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Abstract: This paper assesses the accuracy of operational position and intensity estimation as well as the
accuracy of track and intensity forecasts for the typhoons over the Northwest Pacific and the South China
Sea in 2025. It has been found that, in 2025, the mean error of typhoon position estimation and the mean
absolute error (MAE) of typhoon intensity estimation made by the National Meteorological Centre (NMC)

', respectively. The accuracies of position and intensity estimations by the

were 13.5 km and 1.1 m » s~
NMC were superior to those of other official typhoon forecasting agencies, including the Japan Meteoro-
logical Agency and the Joint Typhoon Warning Center. The mean errors of 24 h and 48 h typhoon track
forecasts by the NMC were 56. 6 km and 95. 8 km, respectively, and the MAEs of 24 h and 48 h typhoon
intensity forecasts were 3.6 m+*s ' and 4.9 m » s ', respectively. Thus, the performance of NMC’s ty-

phoon track and intensity forecasts with lead times of 24 h and 48 h reached the highest level on record.
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For Al-based weather prediction (AIWP) models, however, the 95th percentile track forecast errors were

generally larger than those of numerical weather prediction (NWP) models at short lead times, but smaller

than those of NWP models at long lead times. Correcting the typhoon intensity forecasts of AIWP models

with an adaptation model can reduce the underestimation of AIWP models for typhoon intensity and

improve the accuracy of typhoon intensity forecasts.

Key words: typhoon, location estimation, intensity estimation, track forecast, intensity forecast, assess-

ment of typhoon forecast accuracy
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Table 1 Official typhoon forecasting agencies and objective forecasting methods in 2025
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Table 2 Location and intensity estimation errors by official typhoon forecasting agencies for typhoons in 2025
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Table 3 Mean errors of typhoon track forecasts by official typhoon forecasting

agencies and provincial meteorological observatories in 2025 (unit: km)
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%ﬁ“:ﬁ?&%n REIHER 12h 20 h 36 h 8 h 60 h 72 h 96 h 120 h
FRE4E CMA GXURHERKE  43.8 (533)  56.6 (463)  73.3 (395) 95.8 (328) 123.3 (274) 157.1 (225) 275.6 (147) 452.9 (84)
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Fig. 1 Annual mean errors of typhoon track forecasts by (a—c) official typhoon forecasting

agencies, and (d—{) objective forecasting methods from 2008 to 2025
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Table 4 Mean errors of typhoon track forecasts by objective forecasting methods in 2025 (unit;: km)
T A
kA .
12h 24 h 36 h 48 h 60 h 72 h 84 h 96 h 108 h 120 h
CMA-GFS 55.6 (465)  73.9 (411)  97.3 (356)  130.1(306) 167.2 (264) 217.2 (220) 280.8 (180) 373.6 (144) 516.7 (111)  683.5 (83)
- ECMWE-IFS 41,9 (459) 55,2 (408)  70.8(357)  90.1 (308) 118.5(262) 150.6 (219) 194.8 (179)  250.7 (68)  333.8 (53)  441.1 (40)
iﬁg{\ JMA-GSM 47.0 (459)  69.6 (412) 94,7 (360)  123.8 (311) 155.8 (262) 187.9 (222) 231.1(186) 276.9 (152) 328.7 (122)  404.3 (93)
1 4t 15
NCEP-GFS 45,1 (406)  63.4 (361)  83.1(316)  110.9 (271) 145.0 (230) 189.4 (190) 244.9 (157) 314.6 (128) 397.1(101)  485.9 (76)
UKMO-MetUM 45,1 (231)  63.7 (203)  79.7 (174)  97.9 (150)  119.2 (123) 146.0 (100) 196.1(83)  262.7 (69)  368.4 (51)  492.3 (39)
” CMA-TYM 52,2 (464)  73.4 (411)  96.6 (358)  128.6 (306) 169.9 (261) 220.2 (222) 289.8 (184) 387.0 (151) 511.3 (118) 672.7 (87)
oy
;}igﬁ CMA-TRAMS 42,6 (440)  59.0 (390)  77.8 (340)  98.9(290) 130.2 (246) 168.2 (207)  215.6 (86)  291.7 (70)  368.8 (55)  473.2 (39)
1 4 15
SHTM 40,9 (219)  54.6 (193)  62.7 (170)  T71.6 (145)  88.2 (122) 111.8 (102)  146.8 (84)  190.9 (68)  276.7 (51)  334.9 (38)
SEA R SSTC 35.0 (450)  53.3 (401)  68.8(352)  85.8(308) 109.9 (263) 141.8 (223) 184.2 (184) 243.1 (146) 300.1 (116)  376.1 (88)
ﬁﬁ%ﬁj;%@‘ﬁi FJOP 57.1(138)  70.5 (127)  84.3 (115)  108.5 (101)  129.3 (84)  149.2 (67) - - - -
4 & 4t
" JSPC 43.1(174) 584 (147)  TL8 (121) 94,1 (100)  128.1(79)  178.3 (61) - 257.7(33) - 442.2 (15)
g4t . o e . \ ) N e e
TIT ANNGA 41,8 (455)  56.3 (402)  77.2(331)  96.3 (282)  134.6 (229) 181.6 (193) 237.0 (151) 322.2 (122) 404.3 (87)  490.5 (69)
W R I8
Wi 54.9(209)  63.6 (185)  77.6 (163)  91.3 (140)  123.5 (118)  156.0 (96) 00.1(78)  251.4 (62)  328.8 (47)  407.5 (33)
JER 50.6 (202)  67.1(180)  78.3 (158)  97.8 (137)  119.3 (117)  146.0 (96)  189.1(79)  247.4(63)  370.3 (49)  477.3 (35)
Al % 717 (211)  81.5 (186)  86.2 (164) 7(145)  117.1(127)  147.4 (107)  183.6 (90)  218.7 (74)  289.4 (58)  356.4 (43)
b%*ﬁ*ﬂ i 58.3(205) 72,4 (180) 85,4 (156)  93.0 (135)  114.6 (116) 127.3 (96)  161.5(80)  202.3 (65)  256.6 (50)  328.7 (37)
S |
AIFS 43.9 (456)  53.7 (405)  69.7 (356)  83.3 (308)  100.2 (263) 118.0 (222) 148.3 (186) 185.5 (152) 257.0 (120)  318.6 (91)
FourCastNet 59.1(212)  94.3 (188)  130.9 (163) 180.1 (141) 246.5 (120)  316.7 (98)  392.4 (82)  436.9 (65)  544.9 (50)  727.4 (37)
GraphCast 49,2 (197)  57.5(174) 66,0 (152)  87.1 (134) 117.7 (114) 149.0(93)  190.1(76)  252.8 (61)  353.1 (45)  467.8 (31)
SWARMS-EN 43,4 (209)  61.4 (184) 84,3 (158)  109.2 (136) 146.2 (116) 192.1 (101)  246.1 (85)  300.8 (70)  346.7 (55)  447.5 (44)
R ECMWE-EPS 36,4 (217) 52,4 (191)  66.0 (166)  83.7 (144)  114.7 (123) 7.7.(106)  213.3 (89)  274.5(74)  350.0 (59)  409.4 (47)
1
ﬁ;g NCEP-GEFS 41,0 (238)  61.3 (210)  80.6 (184)  101.6 (160) 132.5 (140) 170.4 (120) 212.3 (102)  244.9 (84)  286.5 (66)  369.3 (48)
I UKMO-EPS 49.0 (420)  71.1(373)  92.0(323)  114.2 (278) 143.5(239) 182.4 (205) 236.3 (172) 310.4 (140) 413.9 (113)  532.1 (89)
IMA-GEPS 49,0 (434)  76.4 (382)  104.1(330) 135.7 (285) 174.8 (244) 219.2 (210) 270.3 (178) 328.6 (149) 394.0 (120)  469.1 (95)
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Fig. 2 Box plots of typhoon track forecast errors by (a) NWP models and (b) AIWP models in 2025
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Fig. 3 Joint distributions of ATE and CTE with different lead times by (a—e) official forecasting agencies,

and ({—x) objective forecasting methods in 2025
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DTG R 24.48.72.96 1 120 h [ 5%
TR~ 34 46 XF 1% 2% X A] 43 i A 3. 1~3.9.3. 9~
5.7.4.2~6.2.4.8~6.9 f15.2~7.7m s
(£ 6), 2025 4F, 5 5 4 24~120 h & Kk B
THARORS B2 R T 25 BB 5 RVE R o . AR D A5

JE LA 158 22 8 AR Fa #2025 4EH 7 B KT HL G 1Y
S T4y 2t X 1% 2 5 K 2024 AR BT R B B T 3R K
HENE ML Z A, HoAl w7 & KR HLAL 1Y
24 h 5 48 h 3 BE WU Y8 B B B Py sk A oK CF
(K 4a~4c),

RS 2055 H5EHFAKNMBNAMNENRIRSE 24 h BREFEATIRIRE
Table 5 Forecast errors of typhoon landfall locations within 24 h by official typhoon
forecasting agencies and objective forecasting methods in 2025
ERAEA 5B A B i TR 1 22 X i T4 15 22 SR TR M 5 B 0 T

(B X545 [ /km A KL/ km Wor kg A~
W4 (2501) ;ﬁrﬁ%ﬁﬁ 8~90 62 15
AN 6~74 60 1
ERCE P 2~211 85 20
FHE 2 (2504) VLR MR Sk 0~82 38 1
WiV B & 0~118 34 0
F 11 (2506) TR S 17~245 118 0
P4 (2508) Aﬁm‘]mﬂe%k& 14~1099 131 0
[ 78 Bt 2~166 24 0
BHI2511) ﬁj(gﬁlj el 22 0
i g i 3~94 21 0
B (2516) JARE 0~90 27 2
KA (2517) IR 14~317 64 0
TR R S 16~167 76 1
HEIN V> (2518) IR A 4~109 39 6
IR 9~957 59 3
. . JTAREM 0~90 59 0
25z 7 7 B 2~108 23 0
RUJEL(2526) R 41~142 22 0

TR RSV AEA IR TR 3.3 4 LG BRI 2 WLB A AR 7 3, B0 81 A B v o B AT TR R 22 GE T LA B
B Il A T AR 5 244 TR D 0 Dy AN o I 8 B TR R 2 R AN S IR R AR ST

R6 2025 FEAANBBINMMEARSKANAENBEMB LA IRE (B :m - s7")

Table 6 Mean absolute errors of typhoon intensity forecasts by official typhoon forecasting

agencies and provincial meteorological observatories in 2025 (unit: m + s™')

BRI/ K46 e o TR A
TSt D) REHFER 12h 24 h 36 h 18 h 60 h 2h 9 h 120 h

- S %4a CMAGEMERE 2.8 (533) 3.6 (463) 4.5 (395) 4.9 (328) 5.2 (274)  5.5(225) 6.2 (147) 6.8 (84)
¥ HARRT  IMAGRURMERE 2.7 52 3.7 (40D) - 1.5 (285) - 5.1(200) 5.8 (142) 5.6 (9D
z; ;?ﬁ? JITWC &R % &5 2.9 (419) 3.9 (356) 5.1 (322) 5.7 (278) - 6.2 (189) 6.9 (123) 7.7 (76)
Pl s ESST  KMASRLSER 2.2 (1500 3.2.(400) 3.7 (344) 3.9 (299) - 4,2 (219) 4.8 (152) 5.2 (96)
g FWRILE  HKO &R 5 & i - 3.1(285) - 4.4 (207) - 5.1(140) 6.0 (83) 7.5 (36)
o IR 3.1217) 3.8 (190) 4.8 (163) 5.0 (134) 4.9 (105) 4.9 (79) 5.8 (37) 13.7 (9
sy i 2.8 (420)  3.5(372) 4.4 (325)  5.0(277)  5.2(236) 5.3 (197) 6.1 (130) 6.4 (74)
o Wit CMA & MEfEfE 3.0 (93) 3.6 (82) 4.4 (70) 4.6 (51) 4.8 (38) 5.7 (28) 8.0 (9) -

K i} - 3.8 (41) - 4.8 (24 - - — -

TE G5 A REAR S BT A 5 — 7% R0 % BRI R £ KU BE SR ST R .

Ph CMA & KU £ B% 12 2080 45 o JE Uk, 2025 4F
T T Ty vk 1 B R BE TR ST 24 4 0 iR 25 R
B T A X A - 4 0 0 5% 22 ) 22 S B T
ARFROGEIMER.H 24 hily4~6 m - s " RE
120h )y 5~12 m » s ', HH,NCEP-GFS (96 h

PLAD T SHT M 48 3 4 i 2550 F) ~F- 249 248 36 3¢ 22 355 ik AH
XA /PN o HL V32 246 X0 1% 22 B T I 003 A X 2% 18
(£ D,

Hi 7 Al L, R EREUE B B . NCEP-GFS
1E 72 h A Y 5 RE T4l 3 B B A ECMWE-TFS &
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Fig. 4 Annual mean absolute errors of typhoon intensity forecasts with different lead times by

(a—c) official forecasting agencies, and (d—1f) objective forecasting methods from 2011 to 2025
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Table 7 Mean absolute errors of typhoon intensity forecasts by objective forecasting methods in 2025 (unit; m « s™")

, R
LR ; ,
12h 24 h 36 h 48 h 60 h 72h 84 h 96 h 108 h 120 h
CMA-GFS 6.3 (465) 6.6 (411) 7.1(356) 7.7 (306) 8.3 (264) 8.3 (220) 8.4 (180) 8.7 (144) 9.0 (111) 8.5 (83)
- ECMWE-IFS 5.5 (459) 5.7 (408) 5.8 (357) 6.1(308) 6.0 (262) 6.4 (219) 6.2 (179) 6.1(68) 5.9 (53) 5.2 (40)
;iﬁifﬁ JMA-GSM 4.4 (459) 5.3 (412) 6.3 (360) 7.5 (311) 9.0 (262) 9.6 (222) 10.3 (186) 9.9 (151) 9.3 (120) 10.7 (93)
n b
NCEP-GFS 3.8 (406) 4.1 (361) 1.8 (316) 5.2 (27D 5.5 (230) 5.8 (190) 6.2 (157) 6.3 (128) 7.4 (101) 8.9 (76)
UKMO-MetUM 5.5 (231) 6.5 (203) 7.8 (174) 8.6 (150) 9.2 (123) 9.3 (100) 9.3 (83) 9.0 (69) 7.8 (51) 7.4(39)
. CMA-TYM 4,7 (464) 4.9 (411) 5.7(358) 6.4 (306) 7.3 (261) 7.2(222) 8.0 (184) 8.3 (151) 8.8 (118) 7.9 (87)
X 13
;ég% CMA-TRAMS 3.8 (440) 5.4 (390) 6.4 (340) 6.9 (290) 8.0 (245) 9.1 (206) 9.7 (86) 10.7 (70) 10,9 (55) 11.7 (39)
n b
SHTM 4.4 (219) 4.2 (193) 1.9 (170) 4.9 (145) 5.6 (122) 5.6 (102) 6.2 (84) 6.2 (68) 5.8 (51) 6.2 (38)
Q 1 el
ﬁgzj& WIPS 4.7 (287) 8.8 (278) 11.0 (248) 9.6 (227) 9.3 (211) 8.6 (139) - - - -
Zj]j]iﬁﬁ— ANNGA 3.3 (455) 3.7 (402) 4.7 (331) 1.8 (282) 5.7 (229) 5.8 (193) 5.5 (151) 5.9 (122) 8.0 (87) 8.9 (69)
MREL
Wi 5.8 (154) 6.1 (135) 6.0 (117) 5.5(99) 5.6 (84) 5.0 (68) 5.4 (5%) 5.8 (43) 6.1(32) 0.8 (23)
JRE] 11.3 (202)  12.3 (180)  13.1(158)  13.5(137)  14.3 (117) 15.2 (96) 16.0 (79) 15.8 (63) 16,4 (49) 17.1 (35)
s ki 8.7 (21D 11,7 (186) 12,9 (164) 13,3 (145)  13.1(127)  13.1(107) 12.9 (90) 11.9 (74) 11,5 (58) 11.4 (43)
/{\;;z 4y 11.7(205) 12,2 (180)  13.5(156) 13,0 (135)  13.4 (116) 12. 8 (96) 13.2 (80) 11,9 (65) 12.8 (50) 1.9 (37)
(B
" AIFS 10,2 (456)  11.0 (405)  11.6 (356) 12,0 (308)  12.2(263)  12.2(222) 12,0 (186)  11.3 (152)  11.0 (120) 10.7 (91)
FourCastNet 11,5 (212)  12.1(188) 12,4 (163)  12.5 (141)  12.5 (120) 13.0 (98) 12.9 (82) 12.0 (65) 11. 8 (50) 10,9 (37)
GraphCast 9.7 (197) 11,0 (174) 12,0 (152) 12,0 (134  12.4 (114) 12,5 (93) 12.5 (76) 11.7 (61) 12.5 (45) 12.5 3D
SWARMS-EN 3.7(209) 3.9 (184) 4.2 (158) 4.5 (136) 4.7 (116) 5.3 (101) 5.4 (85) 5.8 (70) 6.5 (55) 6.2 (44)
) ECMWE-EPS 4.2 (217) 4.5 (19D 4.9 (166) 4.9 (144) 5.2 (123) 5.2 (106) 5.0 (89) 4.9 (74) 4.9 (59) 5.1.(47)
%;g?& NCEP-GEFS 5.3 (238) 5.8 (210) 6.3 (184) 6.6 (160) 6.7 (140) 6.5 (120) 6.3 (102) 6.6 (84) 6.8 (66) 6.4 (48)
m UKMO-EPS 7.6 (420) 9.3 (373) 10,6 (323) 11,6 (278) 12,0 (239)  12.1(205) 12,0 (172) 116 (1400  11.1(113) 10. 3 (89)
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