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Abstract: [Objective] This study evaluates the performance differences among multiple models in forecasting
the track, intensity, and structure of Typhoon Matmo (2521), aiming to provide references for operational warning
and model improvement. [Method] Based on the China Meteorological Administration (CMA) best track data and
European Centre for Medium-Range Weather Forecasts (ECMWF) reanalysis data (ERAS), this study compared the
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forecast results of two global numerical models, two regional downscaling models, and two artificial intelligence
(AI) meteorological large models. The mean absolute error (MAE) and root mean square error (RMSE) were used
to quantitatively evaluate track and intensity errors at 24-hour, 48-hour, 60-hour, and 96-hour forecast horizons.
Error mechanisms were also diagnosed through analyses of thermal structure, dynamic structure, and large-scale
circulation. [Result] For 24-60-hour track forecasts, the FuXi model demonstrated the highest accuracy, with a
48-h MAE of 25 km; however, the 96-hour RMSE increased to 417.4 km. The China Meteorological Administra-
tion Global Forecast System (CMA-GFS) model exhibited larger errors in the short-range forecast period, but its
error growth rate slowed as the forecast horizon extended; conversely, the Global Forecast System (GFS) per-
formed well in the short term but tended to deviate in the long term. The Weather Research and Forecasting (WRF)
models driven by the Global Forecast System (WRF-GFS) and Weather Research and Forecasting model driven
by the China Meteorological Administration Global Forecast System (WRF-CMA-GFS) models had relatively
large errors in the short range forecast period but demonstrated outstanding stability in the long rangeforecast pe-
riod. Regarding intensity forecasts, Pangu and FuXi significantly underestimated intensity throughout the entire
track and failed to capture rapid pressure drops near the coast. WRF-CMA-GFS performed best in simulating rap-
id intensification and peak intensity, although its forecast quality was significantly dependent on initial conditions.
[Conclusion] GFS and CMA-GFS exhibit significant differences in track and intensity forecasts. Regarding tracks,
the two models show a reversal of short-term versus long-term capabilities: GFS performs better in the short term
but shows a sharp increase in errors over the long term, while CMA-GFS exhibits significant short-term devia-
tions but is the most stable over the long term. Intensity forecasts, however, show the opposite pattern. The
Weather Research and Forecasting WRF model demonstrates outstanding long-range forecasting performance,
with intensity forecasts generally outperforming track forecasts, though forecast quality remains significantly de-
pendent on initial conditions. Through a multi-model comparison of Typhoon Matmo—a rapid offshore intensifi-
cation case-this study reveals the differentiated performance of various models across different time scales and
highlights the critical role of structural simulation. These findings provide quantitative evidence for optimizing
typhoon multi-model ensembles and formulating time-scale-dependent strategies, offer directions for integrating
physical constraints into Al models and optimizing initial conditions for regional models, and hold practical value
for enhancing operational forecasting capabilities for rapidly intensifying typhoons near the coast.

Keywords: Typhoon Matmo; numerical weather prediction models; Al weather models; track forecasting;
intensity forecasting
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Figure 1 Real-time track and intensity of Typhoon Matmo
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Table 1 Overview of the prediction models evaluated in this study
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Figure 2 Tropical cyclone track forecasts from different numerical weather prediction models and Al models at forecast lead times

of 24 h (a), 48 h (b), 60 h (c), and 96 h (d)
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Figure 3 Tropical cyclone track forecast errors from different numerical weather prediction models and Al models at forecast lead

times of 24 h (a), 48 h (b), 60 h (c), and 96 h (d)
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Figure 4 Forecast and error distribution of minimum sea

mE 4 (a) () Pion, #£ 24 h RN,
SR 10 A4 H 1282 10 A 5 H 06 I & 2 IHF
gy, LY 965 hPa B4 N, T
10 H 5 H 12 k. Hf CMA-GFS 5
WRF-CMA-GFS X 5 X 5 i 72 0 %1 e 5 09 1A
GFS 5 WRF-GFS AR 2 i #2, (HA2 004
BN, FINFHE . AL BT Pangu Ml FuXi SR
s, N FEEFRTLR, Joikm R G AT HASE G 5,
2P T A HE R .

£ 48 h & X MSLP Fifik r, [X 35k #5 =
WRF-CMA-GFS RILEA (RMSE = 6.4 hPa), ik
SERBONTTRE; £ CMA-GFS X2 (RMSE =
11.1 hPa). 5 X “Z M+ 10 H 3 H 12842 10 A
5 H 00 B sE (K4 (b)), CMA M MSLP
M 980 hPa [%% 950 hPa. H{HAR = n]H T Hupk il
MSLP s &S, RE 8 SR S (B

FEAS Al EEEFRRRSERRMIRE

level pressure for various numerical models and Al model

BULE 10 A 5 H 06 I, B0 I 25 S0 A i J5 ; 107 Pangu
5 FuXi ) MSLP #h£kin 7F2%, HERE 7 5
BE7E 989 hPa 1 986 hPa, A BEA 5 M o FR I 4 ik 3]
I RIZVEAR A HE— B R, Al BEAYAELE B
BHFIERRD, AR EZE (4 4 hPa) i/
THMME (10.30 hPa) JfL4Gibizl (7~14 hPa),
Wi T Y SR, TEA A E G XA
Wity SO 4544 o

WK 4 (o) (g) Fizn, 1E60h Tk R, %
B AT SRR ZE S R RN R . Xk
i WRF-CMA-GFS 5 WRF-GFS £HRL, =
JE T PR 2 5 T e X AR DL U 3 Wl . CMA-GFS
55 GFS B %% 24 h #8H EF+, RMSE 737108 11.9
+516.7 hPa. Al B B 7 /K155 48 h AHEL AR AL A
X, Pangu [ RMSE A 20.8 hPa, FuXi A 23.1 hPa;
HiRZEBET V%, KHDBE G XG0 IR



680 7o ok W K ¥ R

2026 F

TR O IRRE, AR R IR 4L 1) 5 AR AG
7£ 96 h iR 2k ) MSLP Fifk b (4 (h)),
[X 15120 WRF-GFS 5 WRF-CMA-GFS 1548 & BAL
S, RMSE 72514 7.9 5 11.2 hPa, fetgf s &
KBS B AR AR SR AREAE . WRF-CMA-GFS Tiifi
1S AR S I B AR — 25, AN HH IR ) s
2] 6 h; WRF-GFS il [ e (%R ABOU B fiv 7= 21
5 hPa. & ¥IREHEAILH & XU S218 2 e 30 P g
PR FARE 4ERRED e R AR AR R, BRI
MSLP RSN EY A . 2T, AL

071 @  24h 2025100412 o7 (b) 48h 2025100312
- CMAML ¥ FuXi
| -= WRE-GFS -+ GFS

= WRF-CMA- GFS -o- CMA-GFS
+ Pangu e —

3 P
Wl ‘—’% 27

w
)

52

R RGE TIERAE /(ms™)
~

. 1
J G o
Qb‘\ Qb‘\ Q‘)@ Q‘)Q S N
&S &S S
& P P P P &
I S I M ) >

ToAR I f8] ToAR I [

B Pangu 5 FuXi ) RG0SR EAGAS W) AR,
RMSE 43 %15 19.1 A1 15.7 hPa, iR E8A4AS EK T
B E S, G R SR LG A 2
B A A BRI PRI AEL, AR R S5t B (1]
TR, OV R IR P R B A e I S O A S
JE TR ﬁ¢ Pangu Tk (SR T FEEEAN
JENLAE T 1/3, 166 AR N PR 38 5 1) S B i B
MﬂP%%%E9%hmmﬁ,%m%ﬁ%ﬁﬁﬁ
Jei s FuXi [AAETCEZ o o 72, SRR

B TP 2.
67 (¢)  60h 2025100300 67 (d) 96h 2025100112

ToAR I [

ToR I [l

I (o) EaRMSE 24 h 2025100412 24 () 9 RMSE 48h 2025100312 247 (g) =@ RMSE 60h 2025100300  2*[ (h)EIRMSE 96h 2025100112
= MAE = MAE = MAE = MAE
£ 17.8
» 177 16.8
£18 — 03, 18 166157 18f 1575 18
= s 2.
ﬁ 136
o > of 2 e Ziolts
. 12 I 12} 12 ”s R 0
";;J 7470
X 54
26 4s oy 42 5 6 5, van BS, 6f 7 4, 65 3 .0
m il m il I
s S X 0 S S 0 % % R 0 S
I3 Y C&% 0‘3% 6‘“ o2 oo & &x° c,? P‘C’Q o gt 0? 0?% GQ CS% Q\;k‘ (ﬁc"§ OQ%P‘GQ P*GQ% o2 Q\ﬁ‘
« c\“‘g N cV"YS ob QT W
R A R R N R

(a) (e) N24hlE, (b) () N48Sh AL, (c) (g) AN 60hIEL, (d) (h) N 96h KR,
5 EZERE A BRI LR KNETIRIIRE

Figure 5 Forecast and error distribution of maximum near-center wind speed for various numerical models and Al model
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Figure 6 Vertical cross-sections of the typhoon structure for various numerical models and Al model
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Figure 10 500 hPa geopotential height and vorticity fields for various numerical models and Al model
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AT EEREFRITEIZGZEE Horticulture Research
H & X TFEHEN R BRIFIEAR R

FRRLKFELFEHRAINBLANEZERLERFRF HEAEHBRERRKFRRAHZADNEER TR
#8-F) Horticulture Research (IF=8.5) £ & % T # #“LncR12304.1-miR1507¢c-CsNADH-GOGAT ceRNA module
regulates amino acid biosynthesis in tea plant (Camellia sinensis)” 49 #F 712 Lo

4 MR KEE RNA (competitive endogenous RNA, ceRNA) i@l i #/)» RNA vl 5 LT 444
miRNA, Aiz3e A H mRNA ki, 5 284 m# (glutamate synthase, GOGAT) 1§ H & 540 5 A B
A BB/ 5 2 PR A A B (GS/GOGAT) FE3R 69 IR By, 2 R 5 R BR & b9 X488, 4 A L& A (Fd
A, ferritin type) A= NADH iLRA, — 5 A & i jrAidhet A Aotk R & 69 AR Lid A2, GOGAT 5 RA&
AR R ERER T EMME. 120 GOGAT Frl& Kk, iRz, L#FERKFIERD RNA
A ceRNA M43t Loy few BB R . BRI, RAERRZSKEKE DRSS, L-F AN LRI R
ABR, BMMELAR HAAEALRESRWETRFAEEZES, 123E%4 RNA 49 B BB T TE,
CARE B9 A ceRNA W4 % it . aibiax, mA L H A 2 AR A e9RE,

BB R AEZF T B T HFBIET IncR12304.1-miR1507¢c-CsNADH-GOGAT ceRNA A4=4E 3, WA T &
T RABR A T 69VE AL, AN T A R A BRI ceRNA R LT A, A RIET miR1507 ik
RO E, IEE AR A L AL R, T AR R AR A H, BB FT IncR12304.1 45
A ceRNA W9HT#%te, % THMARME ZEAEGLIIKRE, HERAABRKRMNG ST AN
HRAETABESRIEE, ZREAZMSALER LGS AR RIRME T AP SRIE, s T 2R
KAEARH ceRNA ML 694F 50, sStRAFZ M BEA T 28 AN,

FRRYKFR L FEHRAINEZLE = RERFRE 5 AEWBRF AR HIRA L& Bk
F, BRI R = dh A ARG B (202201AT070253. 202501AS070039) . FAxA+ R 4147 5 R A1 A
AET SRR FAHESE (NKLTOF20240110) Z2#4 A K45 K4 (2408085MC077) %57 B 49 % 8o
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