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Extreme waves induced by extreme tropical cyclones (TCs) with a very strong intensity threaten marine production and transportation. In this paper, six tropical cyclones with a typical track and extremely strong intensity were synthesized to study the extreme waves. The data on TC tracks were extracted from the China Meteorological Administration. The historic TCs from 1949 to 2018 were classified into six groups according to their tracks, and a representative track was synthesized for each group of TCs. We applied an extremely strong intensity to the tracks for studying the extreme wave field. The synthesized track of typical track cyclones (TTCs) was based on the maximum probability of the translation distance and direction of the TC center according to historical data. The central pressure (Pc) was used to represent the TC intensity and was studied at the recurrence periods of 100, 1,000, and 10,000 years. The synthetic TC with a representative track and extremely strong intensity was called a typical tropical cyclone (TTC). The extreme wave fields driven by TTCs were simulated by Simulating Waves Nearshore (SWAN). The wind field driving the waves was calculated using the Holland parametric wind model and was well-verified with observations. This paper calculated the extreme Hs and Tp values of the return periods of 100, 1,000, and 10,000 years for six types of TTCs. It was found that the extreme Hs values were very different for each TTC. The highest Hs could reach 31.3 m in the recurrence period of 10,000 years. Followed by TTC-I with 18 m, TTC-VI was the weakest with less than 10 m. The TC track position frequency and its spatial variation of extreme intensity were discussed. The synthetic tracks were representative, and the intensity could be influenced by spatial variation. In the end, four historical typhoons with great intensity, wide impact, and serious disaster-causing effects were selected to compare with TTC. This paper can provide guidance for maritime planners.
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1 INTRODUCTION
Extreme TCs along with strong winds, huge waves, storm surges, and heavy rainfall are the primary causes of most marine disasters that lead to huge economic losses and casualties each year (Wu et al., 2014; Wu G. et al., 2018; Yan et al., 2020; Shi et al., 2021). A few super TCs that were never reported before have occurred in both the Pacific Ocean and the Atlantic Ocean in recent years (Tajima et al., 2014; Berg 2016; Cox et al., 2019). Moreover, the intensity of TCs in the future will probably increase as a result of climate change (Yasuda et al., 2014; Mori and Takemi, 2016). Tropical cyclones (TCs) in the northwest Pacific Ocean frequently affect China, Japan, and Southeast Asian countries (Yang et al., 2019). The wave fields formed by TCs are operational for predicting potentially hazardous conditions for ship navigation and coastal areas and for countries in the path of severe tropical cyclones, where marine structures and ships are under serious threat from giant waves. The impact of extreme typhoons on damage levels makes extreme typhoons a critical factor in marine structure design projects.
Numerical models, including SWAN (Simulating WAves Nearshore), WAM (wind wave model), WW3 (WaveWatch-III), and UMWM (University of Miami Wave Model), have been developed for simulating the wave field in the past decades. All these models are third-generation wave models that are based on the balance equation of dynamic spectral density, considering the non-linear physical process. It is known that the model configuration is critical for accurate simulation on account of parameter sensitivity (Xu et al., 2017; Wu Z. Y et al., 2018). Therefore, the SWAN model, which calculates the sensitive parameters of the drag coefficient, depth-induced wave breaking, and wind field very well in a simulation, is better than the other models in the near-shore wave simulations (Fan et al., 2009; Umesh and Swain, 2018; Wu Z. Y et al., 2018; Qiao et al., 2019; Umesh and Behera, 2020; Xu et al., 2020). Apart from the unstructured grid option which can be used to simulate the large domain embedding high coastal resolution in a high efficiency without nesting (Zijlema, 2010), the coupled model in SWAN considering the interaction between different dynamic factors enables the more accurate simulation (Fan et al., 2012; Hong et al., 2018; Prakash and Pant, 2020). Moreover, the blended wind field of the reanalyzed wind field and parametric wind field in SWAN improved the simulation results significantly (Shao et al., 2018; Hsiao et al., 2020).
Although the numerical simulation of the wave field under a certain TC has been studied by many researchers, including Tolman et al. (2005), Wang (2005), and Lalbeharry et al. (2009), neither the effects of a given TC on a given area nor the intensity quadrature is distinguished. The purpose of this paper is to quantify the intensity of TCs by simulating waves under extreme TCs along typical paths in the Northwest Pacific. The tracks of TCs in the Northwest Pacific were divided into six typical types according to their passing areas and shapes. The typical tracks that are most likely to happen in each type were synthesized. The wave field under synthetic TCs was simulated by SWAN.
2 DATA
The datasets used in this study are from the China Meteorological Administration Shanghai Typhoon Institute (CMA-STI). This dataset records the TCs that occurred in the Northwest Pacific. The recorded data in every 6 h contain time, intensity category, central pressure (Pc), and the maximum wind speed of TC when the intensity was no less than the tropical depression (Ying et al., 2014). To study the extreme TCs, data from 1949 to 2018, during which the strongest intensity of TCs reached a tropical storm, were selected as samples. Consequently, the total number was 1908.
Knowing that the characteristics and influencing regions vary with TCs’ track, the northwest Pacific Ocean was divided into four subareas. As shown in Figure 1, Rumpf et al. (2007) divided the TCs, which occurred in the Northwest Pacific into six groups according to the subareas of formation, passing-by, and dissipation. The southeast, southwest, northwest, and northeast subareas were individually named No.1–No.4. The TC group classification parameters are listed in Table 1. Groups I and IV did not have TC landfall. Group V had few TCs that influenced Asia. Therefore, groups II, III, and VI affected Asian countries severely with a large frequency. The TCs in each of the three groups were further divided into landfalling China and non-landfalling China types. Thus, six kinds of typical TCs, sTTC-I–TTC-VI in Section 3.1, were identified, as shown in Figure 2. TCs of Type-I formed in the open sea at low latitudes and moved northwest to the South China Sea or south to the East China Sea, influencing the southern provinces of China, such as Guangdong, Guangxi, Hainan, Fujian, and Taiwan. In contrast, TCs of Type-II did not land in China, but it still had a serious impact in the South China Sea and Southeast Asia. TCs of Type-III and Type-IV tended to recurve between 20 °N and 30 °N. The number and the characteristic of recurving of the latter type were individually much larger and more apparently. These two types of TCs had significant impacts on the east of China and Japan, whilst TCs of Type-V and Type-VI influenced South China and Southeast Asia with a shorter duration and weaker intensity.
[image: Figure 1]FIGURE 1 | Six groups of TCs divided by Rumpf et al. (2007) in the Northwest Pacific.
TABLE 1 | Rules of TC classification.
[image: Table 1][image: Figure 2]FIGURE 2 | Six kinds of typical TC tracks (Type-I is the landfalling China TCs of Group II, Type-II is the no-landfalling China TCs of Group II, Type-III is the landfalling China TCs of Group III, Type-IV is the non-landfalling China TC of Group III, Type-V is the landfalling China TCs of Group VI, and Type-VI is the non-landfalling China TCs of Group VI).
3 MODELS
3.1 Typical extreme TC synthetic model
Since the occurrence of super TCs (with a recurrence period of more than 1,000 years) is rare and random, the synthesis of each type of super TCs was performed according to statistical methods. In the synthetic TC, its track was described as a polyline with the positions of the TC center as the vertex, as shown in Figure 3. The position of the TC center was recorded every 6 h. Knowing that the moving characteristics of TC were determined by the translation distance (TD6h) and direction (θ) between two adjacent points, the track could be synthesized once TD6h and θ were obtained in all steps. Typicality was considered as the maximum probability of each type of TC moving TD6h and θ. Therefore, the occurrence frequency in spatial distribution was calculated by a non-parametric method according to the historic TCs. This is because the non-parametric method does not have a fixed form of probability density function, and it is more suitable than the parametric method for irregular sample distributions. Integrating the probability density function gets the cumulative probability F, and T = 1/(1–F) is the recurrence period.
[image: Figure 3]FIGURE 3 | Schematic diagram of the synthetic TC track.
The point with the maximum historic forming frequency was chosen as the start point of a typical TC for each type. Next, both TD6h and θ in each step were fitted for each step using a non-parametric method with a Gaussian kernel function. The samples were collected from the historical data with a grid box of 2° × 2°, centered on the simulated track point, as shown in Figure 3. TD6h and θ, owing to the maximum probabilities, were calculated. By repeating the aforementioned steps, the next track point could be determined until the number of utilized historical data in the grid box was less than 10.
The intensity of a typical TC is valued by the central pressure. During the TC developing process, the three-point method (TPM) was employed to determine the extreme intensity. The method can be described as follows:
First, the position of the strongest intensity point on the track was determined by Fstrongest with equation (1), in which Nstrongest is the number of historical TC tracks with the strongest intensity during its lifespan and is calculated by the inside of a 2° × 2° grid box that was centered at a given location, and Npassby is the total number of TCs passing through the box. The point with the largest Fstrongest value is the most intensity point during the TC.
[image: image]
Second, the intensity of the starting point, the strongest point, and the end point were individually determined. Pc of the starting point within a range of 2° × 2° historical TC data was selected as a sample and was determined by the maximum probability with the non-parametric method. Because the location of the end point was at land and was far away from the strongest point, the intensity of the end point had little effect on the extreme wave field. Therefore, the value of Pc at the end point was set to 1010 hPa. To calculate the extreme intensity of the strongest point, Pc samples from the historical data on the 2° × 2° grid around this point were also used. The probability density curves were fitted by the non-parametric method. The sample fit of Pc at the strongest intensity points of typical TCs (TTCs) is shown in Figure 4. The sample distribution of the Pc value at the strongest point for each typhoon was particularly different because the Pc value of each type of TTC is in different positions and has different tracks and lifetime. The position latitude of TC passing influences the TC strength, and a long lifetime is likely necessary to induce a stronger TC. The distributions of TTC-I–TTC-IV samples were relatively scattered, while the samples of TTC-V and TTC-VI were relatively concentrated. The peak values of TTC-I and TTC-III appeared at 975 hPa and 960 hPa, respectively, while the others were at about 1000 hPa. Based on the fitted probability density curves of Pc at the strongest point, Pc values that occur once in 100, 1,000, and 10,000 years were calculated.
[image: Figure 4]FIGURE 4 | Central pressure data fit for a typical TC of the strongest intensity.
Finally, the strengthening and weakening processes of the typhoon were described. Based on the Pc value of the historical TCs around each calculation point, the average decrease or increase of Pc for each step was calculated and proportionally assigned to each step of the TTC.
3.2 Parametric wind model
The driven wind field induced by the synthetic TC was calculated through the parametric wind model. The model proposed by Holland (1980) was used. In this model, the gradient wind velocity Vg is calculated by
[image: image]
where ρa = 1.15 kg/m3 is the air density; r is the distance of the calculated point to the TC center; pc is the central pressure; pn is the periphery pressure and is assumed to be 1013 hPa in this study; f = 2ωsinφ is the Coriolis parameter; ω and φ are individually the Earth rotation frequency and the latitude, respectively; and Rm is the radius of the maximum wind speed, which can be calculated by empirical formula (3) (Graham, 1959):
[image: image]
where Vf is the forward velocity of TC. The parameter B in equation (2) is a scaling parameter and is calculated as follows (Holland, 1980):
[image: image]
where Vgm is the maximum wind speed of gradient wind and is calculated by the following equation (Holland et al., 2010) for the synthetic TC:
[image: image]
The asymmetric parametric model is given by (Olfateh et al., 2017)
[image: image]
where V(r,θwi) is the asymmetric tangential wind speed field, ε = Vf/Vgm is a factor that describes the degree of azimuthal asymmetry, and α is the azimuth of the location of the maximum wind speed.
3.3 SWAN model
To obtain the synthetic TC-forced wave field, the third-generation spectral wave model, SWAN, was used. It adopts a fully implicit finite difference method. Both unstructured grids and the sweeping Gauss–Seidel technique (Zijlema, 2010) were employed in the model. Therefore, the interested areas of the local mesh could be refined stably. The physics described by the wave action equation is as follows (Hasselmann et al., 1973):
[image: image]
where [image: image] is the wave action density spectrum, [image: image] is a function of the physical space [image: image], time [image: image], γ is the relative frequency, and θwa is the wave direction. Cx and Cy are individually the x and y components of propagation speed, respectively.
In wave simulations, various formulations of wind growth and white capping were used. Simultaneously, their tunable parameter Cds was calibrated. Wave-to-wave interactions are activated for quadratic and ternary groups. The Collins bottom friction equation with its coefficient of 0.015m2s−3 was used. Depth-limited wave breaking in shallow water was considered. The JONSWAP spectrum was used at the boundary. The unstructured grid was plotted by the OceanMesh model. The MATLAB scripts were used for assembling and post-processing the two-dimensional triangular meshes in finite element numerical simulations (Roberts and Pringle, 2018). Based on the aforementioned methods, the mesh of the simulation region was obtained, as shown in Figure 5. The mesh was refined in three significant attention places, that is, the northern South China Sea, region of Taiwan Island, and southwestern Japan. The resolution values of the coarse mesh and the refined mesh were about 30 km and 6 km, respectively. The total number of grids and nodes were individually 64,737 and 33,589.
[image: Figure 5]FIGURE 5 | Unstructured mesh in the studying area.
The wave field of synthetic TC simulations was based on the SWAN model. The input of bathymetry was from the general bathymetric chart of the oceans (GEBCO) with its resolution of 0.5′×0.5′. The driven wind field was calculated by the model, which was explained in Section 3.2. The space resolution of the wind field and the resolution of time were 0.25° × 0.25° and 6 h, respectively. The time step and output were 30 min and every 6 h, respectively. The output parameters include significant wave height, wave direction, and average wave period.
4 RESULTS
4.1 Typical tropical cyclone (TTC)
Figure 6 shows the six TTCs that were synthesized by the typical tracks and extreme intensity. The pentagram in the picture represents the strongest point in each type of TTC. TTC-I was formed in the east of the Philippines and moved to the northwest. It strengthened until the second landfall on Hainan Island and vanished in the Yunnan Province. The strengthening trend and direction of TTC-II were very similar to those of TTC-I. Its strongest point was at the position before its second landfall. It vanished in the Indochina Peninsula. TTC-III was the strongest and had the widest impact among the six TTCs, especially for the east of China. Its track traveled to the northwest first and gradually turned to the north after landfalling. Finally, it turned to the northeast. It strengthened to a peak to the east of the Taiwan Island before its landfall and then weakened. TTC-IV with a strong intensity had little impact on China because of its tracks. Its track recurved from northwest to southeast around 28 °N latitude and reached peak intensity before it landed in Japan. TTC-V and TTC-VI were formed in South China. They vanished in the Indochina Peninsula and Southwest of China, respectively. These two TTCs had a lower intensity and shorter lifespan. TTC-V impacted Hainan Island, whilst TTC-VI had little impact on China.
[image: Figure 6]FIGURE 6 | Synthesized typical tropical cyclones (TTCs).
Figure 7 shows the temporal Pc of 100 years, 1,000 years, and 10,000 years intensity for each type of TTC. Each Pc of TTC decreased to a minimum value that indicated the strongest intensity of TTC; then, it increased with time. The highest intensity was in TTC-III, followed by TTC-IV, TTC-I, TTC-II, TTC-V, and TTC-VI. Their values of Pc individually were 914 hPa, 924 hPa, 943 hPa, 957 hPa, and 970 hPa for 10,000 years occurrence, respectively.
[image: Figure 7]FIGURE 7 | Temporal Pc of the recurrence period of 100, 1,000, and 10,000 years for each type of TTC.
4.2 Wind and wave model validations
To verify the model performance, four TCs of Bolaven, Mangkhut, Conson, and Mindule and two TCs of Kai Tak and Soulik were individually selected to validate the parametric wind model and the wave simulation model. The selected TCs and corresponding observation sites were individually listed and shown in Table 2 and Figure 8. The wind speed (Ws) and wind direction (Wd) curves calculated through the Holland wind model were compared with the observation data, as seen in Figure 9. The calibrated SWAN model was verified by using the wave data records. As shown in Figure 10, the time series of predicted significant wave heights (Hs) were well fitted with the measured data. To evaluate the quality of the verifications, the root mean square error (RMSE) and correlation coefficient (ρ) are listed in Table 3. The maximum RMSE, and the minimum values of ρ for wind speed and wind direction individually were 9.13, 0.81, and 0.93, respectively, indicating that both the wind and wave models performed well.
TABLE 2 | Information on TCs and corresponding observation sites.
[image: Table 2][image: Figure 8]FIGURE 8 | TCs and observation sites used to validate the wind and wave models.
[image: Figure 9]FIGURE 9 | Wind speed and direction validations of Bolaven, Mangkhut, Conson, and Mindule.
[image: Figure 10]FIGURE 10 | Significant wave height verification of Kai Tak and Soulik.
TABLE 3 | Comparison analysis of wind and wave simulation results.
[image: Table 3]4.3 Wave field
The Holland model was used to calculate the wind field formed by TTCs. The wind fields of the six TTCs at their strongest moments for the recurrence period of 100, 1,000, and 10,000 years were shown in Figure 11. The first, second, and third columns individually represented the wind field forced by the TCs with the recurrence period of 100, 1,000, and 10,000 years. The first to sixth rows presented the TC types from TTC-I to TTC-VI. These rows and columns are the same in the following figures of Figures 12–14 as well. The color and the white arrows represent the magnitude of wind speed and wind direction, respectively. The wind speed near the typhoon center was the highest. The wind direction rotated counterclockwise around the typhoon center. Although it decreased gradually outward, the influenced areas were thousands of kilometers. Observing from the pictures, the longer the recurrence period, the greater the intensity and the wind speed. The maximum wind speed of TTC-III and TTC-IV was about 70 m/s, while those of TTC-I, TTC-II, TTC-V, and TTC-VI were about 60 m/s, 60 m/s, 50 m/s, and 50 m/s, respectively.
[image: Figure 11]FIGURE 11 | Wind field at the strongest moment of TTCs.
[image: Figure 12]FIGURE 12 | Spatial distributions of the simulated Hs at the strongest moment.
[image: Figure 13]FIGURE 13 | Spatial distributions of the peak period of the wave spectrum at the strongest moment.
[image: Figure 14]FIGURE 14 | Swaths of the maximum Hs formed by the TTC.
The wave field formed by the synthetic TC was simulated by the SWAN model. For the risk assessment and design standard, the extreme wave conditions for six typical TCs were considered in this study. The spatial distribution of the Hs simulation at the strongest moment during the TC process is shown in Figure 12, in which the columns and rows of the subfigure are the occurrence and types of TTCs. The maximum Hs values in each subfigure are listed in Table 4. Both TTC-III and TTC-IV generated the severest sea condition with Hs of about 30 m for the 10,000-year intensity. This was followed by TTC-I with 18 m Hs, and TTC-VI with the weakest, with less than 10 m Hs. The Hs formed by TTC-I and TTC-V reached their peaks when the typhoons approached landfall on Hainan Island.
TABLE 4 | Maximum Hs (unit: m) during the process in various TTCs and Pc values.
[image: Table 4]Figure 13 shows the spatial distributions of the peak period of the wave spectrum at the strongest moment. The columns and rows of the subfigure are the occurrence and types of TTC similar to those in Figure 11. The wave periods of TTC-III and TTC-IV were 15–17s, while those of the others were 8–11s.
The short-wave period occurred in the areas where the wave was in the growing stage. Figure 14 presents the swath variations from the spatial information on Hs in each TTC. The swaths were calculated by the largest Hs at each grid point during the TC process. The pictures indicated that the maximum Hs value moved forward along the TTC track. When TTC-I and TTC-V approached land, Hs increased. Specially, TTC-III and TTC-IV produced very large Hs all the time in the studied area. In contrast, TTC-II and TTC-VI generated a much weaker wave field, and thus, they had little effect on the nearshore sea state.
5 DISCUSSION
5.1 The TC tracks
From the historical data, TC consisted of movers in curves and straights. If the turning flow changed direction, TCs moving westward would turn. TTC-III and TTC-IV represented this type of recurving TCs. TTC-III moved over land for a long time and would cause large damage, although its intensity was not very strong (Tuleya and Kurihara, 1978). Therefore, the TTC-III type should be given more attention. TTC-IVs that recurved over ocean represents TCs turning from northwest toward to the north and finally to the northeast without landfall on China. Since the regression rates are influenced by large-scale circulation patterns (Liu and Chan, 2003; Fudeyasu et al., 2006; Chen et al., 2009), the movement of TTC-I, TTC-II, TTC-V, and TTC-VI was relatively flat. Figure 15 shows the six types of TTC tracks and the position frequencies of the historical TC tracks, which are represented by black lines and colors. Each type of historical TC was concentrated in a certain place. The most frequent places that TTCs passed through indicated the representativeness of TTCs. TTC-I and TTC-V had the most probability of landfall on Hainan, Guangdong, and Guangxi provinces, while TTC-III landed on Taiwan, Fujian, and Zhejiang provinces and affected Jiangsu, Jiangxi, Anhui, Shandong, and Liaoning provinces. The Philippines and Japan were hit by TTC-I, TTC-II, and TTC-IV.
[image: Figure 15]FIGURE 15 | TTC tracks (the black lines) and the position frequency of historical TC tracks.
5.2 Intensity in spatial distribution
Although the TTC represents a type of TC, intensity distributions of TC may vary spatially. Figure 16 shows the spatial distribution of minimum Pc in the grid of 1° × 1° for each type of TC. The colors represent Pc values of TCs, and the lower the value, the higher the intensity. The track of TTC is drawn by the black line. The minimum Pc value was about 900 hPa near 20 °N, indicating that the intensity was strongest. Combining Figures 15, 16 together, there was a strong correlation between the position frequency and intensity. From the subplot (a) of Figure 16, if TTC-I orbited further north and crosses the Bashi Channel, the driven extreme wave may be larger than the present TTC-I. Due to the very low Pc off the eastern part of Hainan Island, severe sea conditions may occur in the nearshore areas. For TTC-II, TTC-III, and TTC-IV (Figures 16B–D), the severest sea states occurred in the southeast of Taiwan Island and east of the Philippines. For TTC-V and TTC-VI (Figures 16E, F), the TCs formed in the South China Sea had a weaker intensity compared to the other TTCs.
[image: Figure 16]FIGURE 16 | Spatial distributions of minimum Pc in the grid of 1° × 1° for each type of TC. (A) TTC-I; (B) TTC-II; (C) TTC-III; (D) TTC-IV; (E) TTC-V; (F) TTC-IV.
5.3 Comparisons with historical TCs
In order to further analyze the extreme representativeness of synthetic typical typhoons, four historical typhoons with high intensity, wide impact, and serious disaster-causing effects were selected. They were typhoon Haiyan in 2013, Typhoons Maria and Mangkhut in 2018, and typhoon Lekima in 2019. Both the tracks of the four typhoons and their time histories of central pressure are shown in Figure 17. Haiyan and Mankhut belong to Group I typhoons, while Maria and Lekima belong to Group III typhoons. Among these four typhoons, Lekima had the longest duration and the greatest impact on China, while Haiyan had the highest intensity.
[image: Figure 17]FIGURE 17 | Track and temporal Pc of four historical TCs.
Similarly, the Holland parametric wind model was used to calculate the wind fields generated by the four historical typhoons as driving wind fields, and the SWAN model was used to simulate the wind and waves during the typhoon. Figure 18 shows the spatial distribution of the maximum significant wave heights produced by the four typhoons. The maximum significant wave height and minimum central pressure values caused by each typhoon are listed in Table 5. As seen from Figure 18 and Table 5, the wave height produced by Lekima was the largest, followed by those of Maria and Mangkhut, while the effective wave height produced by Haiyan was the smallest. However, the central pressure of Haiyan and Mangkhut was smaller and stronger. This was partly because the strongest points of Haiyan and Mangkhut were not in the study area and their intensity had been weakened after entering the South China Sea. In contrast to Haiyan and Mangkhut, Maria and Lekima were slightly weaker, but the significant wave height generated in this study area was larger. These could be analyzed from the track division, i.e., Haiyan and Mankhut belong to Group I typhoons, while Maria and Lekima belong to Group III typhoons. From the results in Subsection 4.3, Type-III typhoon produced relatively large effective wave heights. Therefore, the delineation of the location and the path of the strongest point of the typhoon were of great significance for typhoon intensity prediction and disaster analysis. Comparing the effective wave heights in Table 5 with those in Table 4, the recurrence period of Haiyan in Type-I was less than 100 years and that of Mangkhut was between 100 and 1,000 years. In type III, Maria occurs almost once every 100 years and Lekima occurs between 100 and 1,000 years.
[image: Figure 18]FIGURE 18 | Maximum Hs interval formed by the four historical TCs.
TABLE 5 | List of the maximum Hs and the minimum Pc.
[image: Table 5]6 CONCLUSION
Extreme sea states induced by the super-strong TC will inevitably lead to marine disasters and large economic losses. Studying them is a paramount issue in risk assessment and marine disaster prevention. The TTC can help engineers anticipate the impact of an extreme TC at a certain site. In this paper, the wave fields driven by six synthetic TCs which have typical tracks and extreme intensity were analyzed. The significant wave height (Hs) and the peak period of the wave spectrum were also analyzed. The main conclusions are as follows:
TTC-I affects the north of the South China Sea and the coasts of Hainan, Guangdong, and Guangxi provinces and induces Hs as high as 18 m with a recurrence period of 10,000 years . TTC-II passes through the South China Sea with the highest Hs reaching 13.2 m with a 10,000-year recurrence period. The high intensity of TTC-III induces a 10,000-year recurrence period Hs of 29 m, threatening the East China Sea, Yellow Sea, and the eastern coastal cities of China. TTC-IV, which has a characteristic recurvature, represents the largest number of TCs. It influences Japan and eastern seas of China with a 10,000-year recurrence period Hs of 31.3 m. TTC-V influences the northern part of the South China Sea and the southern cities of China with its 10,000-year recurrence period Hs of 12.6 m. TTC-VI generates the weakest wave field and, thus, has little effect on the nearshore sea state.
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