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Abstract: According to the Regulations on Typhoon Operations and Services (CMA, 2024), 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 western North 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) were 13.5 km and 1.1 m's™, respectively. The accuracy of
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position and intensity estimation by the NMC were superior to those of other official typhoon
forecasting agencies, including the Japan Meteorological Agency (JMA) and the Joint Typhoon
Warning Center (JTWC). 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 MAE 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 typhoon
track and intensity forecasts with lead time of 24 h and 48 h reached the highest level on record.
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, position and intensity estimation, track forecast, intefsity forecast,
assessment of typhoon forecast accuracy
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Table 2 Position 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
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AR, AT A AT ST o I R U AT 2 1 U AR S T X P AT & XU A Tl
AL 2L Al L RREENS B & MR TR ZE , BEXIANR & Kt 3k AN R SRR %
AR PRIIIRETT CERFIERRE, 20260 .

3.2 HITiES
2025 4, KB G RIERAE ZHER T7EAE TR RFSH% 24 hy 48 h & 72 h
TR T VE ) RELERYS, B 56 XNIHRNIY 24 h £ I50F 08 20 it . F <
RE 24 h HI510F5> ~ 78.3 %, 48h N 78.9%, 72h Ky 73.8%. HUFHIK7i%H, SHTM Al
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AIFS 1] 48 h F1 72 h £ 15F 47152 80 % LA L

FESERR G RO 55 TR RE A, 2 TR i SR I TR R Ja IR AT 65 X
AR, 225 E RN ZI BT CEE K&, 20210 o GIanTR &+ i
20 IFHIAEARK 24 h (6 R ERAE S SREETURIN , &2 IR T AR BRE 12 h, A4 T
R AT S I 2L TIR T3 72 AR 2009 24 R A T 08 I, S PRS0 T a0 P 2 WL TR U7 i
36 h IR TR ™ bt AT o b (BkAriges, 2014)

NT e B VAL TR A TR VA I G RS R TR GT IEK T, BL 2025 =4 EREE
TR ECMWRF-IFS JuE:E, WE 77 &6 R TRIRNLIA KA 1) 24, 48, 72, 96, 120 h EE42 T
55 ECMWEF-IFS 1] 36. 60. 84. 108. 132 h 42 TR AT FIREA LR, THH0XT B
FIGPE . 5 R 2025 4, th SR & 24.48.72.96.120 h 42 TR AH LT ECMWEF-IFS
)36+ 60, 84. 108. 132 h B TNR MIFLTIVPE KN 22.7 % 21.7 % 208 27.7 %
30.4 %, LAk, RS G E PIEEAXTT ECMWEF-IFS [ B8 42 TR B I5 1T , EW
IR a5 00, SR B TR O & TR i 1T I 83T 7 & i

3.3 LZAEEIR
CREVPETRPR A AW 2, IR ER .
IFi) R AHRE fE‘ﬁi’&IE&UH~4£E@$HX¢?%1I%%Z§?£E§
0.2, 0.3. 0.1. 0.1. 0.1 KM E, LIPCKRMEFFH]—RE
48 h — R LEEVEE R bR 73 04% 0.4 F1 0.6 HIALEE FEAT AL
ES %, 2024)

%, AT 0.2,
B, X 24h A0

R AP IS AL, TR BARE L T IRARE L A RRE
05, FLBRAR O BE A 3 32 245 23 T IR SR IG 1 R Gtk
VIRV ZHERIFR, SERHZAT 2R AL IREA, JRE

3.4 Bt R TIREE

2025 LA 10 M & WERERE, 40708 2501 5 & X “Hit”  C&Rf 2 O . 2504
SERE X PHIBL”  CERE 30O L 2506 S E K “FIE” CERE 1RO . 2508 5 H R AT
TE” CERE 2K . 2511 SERGR W7 CERE 2 0O L 2516 S A “HESE (B
19k « 2517 Sam#hviy MGk OKREE” CERE 1K) 2518 SHEE K “Hnyb”  CERE 3
PO\ 2521 FERE K “E MM CERE 2 k) 12526 SilEnR AR " CERE LK .

Bt IR B G KITIE 24 h B8R SR, 450 ER 2 NS AR EMR K. 45
B3R5 GiTEER, 2506 5 G R “CHMT BRI S 2508 S A “OTHE” EWHL
FH AR KR B 1) 24 h B i o5 AR AR 2 TP AL B e S e, 40 Bk 118 km. 131 km, 28 100 km.
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“H” T AR AR S SR N F ISR ARG, B2 AR IR R AR i
R IRMRTE T R s, BRI R SR I AL 200, SHUFI TR VA TR )
BRESED T EBE RPN, 24 h B S TIRRZETL RN 17~245 km. TR
TR EREE S 5 R B E ARV ST, B B R R KR, HERERTR sh T S W
YL ZR BB 45 Ab- V0 g 7 TR AR R 2R SR A 40 16° SRR TR 5 92 U A 8 ol s 7 56 7 TV
FHI VLIS 285, 24 h B S TRR Z2 V5 BN 14~1099 km. 524 KR /N RS HhE R
MR, & KB Bl 5 75 6 B AR I A AR L AR, el TR B B LB 5, BT M Ll B 5 AR )
VET P I 2 AU B i B X . M2 R, 2511 SERE R “am”
B ERENNE, s iR S5 RERMLIN 75° , H 24 h B S HidR iR 2GRN 2~
51 km, HALECKN 22 km, HLATA 31 ANTRIT VLIRS IR BB A AR IR D

2025 FEIBAFAE ST IR A . 2501 5 &K “IIE” SRR AR T, Wl BHR ik

FIBEAT 20 h WRERE, HATNETR & XL R va v, 2504 5 ¢ i G
730 A =7p 2 — TR IERRET 22 h &M, HR=7102 @71 URSREs
PE AT o

ERAREIRAM], 2025 SR 2 HE X, 24 h B R TR R i iR 22 AL

AT 21~85 km 2|,
+ 5202556 ammmmxugwmﬁma\»

Table 5 Forecast errors of typhoon landfall locations within 24 b iGi recasting agencies
and objective forecasting methods i

G RAFR R BRETIRZEE BRI ZE TR BBl
(G RIS RTHERA (km) Bk g (A
AR 8~90 AIFS 15
K (2501 JAREM 6~74 I Pi%ES . UKMO-MetUM 1
B 2~211 FengQing 20
FHE 22 (2504) LI Sk GraphCast. FengWu 1
ERARITRAS ECMWEF-IFS 0
F0 (2506) T IRBHVT HERR 1 TLHRERE  TLHRERE 0
. RIRIRERIIE & FHRLE. Llsss 0
TIwE (2508) il E JTWC. ECMWF-IFS 0
BEER VLHEEE YL Wilsis 0
(2511) A o L
e e 21 A TR 0
BEE (2516) 27 AR R A A 2
KR (2517) 64 CMA-TRAMS 0
76 LA LA E 1
MeInyh (2518) 39 GraphCast 6
59 G RFTR AE BR 3
p 59 ECMWEF-IFS. FengQing 0
gl (2521) }
e 23 g AR, AIFS 0
KB (2526) 22 WrELZS . PRARE 0

4 PR BTN 2 WU E PE TR VA, S 3L AN i

e REGT AR

4 B XG0 TR BE VP g

4.1 BETIRIRE

PL& 5K A M s A2 mb 45 5 s oy v, 2025 4FE 7 G XMFHRALE (P58 4.
AERGIT EEBA G RERF O, HESRT) 24h, 48h, 72h. 96 h F1 120 h (158 T
% MAE X [a)43 518 3.2~3.9m's '\ 3.9~57m's '\ 4.2~6.2m's ' 4.8~6.9 m's 'l 5.2~7.7
m-s! (R 6) . 2025 4, HRSREG 24~120 h & KGR TR R T LB A & X
Oro FRE DA 90 B T R 22 VAR a3, 2025 4R B 5 5 MUTIRALI ) MAE 8% 2024 4FF
Frr B, BT RERE G RERF LA, HAME TG XTRNE T 24 h 5 48 h BTk
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VAR G0 sk (B 4a—c) .
R 62025 £EHFENFRIAMEESR SN E NBE TR THEHRE

Table 6 Mean absolute errors of typhoon intensity forecasts by official typhoon forecasting agencies and
provincial meteorological observatories in 2025

TR SR & s " THAR A 20

O s AT 12 24 36 48 60 72 9% 120
" FRSRE CMA GRAERERE 2.8 (533) 3.6 (463) 4.5 (395) 4.9 (328) 5.2 (274) 5.5 (225) 6.2 (147) 6.8 (84)
Ji HASZT  IMA G RERERKRE 2.7 (352) 3.7 (407) - 4.5 (285) - 5.1 (204) 5.8 (142) 5.6 (91)
i XEB A JTWC & Rulk % 58 5 2.9 (419) 3.9 (356) 5.1 (322) 5.7 (278) - 6.2 (189) 6.9 (123) 7.7 (76)
i R ' ' ' ' ' ’ ’
Bl HESL)T  KMA GRS ER 2.2 (450) 3.2 (400) 3.7 (344) 3.9 (299) - 4.2 (219) 4.8 (152) 5.2 (96)
] FRLE  HKO RS i — 3.1 (285) — 4.4 (207) — 5.1 (140) 6.0 (83) 7.5 (36)
) IR 3.1 (217) 3.8 (190) 4.8 (163) 5.0 (134) 4.9 (105) 4.9 (79) 5.8 (37) 13.7 (9)
% kg 2.8 (420) 3.5(372) 4.4 (325) 5.0 (277) 5.2 (236) 5.3 (197) 6.1 (130) 6.4 (74)
i Wit CMA & R tE 1% 3.0 (93) 3.6 (82) 4.4 (70) 4.6 (51) 4.8 (38) 5.7 (28) 8.0 (9) -
i i - 3.8 (41) - 4.8 (24) - - - -

Ve SRETHCFSAARE, BAL mesT S5 RONEAY, Bh A H5 - R

at P
8
(a)24h (€)72h

7
i n
® 6l s
B E
X, X
E z
73] &
B 2 'S

14

0

012 2006 2020 2024

MA —— HKO

18

()48 h (H72h
164 164
Fare T 14]
2, Ep
T 10 % 10

= ]

84 ]
& g °
\5‘ 6 & 6
Byl B 4]
24 24

0 T T r T 0 - - : - r . y

2013 2017 2021 2025 2013 2017 2021 2025

T E f
V— CMA-GFS —8— CMA-TYM —#—HWRF —»— CMA-TRAMS —¥— SHTM

Kl 42011— 5C) BT TR (d—F) ZTHRTT A RTINS R 48 & KU TP 24 26

PP

Fig.4 Annual mean absolute errors of typhoon intensity forecasts with different lead times by (a—c) official
forecasting agencies and (d—f) objective forecasting methods from 2011 to 2025

PLCMA & K % 2 5 42 A HE, 2025 A2 WL TIR 5 L 1) & X GGE B T4k MAE K51,
B TR AR 580 B Tidl MAE 1) 22 57 il IO B 253K T 36 K, H 24 h (1) 4~6 mes 4 K% 120
h 1) 5~12 m's™. Hr, NCEP-GFS (96 h LA 1 SHTM & Tk I 24 1) MAE 3 AH X} 45
/N, H MAE BETRES ROE K AR 2218 (R 7D .

EBRBUE FIRAR L 24 h 582 ik MAE [X 8] 4.1~6.6 m's ™, 48 h A 52~8.6 m's,
72h 4 58~9.6m's', 96h 5 6.1~99ms"', 120h 5 52~10.7 m's'. IREE TR
i, NCEP-GFS 1t 72 h WHIBEE BRI, ECMWF-IFS 7£ 72 h DL ERIIRE,
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ECMWF-IFS 120 h MAE {52 m's™ (R 7) o XIEE TR 24 h 58 FiIR MAE [X
6N 4.2~54m's, 48h N 4.9~69m's!, 72h N 56~9.1 m's?, 96h>N6.2~10.7 ms™,
120 h 4 6.2~11.7 m's™ o XIREE PRI, SHTM £ 24~120 h 58 Tk R M AL, 24
hMAE 4 42 m's™, 120 h 2~ 6.2 m's™ o F: T AL EIVPALEUE TRk 520 2025 47 58 B2 iR () &
GitkwZ (KB 5) , Hr ECMWF-IFS Al CMA-GFS 7£ 72 h N 28 i HY s BEA AL 1), e TR
I} 5O K AZ A ) SR TR S . T IMA-GSM X I8 AR A . (SHTM. CMA-TYM A1
CMA-TRAMS) NITE 72 h DL ER L SR E m i m (B 5a) o 5 2024 FAHEL, HfE Pifkas
3R TR MAE i/ S8170, MAKHAEAR ARG, B TR A 2 5 B Tl 4 A
EE 2017 2Bl T RORHRETE, (HIL/E MAE K 2ELRRSE FRFIES, B 2017 F LR RIS
BB e (& 4d—F) .

) 71-G Tk 248 ANNGA 7 96 h F2 DL PN IS R 174 o B i e I HH BH DR 3%
48 h. 72h 196 h ) MAE 237N 3.7 m's*. 48 ms'. 5.8 m's'fl 5.9 msp
T2 BB kAR =

, H 24 h,
Thif M B

HA4 T2 MAE 22519 4.5 mes 1 3.9 m-s 1, 120 h 435 "S§: NCEP-GEFS
] MAE &2 ; UKMO-EPS £l IMA-GEPS f£] MAE #H % %5
593mst, 120h A 103 ms™.

IEEER Al SRR 6 KGR L TR P K R 52 3
R, Al GBI & KGR R GERA. E2A MR, A% E

TP, MELLZIE &

EJIAE, SEU™HEALA, & KRR
B REREER A, B R GH0KH
XE " 1 B R E TR AT 1T IR I,

(Subich et al, 2025) . %}%di4
CMA & X fE % 12 it St
YE R 55356 5 B R R

§'m s S AR MAE 1 ECT9T 1IE RTINS 42~60 %,
RN/ 50 %, “KIE” RAE ARG %

£ 72025 ERBUTIRAFEN S RIBE IR FEHETRE

Table 7 rrors of typhoon intensity forecasts by objective forecasting methods in 2025
Tk 2h/h
J5 kAR
12 24 36 48 60 72 84 96 108 120

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)
ECMWF-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)

AERHE
B IJMA-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)

DR T\
NCEP-GFS 3.8 (406) 4.1 (361) 4.8 (316) 5.2 (271) 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) 7.987)

X IR
SN 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)

R T
SHTM 4.4 (219) 4.2 (193) 4.9 (170) 4.9 (145) 5.6 (122) 5.6 (102) 6.2 (84) 6.2 (68) 5.8 (51) 6.2 (38)

it sk

P WIPS 4.7 (287) 8.8 (278) 11.0 (248) 9.6 (227) 9.3 (211) 8.6 (139) — — - —

-Gt

Ty ANNGA 3.3 (455) 3.7 (402) 4.7 (331) 4.8 (282) 5.7 (229) 5.8 (193) 5.5 (151) 5.9 (122) 8.0 (87) 8.9 (69)

12/16



Tl Z/h

TiiEB R
12 24 36 48 60 72 84 96 108 120
FengQing 5.8 (154) 6.1 (135) 6.0 (117) 5.5 (99) 5.6 (84) 5.0 (68) 5.4 (55) 5.8 (43) 6.1 (32) 5.8 (23)
FengWu 11.3(202) 123 (180) 13.1 (158) 135 (137) 14.3 (117) 15.2 (96) 16.0 (79) 15.8 (63) 16.4 (49) 17.1 (35)
” FuXi 87(11) 117 (186) 12.9 (164) 13.3 (145) 131 (127) 13.1 (107) 12.9 (90) 11.9 (74) 115 (58) 11.4 (43)
’}%\;Z’Z Pangu 117 (205)  12.2 (180) 135 (156) 13.0 (135) 134 (116) 12.8 (96) 13.2 (80) 11.9 (65) 12.8 (50) 11.9 (37)
AIFS 102 (456)  11.0 (405) 11.6 (356) 12.0 (308) 12.2 (263) 122 (222) 12.0 (186) 11.3 (152) 11.0 (120) 10.7 (91)
FourCastNet 115(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) 110 (174) 12.0 (152) 12.0 (134) 12.4 (114) 12,5 (93) 12,5 (76) 117 (61) 125 (45) 125 (31)
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)
P ECMWF-EPS 42 (217) 45 (191) 4.9 (166) 4.9 (144) 5.2 (123) 5.2 (106) 5.0 (89) 4.9 (74) 4.9 (59) 5.1 (47)
sy 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)
UKMO-EPS 7.6 (420) 9.3 (373) 10.6 (323) 11.6 (278) 12.0 (239) 12.1 (205) 12.0 (172) 11.6 (140) 11.1 (113) 10.3 (89)
IMA-GEPS 7.7 (434) 8.7 (382) 9.6 (330) 10.1 (285) 10.4 (244) 10.4 (210) 100 (178) 3 (149) 8.6 (120) 7.6 (95)

Fe REUHLL CMA & RUSHEB BRI 308 P40 k22, Shz: m- st 575
“ =7 FIORARIS G R G G R SCEAT AR 4

o A S

X
=
=
(=}

5| T CMAGFS  EEN UKMO-MeUM BN CMATRAMS  (a) 5o | - aws BN FengQing  EEE FuXi (b)
1 NCEP-GFS [ IMA-GSM B CMA-TYM [0 FourCastNet [ FengWu IS Pangu
401 @0 ECMWF-IFS  EEE SHTM . 404 E GraphCast
30 - 30
T 201 sl ] w204 ! :
E 104 Eoq e i
@04 | g 0443 ced 8 *v P “_I#i_ o gt gk g #:_ t
o¥ iy
e -10 1 1, ox-10 i * : ++'
T M See haz] 1 . .
=204 e B .| 204 i
i H . i [] : : H .2
30 i o S0 P E I TRORS SO TN T
-40 1 : R R R P PR : ’
-501
-60

24h 48h 24h 48h 96 h 120h

72h
TR
b) Al UFR) IR PR A % 2 A R
g P models and (b) AIWP models in 2025

72h
I h
K 52025 4 () %{H T

WA, GEi R RS -G TRk R GA
PR TR TGP 8 o B E . Horp, RS R &1 24 h,
0. 42.4 %F1 44.0 %. ZUTHRITIEF, ANNGA 1124 h
Iy B, 43 N 42.1 %A1 44.3 %; ECMWF-IFS () 72 h 375170 &, N 43.6 %.
R A5 R ORK FE AR AL X 2025 4 Al A RABRY “ X 7 58 B2 TRk AT T IR JG, 3 24 h,
48 h A1 72 WA 8.7 %. 33.4 %F137.3 %; ML N, KREITIERHAMAI SR
R (10 5 5 TR R 5152 T o

5 #Eie

% 2025 A FAL AT RERTEG i G XL 545 e 0 e SAG RS, DA S IS4 R 5 B RS 5 3
TTVFE, BHLLIFFRELER:

(D) FRSREREXGEN S E MG EYE 2024 FEH PRI, @A TFHREN 135
km, % 2024 4F95/ 15.6 %; SER MAE N 1.1 ms™', % 2024 4E/N 21.4 %. BEAF, i
KEEGINEXEN S E G T HAS T EE B G G RER b0 w7 6 KT
ML -
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() FBRLE TREZE . HESRITH 240 5 48 h 6 R ETHRIAR] B & 1
Sk, Hrh, iS5G 24 h 5 48 h SR TR T 3435% 2 43 51 9 56.6 km F1 95.8 km,
BERT HARSE TR EBA G REN O o 2 AN EUE TR AR AE A F TR 3053 5 &
Hi st AR TR K. Al S5 ERIH, FourCastNet & FARIN ACE4 R 2 B8 A, H4Ae Al
A GG A48 h TR ZERONTET, 48 h DAL P 3835 2 0 22 55 Bl TR 2 i, erp AIFS
TR RIR A, BT G Bl A=t

(3) ZHUE 77 & A TRIRHLII 24 h 5 48 h (1) & KGR E FIRE S E & P L ilfKor . H
i, RS RE 2405 48 h 5RE TR MAE 2508 3.6 ms ' fil 4.9 m's™!, 24~120 h & XG5
FETRARAE AL T 36 E A & VB O f FIERCIZYN A R GUERL “ U7 1R 58 5 TR
HATITIEfG, H 24~120 h 3BTl MAE /) 42~60 %, 2355 17 Al GBS 6 K
SRIE I RGPEMCAS, TR SRR TR

T 7 £ TR 55 755K, ARSRAT S AR 5 18] RREHERE & XU Rl s oi SRR 1T 1E
BORTG; (et Al TR S HE TR AR BE R & K e & Ko SR
AN, ITFERUEL 3T 5 TR AR L AT 7T -
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