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Assessment of western North Pacific tropical cyclone genesis in the Al models
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1. Introduction

La Nina and Indian ocean warming in 2020

= |n recent years, advances in Al-based weather prediction models have led to notable improvements &l Ganesis: freausncy: of Tcs In HIASON . SSET“Vi"Onme“tO' conditions in JJASON 2020
in forecasting major meteorological variables traditionally simulated by dynamical models. A 3 40N o
particularly remarkable enhancement has been observed in the prediction of tropical cyclone (TC) 21 o
tracks, which are strongly influenced by the surrounding environmental flows. Liu et al., (2024) ; ot S XW2 \NAagiNog - RFR L M de b BRI Y e .
comparing TC track forecasts from state-of-the-art Al systems—Pangu-Weather, FourCastNet, 99 : o
GraphCast, FuXi, and FengWu—suggested that improved representation of large-scale 2 Tropical cyclones d o Typhoon Tropical P 170€ Pa
environmental flows significantly contributes to enhanced TC track prediction. 71980 1985 1990 1995 2000 2005 2010 2015 2020 b 700-hPa relative humidity . C MFC & 850—hPa moisture transport

= Compared to the ECMWF’s IFS, a conventional dynamical model, Al-based models appear to correct Strong monthly variation i: o> St S .; i:: | ' s
environmental steering flows more rapidly, resulting in earlier improvements in track forecasts. % Genesls frequency of TCs C Accumulated cyclone energy of TCs o0 D = I YA s g
Despite these advances, Al models still tend to underestimate TC intensity and associated -y I 60  __ooeles T NS === R - P
precipitation. Thus, a comprehensive evaluation of not only track, intensity, and rainfall, but also 4 i R B W I
genesis skill, is essential. TC genesis in the western North Pacific (WNP) is strongly linked to the 4 o et e 160 "‘ e (b'qc‘:;’f?»m}“: /e
variability of the WNP subtropical high and the monsoonal flows. 21 e 500—hPa upward motion

» To address this, we adopt the Okubo—Weiss Zeta Parameter (OWZP) TC tracking method (Tory et al., O JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC O JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC :: :: =~ ?5
2013a,b) to assess the 2020 WNP TC genesis performance using Al models—GraphCast and 30N 0s
Pangu-Weather—trained on 0.25° ERAS reanalysis data provided by WeatherBench2. The = The year 2020 was historically notable as no TC formed in July, likely due to strong 20N e
performance in reproducing TC genesis in the Al models initialized with both ERA5 reanalysis and warming over the equatorial Indian Ocean, while TC genesis was active in August VRS it
IFS analysis data, will be further evaluated against the International Best Track Archive for Climate e} CEBISE, S EISEse @ irlEs] Eyeins inEei i AUl 20, w1 e st Mooe e e deoe tso |

. time in available historical records, was attributed to the tropical Indian Ocean warming

Stewardship (IBTrACS). (Wang et al., 2021)

2. Data and Method

3. Observation

= Data

Q IBTrACS: TCs track in JUASON 2020 ssT ” 2020 tropical cyclones list (June—November)
850-hPa streamline and anomalous GPI in 2020 ms: T8 ek (SST anomaly
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The OWZ parameter is defined as follows: |Parameters Initial Core S o e Stimees —7.5 6 —45 31575 5 45 b TSNS TSe TS_cim X Yooe i 2020110818  ETAU* 11520 12.80 45 10500  5.40
—651 —65-1 2020110912 : . :
) OWZ850 50x10™s 60x107%s = Genesis potential index (GPI) (Murakami and Wang, 2010) e VAMCO R I 8 8912 >40
OWZ = max(OWpm,0) X ({ + f) X sign(f) OWZ500 40x 10651 50x10-65-1 = *js the missing alarm in both reanalysis and analysis
: : RH975 y 9
OW,.,m: the normalized Okubo-Weiss (e S5
parameter, C the relative vorticity, f the RH700 50% 70%
planetary vorticity,  + f the absolute vorticity VWS 25 m -1 12.5 m s
SH950 10 g kg™ 14 g kg™

» Recent advances in Al-based weather forecast models outperform the dynamical model (IFS) in

Performance over the globe in October oredicting the WNP TC genesis.

ot

%Ehm s P' igahzs 1 = Compared to Al models, the performance of IFS for environmental variables related to TC
4 Dete cted TC S N W V genesis such as vertical wind shear, 850-hPa relative vorticity, and 700-hPa relative humidity

reduces more rapidly over time.
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