias were useful
indicators that show the numerical models predictability associated with cause of errors. Since
forecast errors, standard deviation and consistency index of along-track component were
greater than those of cross-track component, there was some rooms for improvement in along-
track component. There was an overall slow bias. The most accurate model was JGSM for 24-
hour forecast and ECMWEF for 48~96-hour forecast in direct position error, along-track error
and cross-track error. ECMWF and GFS had a high variability for 24-hour forecast. The results
of predictability by track type showed that most significant errors of tropical cyclone track
forecast were caused by the failure to estimate the recurvature phenomenon.
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Table 1. List of numerical models’ output used in this study.

Model Full name or short description Resolution e Source
bogus agency
GDAPS Global Data Assimilation and Prediction System 25 km Yes KMA
RDAPS Regional Data Assimilation and Prediction System 12 km Yes KMA
KEPS Korea Ensemble Prediction System 40 km No KMA
TWRF Regional Tc-forecasting model based on WRF with GFDL 15 km Yes KMA
type bogussing
ECMWF European Centre for Medium Range Weather Forecasts 50 km No ECMWF
GFS Global Forecast System 100 km No NCEP
JGSM Japanese Global Spectral Model 18 km Yes IMA
TEPS Typhoon Ensemble Prediction System 56 km Yes IMA

Korea Meteorological Administration (KMA), European Centre for Medium Range Weather Forecasts (ECMWF), US
National Centers for Environmental Prediction (NCEP), Japan Meteorological Agency (JMA).
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Fig. 2. Diagram of Consistency index. Black stars indicate a
numerical model’s forecast at 00 UTC, gray stars indicate a
numerical model’s forecast at 12 UTC. Big stars represent
predicted position at a 24-hour intervals and small stars
represent predicted position at a 6-hour intervals.
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Table 2. Mean direct position error of numerical models’ forecast for tropical cyclone track from 2010 to 2013. X, o, N
indicate the mean direct position error, the standard deviation and number of sample cases, respectively. The unit of X and & is
in kilometers.

Forecast Model Mean
time (h) GDAPS RDAPS KEPS TWRF ECMWF GFS JGSM TEPS

X 18.7 18.7 18.7 36.4 18.7 18.7 19.2 19.5 21.1
0 c 31.3 313 31.3 108.0 31.3 31.3 32.5 32.7 41.2

N (399) (399) (399) (399) (399) (399) (399) (399) (3192)

X 114.4 120.9 126.4 126.9 98.9 94.5 89.8* 104.8 109.6
24 c 71.7 85.1 82.1 78.6 148.5 125.1 58.0%* 68.2 89.7

N (378) (362) (375) (379) (326) (374) (375) (381) (2950)

X 221.4 231.9 241.6 245.6 140.2* 162.9 182.7 221.5 206.0

48 c 149.2 198.8 169.9 143.9 106.5* 178.4 130.1 152.2 153.6

N (335) (313) (329) (336) (276) (337) (329) (344) (2599)

X 356.7 391.0 394.5 425.6 228.9* 265.9 304.2 362.5 341.2

72 c 275.3 380.0 311.6 268.1 176.6* 250.8 235.1 273.1 271.3

N (262) (240) (260) 274) (218) (275) (259) (284) (2072)

X 520.4 521.5 661.3 325.0* 386.1 537.9 492.0

96 c 436.1 - 390.0 474.7 257.4* 341.4 - 408.5 384.7

N (193) (188) (210) (166) (216) (220)  (1193)

X 763.3 679.1 1007.8 487.4* 539.7 693.8 695.2

120 c 605.2 - 519.1 841.6 388.5* 434.2 - 497.6 547.7

N (133) (126) (147) (121) (155) (159) (841)

The bold face represents the smallest 3 values and the asterisk (*) represents the minimum value. The italic represents the
maximum value.
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Table 3. Mean along-track and cross-track error of numerical models’ forecast for the tropical cyclone track from 2010 to 2013.
|X], gos, o indicate the mean absolute bias, the value of second quartile and the standard deviation of along-track bias (ATB)
and cross-track bias (CTB), respectively. The unit of values is in kilometers.

Forecast Model Mean
time (h)  GDAPS RDAPS  KEPS TWRF ECMWF  GFS JGSM TEPS

4 83.2 88.4 91.2 83.5 67.0 64.6 61.9% 76.7 77.1

24 qos 479 483 —46.2 7.3 0.7 -10.7 -23.7 -40.3 -26.1

c 95.8 107.0 108.4 107.6  156.3 112.9 77.9% 90.5 107.1

iX] 167.0 180.2 183.8 159.9 95.4* 109.3 140.0 175.2 151.4

48  qos —104.6 -947  -1023 23  -104 -36.9 -62.9 -94.0 —-63.5

c 197.1 235.0 222.9 2158 134.3* 181.7 173.5 201.8 195.3

iX] 288.3 320.7 316.1 3248  174.1* 197.8 252.4 297.0 2714

ATB 72 qos -1339 -1812 -1712 -329  -364 —474  -1265 -1484  —-109.7

c 366.2 423.9 393.7 4216  236.6* 301.5 311.9 364.1 3524

iX] 435.9 433.4 4924  262.2* 293.6 4372 392.5

9 qos —185.6 2147  -105.1 =529 -89.0 2343  -146.9

c 562.4 539.9 659.1  359.1* 433.0 512.2 511.0

X 675.6 585.6 759.8  360.9% 405.5 582.5 561.7

120 qos —261.5 -325.9  -1346 —99.7 -155.3 -315.0  -1253

G 811.4 709.9  1067.9  493.2* 556.8 677.4 719.4

4 62.3 63.7 69.0 76.8 58.8 55.6 51.6* 54.9 61.6

24 qos -133 -9.2 -16.6 -19.7 =163 -13.0 -16.3 -17.7 -153

G 80.5 81.9 91.4 102.1 83.4 106.3 66.1* 72.1 85.5

X 108.4 106.7 114.2 147.2 83.6* 96.7 85.7 96.0 104.8

48 qos -17.2 222 -16.1 —449  -133 -18.8 -20.4 -15.2 -21.0

c 142.1 142.4 154.2 182.0  112.7* 150.6 116.6 131.7 1415

iX] 150.1 165.5 170.7 2062  116.6* 137.0 122.1 142.8 1514

CTB 72  qos -122 -20.3 -9.6 -203 -143 -14.0 -293 -21.0 -17.6

c 194.5 237.2 253.7 2656  161.1% 193.7 163.0 192.3 207.6

X 195.7 208.2 3375 144.6* 188.7 223.1 2163

9  qos 17.7 31.0 873 -18.8 16.5 49 23.1

c 259.7 281.8 447.1  192.9* 267.1 329.9 296.4

iX] 257.6 250.2% 4912 2512 263.5 262.9 296.1

120 qos 24.4 58.2 583  —34.8 0.0 454 25.3

c 355.5 3433 7143 357.0 400.5 339.5% 4184

The bold face represents the smallest 3 values and the asterisk (*) represents the minimum value. The italic represents the

maximum value.
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Fig. 4. Characteristics of the errors using along- and cross-track component of numerical models’ forecast for the tropical
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Table 4. Mean consistency index (CI), along-track consistency (ATC) and cross-track consistency (CTC) of numerical model’s
forecast for tropical cyclone track from 2010 to 2013. The unit of values is in kilometers.

Forecast Model Mean
time ()  GDAPS RDAPS KEPS TWRF ECMWF  GFS JGSM TEPS
24 95.9 95.4 94.4 100.5 86.2 64.8* 65.3 75.5 87.6
48 147.0 157.2 141.8 175.5 118.4 108.5*  114.6 119.8 139.2
Cl 72 226.1 256.8 2015 3234 157.0*  186.9 161.9 196.4 221.9
96 305.2 251.5 4672  207.8* 3064 286.6 323.4
120 379.6 265.4* 717.6  269.0 4672 4135 449.4
24 67.9 65.9 64.1 66.9 59.6 47.4 47.0* 56.7 61.2
48 112.7 114.6 108.6 127.5 84.7 83.2* 88.8 94.0 104.4
ATC 72 184.0 191.8 155.7 244.0 121.0%  151.8 123.4 151.1 171.7
9 231.1 201.1 3357 157.8* 2263 220.2 2429
120 284.3 201.6 557.8  200.1* 3294 316.6 337.9
24 543 54.1 54.9 59.9 49.1 33.2% 353 38.0 494
48 72.0 82.9 67.1 94.5 64.6 54.1* 55.5 56.0 70.4
CTC 72 97.8 124.8 93.1 165.4 78.0* 80.6 79.7 91.6 104.7
9 150.6 109.9 252.3 105.1% 1553 141.3 161.9
120 181.6 121.6* 337.8 148.3 251.1 202.5 2243

The bold face represents the smallest 3 values and the asterisk (*) represents the minimum value. The italic represents the

maximum value.
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Fig. 5. Mean consistency index (left) and relationship between along-track consistency and cross-track consistency (right) of
numerical models’ forecast for the tropical cyclone track from 2010 to 2013.
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Table 5. Errors and standard deviation of numerical model’s 48-hour forecast for tropical cyclone track from 2010 to 2013 by
track type. X, o, N indicate the mean value of direct position error (DPE), along-track error (ATE) and cross-track error (CTE),
standard deviation and number of sample cases, respectively. The unit of X and & is in kilometers.

DPE ATE CTE
Track type N — — —
X c X G X G
SM 519 181.6 115.4 123.3 137.6 106.8 144.9
R 674 229.1 167.7 187.1 215.9 94.8 123.8
NO 998 204.7 146.2 141.2 190.6 113.5 148.0
SCS 116 176.8 107.7 127.6 1424 96.9 118.7

The bold face represents the minimum value and the italic represents the maximum value.

Table 6. The best model, mean error and standard deviation of the best model for 48-hour forecast for tropical cyclone track
from 2010 to 2013 by track type. X, ¢ indicate the mean value of direct position error (DPE), along-track error (ATE) and
cross-track error (CTE), and standard deviation, respectively. The unit of values is in kilometers.

DPE ATE CTE
Track type = — —
Best model X (o) Best model X (o) Best model X (o)
SM ECMWF 137.0 (108.0) ECMWF 82.5 (195.0) JGSM 85.3 (123.6)
R ECMWF 138.8 (77.1) ECMWF 99.2 (126.5) JGSM 71.5(83.2)
NO GFS 144.1 (115.1) GFS 93.2 (120.3) ECMWF 89.9 (116.6)
SCS ECMWF 117.4 (78.5) ECMWF 83.5 (105.6) ECMWF 64.0 (88.2)
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Fig. 7. Median bias of along- and cross-track of numerical models’ 48-hour forecast for tropical cyclone track by track type.

Table 7. Mean consistency index (CI), along-track consistency (ATC), cross-track consistency (CTC) and the best model for

48-hour forecast for tropical cyclone track from 2010 to 2013 by track type. The unit of values is in kilometers.

CI ATC CTC
Track type — — — — — —
X Best model (X) X Best model (X) X Best model (X)

SM 115.8 GFS (82.8) 80.9 GFS (59.3) 65.9 GFS (45.0)

R 156.5 ECMWEF (128.5) 127.7 ECMWEF (93.6) 65.5 TEPS (47.2)

NO 131.4 GFS (100.5) 94.5 GFS (70.6) 71.8 TEPS (55.0)

SCS 216.2 JGSM (94.0) 100.7 JGSM (78.6) 67.7 JGSM (36.2)
The bold face represents the minimum value and the italic represents the maximum value.
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