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Abstract: The accuracy of typhoon location and intensity estimation, as well as the accuracy of typhoon
track and intensity forecasts, is verified for the 26 named typhoons over the Northwest Pacific and the
South China Sea in 2024. The forecast methods that are verified include subjective forecast methods, nu-
merical weather prediction (NWP) models, statistical forecasting methods, dynamical-statistical forecas-
ting methods, multi-model ensemble forecasting methods, and Al-based weather prediction (AIWP) mod-
els. The results show that the overall mean error of typhoon location estimation by the five official typhoon
forecasting agencies was 22. 3 km, and the overall mean absolute error of typhoon intensity estimation was

!, The performance of 48 h and 72 h typhoon track forecasts by the National Meteorological

2.0m = s
Centre (NMC) of China Meteorological Administration reached the highest level in records. Among global

NWP models, ECMWEF-IFS exhibited the best performance in typhoon track forecasts. The AIWP model

* ESGRR R G KBTI RHE & R G T (2024KIFZ10) (b {5 1 & RITF S B2 A B0l 55 2% & 00H: 6 0T H (2026]B09) |
of S 4 5 5 50007 BT BA (& RUFT BA) (CMA2023ZD06) Fil |3 11T S 4 J5) & RUEE 38 A1 BA 34 [ %% Y
2026 4F 4 A 15 HUkHis 2026 47 H 13 HiKBE R
B—AEH R, EEE G TR R H A 5T . E-mail: yangmq@ typhoon. org. cn



%9

B BLAE 2024 AF P4 b0 KV R R U8 S RUTHRORS B2 1T 1143

“Fengqing” achieved track forecast performance comparable to ECMWF-IFS within 96 h lead time, and

slightly outperformed ECMWF-IFS with 60 h to 96 h in advance. The intensity forecast performance of

NWP models and dynamical-statistical forecasting methods was superior to that of ensemble prediction sys-

tems and ATWP models. Specifically, AIWP models systematically underestimated the typhoon intensity.

Key words: typhoon, accuracy verification, location estimation, intensity estimation, track forecast, inten-

sity forecast
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Table 1 Methods for TC verification in 2024
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Table 2 Estimation errors of TC location and intensity by official typhoon forecasting agencies in 2024
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Table 3 Mean errors of TC track forecasts in 2024 by subjective forecast methods (unit: km)
BEHOE
BRI/ 546 RETE I
# & REHGER 12 h 24 h 36 h 18 h 60 h 72 h 96 h 120 h
hi 544 CMA BB R 47.9 (464)  67.0 (400)  88.9 (349) 106.2 (304) 127.4 (262) 154.7 (221) 256.1 (154) 410.0 (95)
Eﬁ HAS S IMA A REERA 52,6 (390) 70,7 (411) - 107. 4 (306) - 152.9 (231) 244.5 (150) 423.9 (94)
I
;ﬁ%li EEBEAARER DL JTWCERLEER 513 (377) 69.6 (347) 90,2 (310) 1097 (280) - 174.9 (214) 279.2 (154) 438.9 (89)
n
_” HES 4T KMA &R % @R 56,3 (427) 78,8 (379)  99.1(332) 112.8 (289) - 159.5 (224) 254.1 (154) 428.9 (93)
FEELEL HKO & U 4% 5 i - 58.1(292) - 96,0 (235) - 152.8 (183) 251.0 (127) 412.6 (79
T 49.5(392) 66,7 (347)  87.1(308) 104.8 (269) 125.1 (228) 149.4 (192) 254.8 (135) 387.7 (84)
L 43.6 (151) 58,0 (123)  79.2(94)  93.1(70) 114.3 (49) 141.6 (35) 223.8 (1)  484.8 ()
B "% 39.0 (162) 56,5 (163) 72.3 (129) 95.5 (125) 127.5 (93) 157.0 (78) 250.5 (48) 308.5 (25)
5% Wi CMA B REBHESAE 45,180 70.9(TH)  99.9(66) 1203 (53) 135.0 (39) 161.9 (26)  252.6 (2) -
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Fig. 1

Annual mean errors of TC track forecasts from 2008 to 2024 by

(a—c) subjective and (d—1{) objective forecast methods
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Table 4 Mean errors of TC track forecasts in 2024 by objective forecast methods (unit: km)

YA , T A
12h 24 h 36 h 60 h 72h 84 h 9 h 108 h 120 b
CMA-GES  59.1(419) 80.4 (373) 99.8 (331) 119.7 (293) 152.5 (257) 180.9 (219) 229.3 (186) 297.7 (155) 382.4 (128) 465.0 (103)
NCEP-GFS  48.0 (405) 64,9 (363) 8.2 (324) 113.4 (200) 139.9 (257) 181.6 (225) 226.4 (194) 275.5 (163) 329.1 (132) 399.0 (105)
SRR ECMWE-IFS  40.2 (414)  55.3 (374) 740 (333) 95.3 (295) 118.0(259) 148.3 (228) 193.1 (198) 229.8 (82) 279.4 (67) 361.0 (51)
UKMO-MetUM 47,9 (207) 66,5 (185) 85,6 (164) 1020 (143) 118.0 (127) 154.2 (110) 188.9 (95) 253.7 (79) 326.3 (59) 415.3 (44)
IMA-GSM 44,8 (417)  62.3 (369) 86.6 (326) 114.6 (289) 146.3 (254) 190.1 (221) 246.9 (190) 305.3 (155) 368.5 (120) 444.2 (95)
SHTM 15,01 (203) 59.1(180) 73.3 (157) 912 (139) 115.0 (123) 149.6 (107) 193.6 (93) 255.4 (78) 3419 (63) 476.3 (48)
A CMA-TRAMS  43.7 (420) 58,3 (372) 82.5(329) 1048 (293) 133.0 (256) 176.6 (223) 225.1(95) 315.2 (80) 438.2 (65) 593.6 (51)
CMATYM 54,2 (419) 747 (372) 97.5(328) 120.8 (201) 153.8 (257) 200.4 (221) 270.1 (188) 349.5 (149) 460.6 (118) 607.1 (96)
HWRF 56.8 (300)  77.1(268) 102.8 (239) 132.0 (215) 158.7 (188) 198.8 (164) 245.1 (137) 297.3 (110) 330.1(89) 391.3 (72)
-G B ANNGA 47,3 (413) 63.2(367) 87.1(309) 105.1(279) 131.1(225) 164.4 (199) 209.0 (164) 273.9 (136) 396.3 (104) 505.9 (85)
SSTC 36.7 (422) 54.2.(370) 71.0(333) 7.3 (294) 107.7 (259) 136.0 (228) 177.5 (196) 236.7 (163) 306.8 (131) 399.9 (106)
LA T FJOP 12,5 (142) 626 (131 80.7 (119) 105.9 (103) 138.6 (90) 167.7 (77) - - - -
JSPC 12,3 (152) 61,2 (125)  80.4 (97)  100.6 (70) 126.6 (50) 157.9 (33) - - - -
AIFS 14,8 (422) 538 (376) 70.7 (333) 87.5(295) 106.8 (260) 137.4 (228) 167.0 (196) 193.9 (164) 213.4 (134) 239.2 (108)
FourCastNet  53.7 (200) 78.4 (179) 113.6 (160) 153.5 (141) 220.0 (124) 289.5 (108) 376.3 (94) 4817 (79) 551.1(64) 635.4 (51)
. GraphCast  47.8 (178) 57.4 (157) 71.1(138) 87.8 (120) 107.1(105) 130.9 (90) 163.7 (80) 226.7 (69) 303.3 (59) 334.0 (48)
N“iu 3 49,8 (20) 57.1(181) 713 (159) 96.3 (139) 113.0 (122) 1445 (107) 181.0(92) 234.7 (79) 307.2 (64) 432.2 (51)
e A 47,0 (199) 52,0 (178) 619 (158) 83.0 (140) 99.5(123) 135.1(107) 174.7(93) 232.8 (80) 3119 (65) 462.1 (52)
% 5772000 72,4 (177) 89.9 (156) 112.1 (137) 126.9 (120) 143.3 (105) 169.9(92) 210.9 (78) 236.9 (62) 296.6 (49)
& 49,5 (208) 56,4 (185) 79.1(164) 7.4 (144) 1119 (127) 141.2 (111 166.9 (97) 227.4 (82) 266.4 (66) 352.0 (52)
SWARMSEN 445 (126) 59.6 (115) 77.4(100) 100.5 (87) 125.0 (76) 157.4 (67) 211.8 (58) 282.7 (49) 349.5 (40) 479.5 (33)
ECMWE-EPS  36.5 (389) 53.3 (344) 71.6(305) 92.9 (271) 116.5 (239) 145.2 (208) 186.8 (178) 239.7 (146) 302.8 (116) 395.2 (91)
Y NCEP-GEFS 47,0 (351) 669 (310) 9.3 (270) 116.5 (238) 148.8 (207) 196.3 (177) 256.7 (147) 335.1(120) 430.4 (95) 572.2 (73)
UKMO-EPS 539 (363) 72.7 (322) 92,4 (284) 113.9 (251) 141.1(222) 1810 (195) 222.0 (168) 277.0 (140) 335.6 (114) 425.9 (91)
IMA-GEPS 46,7 (393)  70.3 (347) 95.2 (306) 123.1(271) 153.5 (237) 201.2 (206) 257.3 (175) 318.2 (143) 400.5 (114) 495.9 (91)
MSC-CENS  68.1(180) 92.8 (160) 126.5 (140) 157.9 (124) 202.3 (107) 262.6 (92) 339.5 (76) 449.0 (62) 5723 (49) 682.3 (39)

VA5 5 BB AR BEAR B B A 5 — 7SRRI 7 ¥ 2R A TT KA Xk O I 2500 1 5 DXL 8% A TR 000G 5 02 2 01 B Btk - CMIA 65 Ul (i A2 i 4
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Table 5 Mean absolute errors of TC intensity forecasts in 2024 by subjective forecast methods (unit; m « s™')

T It 5%
il /R4 6 19 2 8
B L/ R h RETFER 12 h 24 h 36 h 48 h 60 h 72 h 96 h 120 b
o LEEE 2] CMA R EpsZ 3.4 (464) 4.5 (400) 5.6 (349) 5.9 (304) 6.2 (262) 6.4 (221) 7.7 (154)  10.4 (95)
EJJX_?L HAS LT IMA AR ERZ  3.2(388) 4.2 (397) — 1.9 (288) — 5.6 (208) 7.0 (141) 9.1 (81)
%%& FEBEAAGNER DL JTWCERL S ER 3.4 (377 5.1(332) 6.0 (310) 6.4 (279) — 7.0 (214) 8.3 (154)  10.4 (89)
m@ B E 54T KMA &R0 @ 2.2 (427) 3.2 (379) 4.0 (332) 4.3 (289) - 5.2(224) 6.3 (154) 8.1 (93)
HHRXE HKO & Rl % & - 4.3 (29D - 5.8 (234) - 7.0 (182) 8.1 (126) 10.8 (79)
" i 3.4(392) 4.5 (347) 5.6 (308) 6.0 (269) 6.5(228) 6.9 (192) 7.9 (135) 10.3 (84)
v
% 4.1(162) 4.9 (163) 6.3 (129) 6.7 (125  7.1(93)  7.0(78) 8.0 (48) 11.0 (25)
St M: CMA & Rt g2 _
. Hii 3.6 (84)  3.2(74)  3.8(66) 4.1(53)  4.6(39)  4.3(26) 9.5 (2) -
=
I - 3.6 (32) - 6.9 (22) - - - -
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Fig. 3

Annual mean absolute errors of TC intensity forecasts from 2011 to 2024 by

(a—c) subjective and (d—1f) objective forecast methods
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Table 6 Mean absolute errors of TC intensity forecasts in 2024 by objective forecast methods (unit: m « s™')
o—— ' bﬁ?&ﬂm’zﬂ
12 h 24 h 36 h 18 h 60 h 72 h 84 h 96 h 108 h 120 h
CMA-GFS 7.4 (419) 7.4 (373) 7.6 (331) 8.5(293) 9.0(257) 9.2 (219) 9.5 (186) 10.6 (155) 11.6 (128) 12.1 (103)
SR NCEP-GFS 5.6 (405) 6.4 (363) 6.8 (324) 7.0 (290) 2.(257) 7.4(225) 7.6 (194) 7.6 (163) 8.2 (132) 9.5 (105)
. ECMWEF-IFS 2 (414) 8.3 (374) 8.6 (333) 9.2 (295) 9.6 (259) 9.7 (228) 10.3 (198) 11.0 (82) 10.9 (67) 12.1 (51)
B UKMO-MetUM 6.4 (207) 7.6 (185) 8.9 (164) 10.0 (143) 10.8 (127) 11.5 (110) 12.0 (95) 12.0(79) 12.3 (59) 12.2 (44)
IMA-GSM 7 (417) 6.5 (369) 7.9 (326) 8.4 (289) 8.7 (253) 9.5(220) 10.7 (187) 10.8 (154) 10.8 (119) 12.6 (95)
SHTM 5.9 (203) 6.0 (180) 6.2 (157) 6.5 (139) 7.7 (123) 7.6 (107) 7.7 (93) 7.3 (78) 8.3 (63) 9.8 (48)
X 3 5 CMA-TRAMS 4.5 (420) 6.7 (372) 7.7(329) 7.6(293) 7.9 (256) 8.7 (223) 8.8 (95) 2(80) 11.7 (65) 16.1 (51)
B CMA-TYM 5.2 (419) 5.8 (372) 6.7 (328) 7.3 (291) 7.8 (257) 7.6 (221) 7.3 (188) 2 (149) 9.3 (118) 10.5 (96)
HWRF 4.8 (300) 5.6 (268) 6.0 (239) 6.2 (215) 6.9 (188) 7.3 (164) 7.2 (137) 8.8 (110) 9.2 (89) 10.8 (72)
éhjjigﬁér ANNGA 4.1 (413) 4.9 (367) 5.9 (309) 6.0 (279) 7.1(225) 7.2(199) 7.9 (164) 8.3 (136) 11.1 (104) 12.0 (85)
BRIy %
Q‘Eizfﬁ WIPS 7.1(326) 9.7 (283) 13.5(249) 13.6 (223) 10.6 (195) 11.2 (146) - - - -
AIFS 7 (422) 12.5(376) 13.2 (333) 13.7 (295) 14.2 (260) 14.7 (228) 14.7 (196) 14.9 (164) 15.1 (134) 15.1 (108)
FourCastNet  12.9 (200) 14.1 (179) 14.5 (160) 14.8 (141) 15.0 (124) 15.1 (108) 14.8 (94) 14.8 (79) 15.1 (64) 14.5 (51)
. GraphCast 10.7 (178) 12.1 (157) 13.4 (138) 14.4 (120) 15.4 (105) 16.8 (90) 17.2 (80) 2(69) 16.9 (59) 16.3 (48)
AI W%%U Wi 12.1 (204) 14.0 (181) 15.0 (159) 15.9 (139) 16.8 (122) 17.6 (107) 18.3 (92) 8.5 (79) 19.1(64) 19.3 (51)
B J(REA 12.5 (199) 13.9 (178) 15.2 (158) 16.2 (140) 17.5 (123) 18.8 (107) 19.6 (93) 19.9 (80) 0.5 (65) 20.7 (52)
R 9.7 (200) 13.0 (177) 14.4 (156) 15.3 (137) 15.9 (120) 16.5 (105) 16.4 (92) 16.2 (78) 16.9 (62) 16.8 (49)
Fly 13.1 (208) 14.0 (185) 15.3 (164) 15.1 (144) 16.2 (127) 16.1 (111) 16.3 (97) 16.1 (82) 16.5 (66) 16.3 (52)
SWARMS-EN 5.8 (126) 6.5 (115) 7.1 (100) 7.4 (87) 8.3 (76) 8.1 (67) 7.8 (58) 2 (49) 9.1 (40)  10.1 (33)
ECMWEF-EPS 7.8 (389) 8.2 (344) 8.5(305) 9.0 (271) 9.4 (239) 9.9 (208) 10.4 (178) 11.0 (146) 11.5 (116) 11.8 (91)
AR NCEP-GEFS 6.3 (351) 6.9 (310) 7.4 (270) 7.8 (238) 8.2(207) 8.4 (177) 9.2 (147) 10.2 (120) 11.6 (95 13.5 (73)
EX UKMO-EPS 9.5 (363) 11.5(322) 13.2 (284) 14.6 (251) 15.5 (222) 16.4 (195) 17.2 (168) 17.7 (140) 18.0 (114) 17.8 (91)
JMA-GEPS 9.8 (393) 11.0 (347) 12.3 (306) 13.1 (271) 14.1 (237) 14.8 (206) 15.5 (175) 16.2 (143) 16.6 (114) 16.8 (91)
MSC-CENS 11.5 (180) 12.7 (160) 13.4 (140) 14.0 (124) 14.7 (107) 15.5(92) 16.4 (76) 16.5 (62) 17.5 (49) 17.3 (39)
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