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Extreme wind speed analysis of typhoons based on conditional
generative adversarial networks

* . .
HONG Xu" ", HOU Ziyang', KONG Fan', HU Liang’
(1. College of Civil Engineering, Hefei University of Technology, Hefei 230009, China;
2. Nathaz Modeling Laboratory, University of Notre Dame, South Bend 46556, USA)

Abstract: Accurately assessing the extreme wind speeds of typhoons is of great significance for ensurning
the wind-resistant safety of important engineering structures in typhoon-affected areas. A typhoon track and
intensity model based on the conditional generative adversarial networks (GAN) to facilitate refined analysis of
extreme typhoon wind speeds was developed in the present study. The model began by treating the 6-hour
changes in typhoon translational speed and intensity as conditional random variables, which were determined by
certain state variables, (e.g., as the latitude and longitude of the typhoon center) and environmental variables
(e.g., as sea surface temperature). Then, the conditional GAN was applied, where fully connected neural
networks were used for both the generator and discriminator to model the 6-hour changes in translational speed
and intensity. The neural networks were trained using meteorological data, including the best track data from the
China Meteorological Administration and the 20th Century Reanalysis (CR) dataset. The performance of the
typhoon track and intensity model was validated through comparisons with historical records, confirming that the
models could effectively capture key characteristics of historical typhoon trajectories as well as the evolution of

their intensity. The models also demonstrated auurate reproduction of key statistical characteristics in typhoon
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track patterns, such as mean values, standard deviations, and probability distribution functions for key parameters

in localized typhoon paths. Finally, the developed typhoon model was applied to analyze extreme wind speeds

along the southeastern coastal regions of China, and the results were compared with other research findings and

guideline recommendations, providing a comprehensive evaluation of the model's accuracy and relevance in

forecasting extreme wind events associated with typhoons. This model offers a more precise tool for

understanding typhoon dynamics, potentially improving early warning systems and risk assessment for coastal

regions.

Keywords: generative adversarial networks; typhoon track; typhoon intensity; extreme wind speed;
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Fig. 1 Schematic diagram of the analysis method for typhoon extreme wind speeds
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Table 2 Hyperparameters of the typhoon track model

R S

MT1 AR 5AX64x32x 16%2, FI T4 54x64x64x64x64x1, o = 0.00001, B = 0.1, B2 = 0.999, negisic = 10, m = 128

MT2 AR A 54x32x 16X 162, FIH2%: 54x32x32x32x32x1, a = 0.00001, 81 = 0.1, B2 = 0.999, nertc = 5 m = 256

MT3 HE RS 54X 64x32x32x32x2, HI 8% : 54X 64X 64x64x64x64x64x1, & = 0.00001, B; = 0.1, B2 = 0.999, neiic = 5 m = 256
MT4 A AR 5AX64x32x16%2, FIHIA%: 54x64x64x64x64x1, a= 0.00001, 81 = 0.1, B2 = 0.999, Heritec = 5> m = 256
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Table 3 Hyperparameters of the over-sea typhoon intensity model

HE

WEH

MS1 RIS 12X64x64x16x16x16x 1, HI A 8%: 12x64x64x16x16x16x16x16x1, @ = 0.000001, 81 = 0.1, B2 = 0.999; ncrige = 10, m = 512
MS2 LR A 12X 64x64x8x8x8x 1, FIHI#¥: 12x64x64x8Xx8x8x8x8x 1, o = 0.000001, B = 0.1, B2 = 0.999, negitic = 5> m = 1024

MS3  AERA}: 12x64x64x32x32x32x 1, FIJI#E: 12x64x64x32x32x32x16x16x1, & = 0.000001, B; = 0.1, B2 = 0.999, nerigic = 5, m = 1024
MS4 AR A 1264 x64x16x16x16x 1, FIHIB: 12x64x64x16x16x16x16x16x1, a = 0.000001, B1 = 0.1, B2 = 0.999, neritc = 5> m = 1024

R4 MHMEREERENBSY

Table 4 Hyperparameters of the over-land typhoon intensity model

B

WEH

ML1 LR AR T 64X 32X 16X 16x8x 1, HI T %E: Tx64x32x16x16x16x16x16Xx8x 1, a = 0.000001, 81 = 0.1, By = 0.999, ncritic = 10, m = 64
ML2 A AR T 64x32x8x8x4x 1, HIIEE: Tx64x32x8x8x8x8x8% 1, a = 0.000001, B1 = 0.1, B = 0.999, Neriic = 5, m = 128

ML3 AR TX64x32x32x32x8x 1, HI B5: Tx64x32x32x32x32x16x16x8% 1, a = 0.000001, 81 = 0.1, B2 = 0.999, Neritic = 5> m = 128
ML4 AR TX64x32x16x16x8x 1, HIBI S : 7Tx64x32x 16X 16x16x16x16x8x1, o = 0.000001, 81 = 0.1, B2 = 0.999, nerigic = 5> m = 128
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Table S The geographical location information of major cities and coastline mileage in China's southeastern coastal region
928 B / (km) 241 /(°) ZFE/(°) W2 L / (km) 2/ (°) Z1E/(°)
0 21.5 108.04 2800 30.14 121.23
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400 20.32 110.1 3200 31.87 120.7
600 21.48 111.08 i 31.23 121.47
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1000 22.98 113.46 WM 28 120.7
1200 22.74 114.66 M 26.07 119.29
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1600 24 117.76 MIES 23.35 116.68
1800 24.91 118.82 I 22.54 114.06
2000 25.82 119.6 J N 23.13 113.26
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Table 6 Extreme wind speeds of typhoons for 11 cities within 50-year and 100-year return periods
504 @A /(m-s ) 1004 — i )k /(m-s ™)
A3 SCHR[26] HR27] M A3 SCHR[26] HR[27] )
iy 27.2 28.9 29.6 29.7 29.1 31.7 31.7 31.0
T 32.1 30.0 32.1 28.3 34.6 33.0 34.5 31.0
1IN 35.1 34.0 32.5 31.0 37.1 36.5 34.9 33.5
KM 35.6 32.5 30.1 33.5 37.4 35.1 33.6 36.9
JZ17] 34.5 36.4 34.5 35.8 36.0 38.9 37.7 39.0
sk 35.1 — 33.9 35.8 36.8 — 37.3 39.0
WYl 34.9 34.7 32.8 34.6 36.8 36.8 36.4 37.9
Il 33.9 29.8 — 28.3 35.6 31.4 — 31.0
FHIT. 35.2 — — 34.6 36.9 — — 37.9
WL 34.5 34.7 34.2 35.8 36.1 37.4 37.5 39.0
wa 35.9 — 36.4 34.6 37.5 — 38.5 37.9
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