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Abstract

:

In this work, we studied the influence of spring (SP) and summer (SU) El Niño events on the landfalling tropical cyclones (TCs) in China. The results showed that compared to SU El Niño years, the average latitude of the landfalling TCs in SP El Niño years shifted significantly southward and that the average TC intensity was significantly stronger, especially in the post-landfall period. Additionally, more severe tropical storm-level TCs generated over the South China Sea made landfall in China. Meanwhile, in SP El Niño years, landfalling TCs in southern China had a greater landfall intensity, but landfalling TCs in eastern China were the opposite. These changes in TC intensity during the SP El Niño years could be attributed to more favorable dynamical and thermodynamical conditions, which are beneficial for maintaining TC intensity and duration after landfall. These results could have important implications for an in-depth understanding of TC activities, as well as TC disaster prevention and mitigation.
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1. Introduction


Tropical cyclones (TCs) cause catastrophic weather conditions and occur worldwide. Their activities are influenced by various climate modes across a range of time scales [1,2,3,4]. The strong winds and heavy precipitation caused by landfalling TCs can generate a range of disasters (such as storm surges, floods, landslides, etc.), which can, in turn, cause severe loss of life and damage to property in many countries and regions [5,6,7,8]. Therefore, studying the characteristics and climatological laws of landfalling TC activities could provide important references for preventing and reducing TC-related disasters.



Currently, much research has focused on the frequency, genesis position, track, duration, intensity, and destructiveness of landfalling TCs [9,10,11,12,13]. According to Li et al. [14], the mean locations of the lifetime maximum intensity (LMI) of landfalling TCs in China from 1979 to 2018 have gradually shifted closer to the coast, which could be related to the landward migration of TC genesis locations. Mei and Xie [15] investigated the landfall intensity of TCs in East and Southeast Asia and found that it has increased since the late 1970s and that the proportion of intense TCs (category 4 or 5) has doubled or even tripled, which could be related to the local increase in sea surface warming in the marginal regions of East and Southeast Asia.



The El Niño-Southern Oscillation (ENSO) is an interannual-scale fundamental pattern between the tropical Pacific Ocean and the surrounding atmosphere [16], which modulates TC activities in the Western North Pacific (WNP) [17,18,19,20,21], including ENSO-related landfalling TCs [22,23,24,25]. ENSO influences large-scale environmental conditions in the WNP through the strong modulation of the atmosphere and ocean, thereby altering TC activities [2,26]. A study examined how different types of El Niño events (e.g., eastern type vs. central type) affected landfalling TCs in East Asia during 1961–2009 and found that, due to the differences in large-scale circulation, TCs were more likely to make landfall in Japan and Korea during the summer of Central Pacific (CP) El Niño years, while in the fall of CP El Niño years, landfalling TCs in central India, the Malay Peninsula, and the Philippines could be suppressed [24]. Another previous study [25] also found that TCs generated in the WNP were likely to cause more severe disasters in China during La Niña and Eastern Pacific (EP) El Niño years.



The impact of ENSO on landfalling TC activities has been generally explored based on the spatial distribution patterns of El Niño events (i.e., CP and EP types) or based on the classification of ENSO phases [24,25]. However, those results are difficult to apply to the seasonal-scale prediction of TC activities. Due to the diversity of El Niño events, exploring the impact of El Niño events on TC activities from the perspective of the onset time of the El Niño events could have some implications for their seasonal prediction.



Xu and Chan [27] classified El Niño events according to their onset times, defining El Niño events that occurred in April–June as spring-type (SP) El Niño events and those that occurred in July–October as summer-type (SU) El Niño events. They found that the different onset times of the El Niño events were related to the Asian–Australian monsoon, which could in turn affect TC activities. This classification has since been widely applied in other subsequent studies [27,28,29,30]. Liang et al. [30] investigated the impact of the onset time of El Niño events on TCs generated in the WNP and showed that in SP El Niño years, the mean genesis position of TCs in the WNP shifted significantly eastward and toward the equator. Additionally, the TCs are generally stronger and last longer. In contrast, the mean location of TC formation was only eastward in SU event years, and TC intensity changed significantly, except for categories 1 + 2 + 3. The significant eastward and southward shift of the mean genesis position in SP El Niño years has mainly been attributed to the southeastward shift of favorable atmospheric and oceanic conditions, which are primarily related to the onset times of westerly wind anomalies near the Central Equatorial Pacific.



As one of the countries most affected by TCs worldwide, China has an average of 7–9 landfalling TCs per year [5,31,32]. Those landfalling TCs are closely related to ENSO [33,34]. It would be of great significance to disaster prevention and mitigation efforts for TC activities in the typhoon season to be predicted in advance, according to the early stages of ENSO signals. Therefore, in this work, we aimed to compare and analyze the impact of the different onset times of El Niño events (i.e., SP and SU types) on the landfalling TCs in China. This paper is organized as follows: Section 2 introduces the data and methods used in this work; Section 3 focuses on our analysis of the characteristics of landfalling TCs in China during the typhoon seasons of the developing years of SP/SU El Niño events; Section 4 further investigates the possible mechanisms behind the identified impacts; and Section 5 sets out our conclusions.




2. Data and Methods


2.1. Data


The monthly average sea surface temperature (SST) data used to calculate the Niño3.4 index were from the Extended Reconstructed SST version 4 (ERSST-v4), which was provided by the National Oceanic and Atmospheric Administration (NOAA) and had a horizontal resolution of 2° × 2°. The best track data were obtained from the Northwest Pacific tropical cyclone best track dataset, which was provided by the Joint Typhoon Warning Center (JTWC) of the International Best Tracking Archive for Climate Stewardship (IBTrACS). The JTWC dataset included the TC latitudes, longitudes, maximum sustained wind speeds, and offshore distances at 3 h intervals.



The monthly mean ERA5 reanalysis data were downloaded from the European Centre for Medium-Range Weather Forecasts (ECMWF) and included an upper air layer dataset with a vertical structure of 37 layers and a single-layer dataset at ground level, both of which had a horizontal resolution of 1° × 1°. Specifically, the selected variables included relative humidity (600 hPa), total column water vapor (TCWV), the U and V components of wind (850 hPa), relative vorticity (850 hPa), and vertical velocity (500 hPa), among others.




2.2. Methods


Referring to the previous definitions of SP and SU El Niño events [27,29,30], an El Niño event was first defined when the Niño3.4 index exceeded 0.5 °C and lasted for more than 5 months. However, two necessary conditions needed to be added to the definition of an El Niño event: First, according to the Climate Prediction Center’s (CPC) calculation method, the corresponding monthly Niño3.4 index had to be obtained by calculating the 30-year climate state values for each 5-year cycle to remove the warming trends of the Niño 3.4 index that were caused by global warming. Second, when the SSTA in an event was intermittently less than 0.5 °C for 1 month and the 3 month sliding average of the Niño 3.4 index for that month exceeded 0.5 °C, the preceding and following events were considered to be continuous, and the event could be regarded as an El Niño event. The month when the Niño 3.4 index first exceeded 0.5 °C was defined as the onset month of the El Niño event. An El Niño event was defined as an SP El Niño event when the onset month was in April–June and as a SU El Niño event when the onset month was in July–October.



Following the above definitions, 18 El Niño events were counted for 1951–2017, but 2 needed to be excluded. The 1951 El Niño event was removed due to its short duration. The 1986–1988 El Niño event was excluded because its Niño3.4 index evolution showed a bimodal pattern that lacked the usual seasonal phase lock of El Niño events. After the classification, there were eight SP El Niño events (1957/58, 1965/66, 1972/73, 1982/83, 1991/92, 1997/98, 2002/03, and 2015/16) and eight SU El Niño events (1958/59, 1963/64, 1969/70, 1976/77, 1994/95, 2004/05, 2006/07, and 2009/10) from 1951 to 2017. The El Niño events obtained from this classification were consistent with those identified by Liang et al. [30]. Figure 1 shows the temporal evolution of the Niño 3.4 index from the El Niño developing year to the El Niño decay year for the SP and SU El Niño events. Unlike SU El Niño events, SP El Niño events were usually stronger and lasted longer, which was consistent with previous results [27,28,29,30].



During the movement of TCs, when the offshore distance changed from a positive to zero and the position was located in China’s land area, it was defined as a TC that made landfall in China. In order to investigate the differences in TCs with different landfall intensities between the SP and SU El Niño years, the TCs were classified into three categories, according to the tropical cyclone landfall intensity criteria of the China Meteorological Administration (CMA). Based on the landfall intensity of the TCs, they were categorized as tropical depression-tropical storms (TD+TS: 20.9–47.4 kt), strong tropical storms (STS: 47.5–63.3 kt), or typhoons (TY: ≥63.4 kt). According to the results of previous studies [35,36], we focused on TCs that were generated in the typhoon season (June–November) of the developing year of each El Niño event.



To further investigate the possible mechanisms of the differences in tropical cyclone activities during the two types of El Niño events, this paper mainly considered the thermodynamic and dynamical conditions, such as relative humidity at 600 hPa, TCWV, relative vorticity at 850 hPa, and vertical velocity at 500 hPa, which can have important effects on tropical cyclone activities. These environmental factors were mainly obtained from the monthly averaged ERA5 reanalysis data, and their differences in typhoon seasons during the development years of the two types of El Niño events were analyzed.



In this study, the climatology is represented using the average from 1951 to 2017. Because of the relatively small sample sizes of SP and SU El Niño events in this study, it was not guaranteed that the samples followed a Gaussian distribution. Therefore, a nonparametric test, known as the Wilcoxon–Mann–Whitney test [37,38,39,40], was used to assess the statistical significance of the differences.





3. The Characteristics of Landfalling TCs during the SP and SU El Niño Years


3.1. Characteristics of Landfalling TCs


According to the JTWC dataset, a total of 453 TCs made landfall in China during the typhoon season in 1951–2017, with an annual average of 5.96 TCs. Among these events, 47 TCs made landfall in China during SP El Niño years, with an annual average of 5.88 TCs, and 52 TCs made landfall during SU El Niño years, with an annual average of 6.50 TCs. The characteristic differences in the landfalling TCs in China between the typhoon season of the SP El Niño years and the SU El Niño years are shown in Table 1. The mean TC genesis latitude of the SP El Niño years was more southward compared to the climatology and that of the SU El Niño years, which was in agreement with the results of Liang et al. [30]. In SP El Niño years, the average latitude of landfalling TCs shifted significantly southward (p < 0.01), and the TC average intensity (55.53 kt) was also significantly stronger (p < 0.01), both of which passed the 95% significance test. Landfalling TCs in SP El Niño years also lasted longer. The TC best tracks with different classifications in the typhoon season of the two types of El Niño years were further investigated (Figure 2). TCs in both types of El Niño years usually tracked northwestward, and most made landfall south of 30° N.



In terms of landfalling TCs, we focused more on TCs after they made landfall. The average position of TCs in SP El Niño years was 115.90° E and 25.58° N, while that of SU El Niño years was 113.66° E and 23.64° N. The differences between those positions passed the 95% significance test (Table 1). For SP El Niño years, the average landfall intensity of TCs was 62.79 kt, whereas it was only 52.99 kt for SU El Nino years, indicating a reduction of approximately 18.5% (p = 0.03). This was because TCs made landfall more intensely in SP El Niño years (Table 2). Meanwhile, the average intensity of TCs after landfall in SP El Niño years (40.26 kt) was significantly greater than that in SU El Niño years (35.54 kt), indicating that landfalling TCs in China during SP El Niño years could cause greater disasters and losses in the landfall area compared to those during SU El Niño years.



To further understand the characteristics of landfalling TCs in China during SP and SU El Niño years, we calculated the average TC position (Figure 3), intensity, and duration with different landfall intensities (Table 2). Based on Figure 3, the stronger the landfall intensity of landfalling TCs in China, the more eastward their genesis locations. In SP El Niño years, STS-level TCs were more likely to be generated over the South China Sea, leading to a westward shift in the mean position of TC formation compared to that in SU El Niño years. In SU El Niño years, the mean genesis location of TY-level TCs shifted eastward in comparison to that in SP El Niño years. There was little difference in the genesis position of TD+TS-level TCs between the two types of El Niño years.



Table 2 shows that in SP El Niño years, the number of TY-level TCs (21) accounted for the largest proportion of the total number (47) at 44.7%, while in SU El Niño years, TD+TS-level TCs (25) made up the largest proportion at 48.1%. This implied that landfalling TCs in China in SP El Niño years were likely to make landfall at a stronger intensity than those in SU El Niño years. Compared to SU El Niño years, the average position of TD+TS-level TCs in SP El Niño years shifted significantly northeastward. In contrast, the average positions of both STS-level TCs and TY-level TCs shifted significantly southwestward. The average intensity of TD+TS-level TCs was significantly stronger in SP El Niño years than in SU El Niño years (p = 0.02), whereas the average intensities of STS-level TCs and TY-level TCs were weaker in SP El Niño years but this did not pass the 95% significance test. In terms of TC duration, TD+TS-level and TY-level TCs in SP El Niño years lasted longer than those in SU El Niño years, while the duration of STS-level TCs was the opposite.



Previous studies have shown that differences in TC genesis locations [11,33,41,42] and TC landfall locations [25,43,44] can cause various impacts on coastal countries and regions. Consequently, the possible impacts of TCs with different generation sources (i.e., the South China Sea (SCS) and the Western North Pacific (WNP)) and those at various landfall locations (i.e., Eastern China (EC) and Southern China (SC)) on China during two types of El Niño years were further analyzed in this work.




3.2. Landfalling TCs Generated over the SCS and WNP


In this section, we divided TC genesis locations into the SCS and WNP according to a boundary line along 120° N. From 1951 to 2017, 89 (20%) and 364 (80%) landfalling TCs were generated in the SCS (TCSCS) and WNP (TCWNP), respectively. Among them, 13 landfalling TCs were generated in the SCS region during SP El Niño years and 12 were generated during SU El Niño years, while 34 and 40 TCs were generated in the WNP region during SP and SU El Niño years, respectively (Table 3). Figure 4 displays the moving tracks of landfalling TCs generated in the SCS and WNP regions during the two types of El Niño years. As shown in Figure 4a,c, the moving tracks of TCSCS were diverse in SP El Niño years, while they tended to move northwestward during SU El Niño years, mostly making landfall in the western parts of Guangdong Province and Hainan Province. Meanwhile, TCWNP tended to move northwestward during both types of El Niño years (Figure 4b,d). Therefore, the results in Table 3 were obtained statistically, and there were no significant differences in the mean genesis positions of landfalling TCs in the SCS and WNP regions between the two types of El Niño years. In terms of average position, the average longitude of TCSCS shifted significantly eastward in SP El Niño years compared to that in SU El Niño years (p = 0.02), whereas TCWNP shifted significantly southwestward in SP El Niño years compared to SU El Niño years (p < 0.01). In terms of average intensity, the average intensities of both TCSCS and TCWNP in SP El Niño years were significantly greater than those in SU El Niño years (p < 0.01). This indicated that TCs generated in both the SCS and WNP genesis regions during SP El Niño years were stronger than those generated in SU El Niño years.



The TC parameters of TCs after landfall were also examined (Table 3). Compared to SU El Niño years, the average position of TCSCS shifted significantly northeastward in SP El Niño years (p < 0.01). This could be verified by their moving tracks. In the WNP region, the average position of TCs in SP El Niño years also shifted northeastward compared to that in SU El Niño years, but this did not pass the statistical significance test. In terms of intensity, the average post-landfall intensity of TCSCS was significantly stronger in SP El Niño years (p < 0.01). It is also worth noting that the landfall intensity of TCSCS in SU El Niño years was apparently weaker than that of SP El Niño years (p = 0.01) because TCSCS usually made landfall at the TD+TS level in SU El Niño years (Figure 3b).




3.3. TCs Making Landfall in East and South China


Likewise, according to the results of previous studies [11,25], the eastern coastal region of China was subdivided into EC and SC using a 25°N boundary line. There were 387 TCs (85%) that made landfall in SC (TCSC) from 1951 to 2017, while 66 TCs (15%) made landfall in EC (TCEC). Among them, 6 TCs made landfall in EC during SP El Niño years and 10 made landfall during SU El Niño years, while 41 and 42 TCs made landfall in SC during SP and SU El Niño years, respectively (Table 4). Figure 5 shows the moving tracks of TCs that made landfall in EC and SC during the two types of El Niño years. TCEC were generated in the WNP region during both types of El Niño years (Figure 5a,c). As seen in Table 4, compared to SU El Niño years, the average latitude of the TCSC shifted significantly southward, and their average intensity was significantly stronger in SP El Niño years (p < 0.01). Additionally, TCEC had a longer mean lifetime duration in the SP El Niño years.



According to the post-landfall statistics of TCs (Table 4), the average position of TCEC was significantly northwestward in SP El Niño years, whereas, for TCs that made landfall in SC, the average position was significantly northeastward in SP El Niño years. It is noteworthy that the average intensity and landfall intensity of TCSC in SP El Niño years were significantly greater than those in SU El Niño years (p < 0.01), whereas the average intensity and landfall intensity of TCEC were the opposite. Additionally, post-landfall TCEC lasted significantly longer in SP El Niño years than in SU El Niño years.





4. Mechanistic Analysis


In the previous section, we found that the average post-landfall intensity of landfalling TCs in China in the SP El Niño years was statistically significantly greater than that in the SU El Niño years. So, we then explored how the different onset times of El Niño events caused these significant differences in the average post-landfall intensity of TCs in China.



The post-landfall development of tropical cyclones can be influenced by thermodynamic and atmospheric dynamical factors [12]. Figure 6a,b display the differences in relative humidity at 600 hPa and TCWV during the typhoon season of the two types of El Niño years. Both of these factors showed significant positive differences between the main active regions after TCs made landfall. It is well known that atmospheric water vapor content is mainly concentrated in the lower and middle troposphere. High mid-level relative humidity is conducive to developing convective activity and releasing latent heat from condensation, which promotes the development of tropical cyclones [45]. In comparison to SU El Niño years, the higher mid-level relative humidities and the more abundant water vapor contents in the main active regions after landfalling TC activities supported the prolonged duration and intensity of TCs during SP El Niño years. Furthermore, the differences in horizontal wind at 850 hPa (Figure 6c) showed that there were significant anomalous southwesterly flows over the southeastern coast of China in SP El Niño years. These anomalous southwesterly flows favored the transportation of water vapor, thus providing a source of heat for the development of landfalling TCs.



In addition to the influence of thermodynamic factors, atmospheric dynamical factors also affect TC activities. Low-level relative vorticity and vertical velocity at 500 hPa are particularly important dynamical factors that affect TC activities. Greater low-level relative vorticities facilitate the low-level convergence and upward transportation of water vapor, thus promoting TC development. Figure 7a shows the differences in low-level relative vorticity between the typhoon season for the two types of El Niño years. It shows that there was a significant positive difference between low-level relative vorticities in the main TC activity regions after TCs made landfall, which contributed to the maintenance of TC intensity in SP El Niño years. Because of the increased low-level relative vorticities in the main TC activity areas after TCs landfall in SP El Niño years, the low-level convergence was enhanced, and there was a significant anomalous upward motion at 500 hPa (Figure 7b), which also facilitated the development of TCs.



In general, compared to SU El Niño years, the anomalous southwesterly flows at 850 hPa over the southeast coast of China in the SP El Niño year transported water vapor that contributed to the development of landfalling TCs. The thermodynamic factors (i.e., mid-level relative humidity and TCWV) and dynamical factors (i.e., low-level relative vorticity and vertical velocity at 500 hPa) in the main active regions after TCs made landfall were favorable for maintaining TC intensity and duration.




5. Conclusions


In this study, according to the definitions of Xu and Chan [27], Xu et al. [29], and Liang et al. [30], we identified eight SP El Niño events and eight SU El Niño events during the period of 1951–2017. Subsequently, we compared the characteristics of TCs that made landfall in China during the typhoon season of the SP and SU El Niño years and their possible impact mechanisms. Our main conclusions were as follows:



The average latitude of TCs that made landfall in China shifted significantly southward, and the average intensity was significantly stronger during the typhoon season of SP El Niño years relative to that of SU El Niño years. In SP El Niño years, TCs made landfall in China with stronger landfall intensity, but the average intensities of STS-level TCs and TY-level TCs were weaker than those in SU El Niño years. In addition, more STS-level TCs were generated in the SCS and made landfall in China during SP El Niño years. Furthermore, the landfalling TC parameters also differed in terms of the genesis region and landfall locations. It is noteworthy that in SP El Niño years, the landfall intensity and average post-landfall intensity of TCEC were weaker than those in SU El Niño years. In contrast, the intensity of TCSC was the opposite. TCEC also lasted significantly longer in SP El Niño years. The landfall intensity and average post-landfall intensity in SP El Niño years were greater than those in SU El Niño years, which meant that TCs in SP El Niño years had a greater potential to cause damage after making landfall in China. During SP El Niño years, the large-scale conditions over the southeast coast of China were more likely to include a moister mid-level relative humidity and TCWV, a stronger relative vorticity in the low-level troposphere, and a stronger vertical velocity at 500 hPa. These conditions were beneficial for maintaining TC intensity and post-landfall duration.



Overall, we concluded that more attention should be paid to TCs generated during SP El Niño events because of their higher landfall intensity, which makes them more likely to cause more destructive damage in China after they make landfall. As presented in the previous sections, TC activities could be predicted on a seasonal scale based on the onset time of an El Niño event. For example, since SP El Niño events occur earlier, they could be identified from the early stages of SST anomalies in the tropical Pacific. When an SP El Niño event occurs, it is likely that stronger and longer TCs will make landfall in China during the following typhoon season. Therefore, measures could be taken in advance by the relevant authorities to mitigate the adverse effects of TCs.
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Figure 1. The Niño3.4 indices from the developing year to the decaying year of (a) SP El Niño events and (b) SU El Niño events. The El Niño developing and decaying years are denoted by year (0) and year (+1), respectively. 
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Figure 2. The best track data for the different classifications of TCs making landfall in China during SP (a) and SU (b) El Niño years. 
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Figure 3. The genesis positions of the different classifications of landfalling TCs in China during SP (a) and SU (b) El Niño years. The different symbols denote the genesis positions of TD+TS (triangle), STS (diamond), and TY (dots). The gray symbols indicate the mean TC genesis positions between 1951 and 2017 with regard to the TC categories. 
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Figure 4. The best track data for landfalling TCs with different genesis locations (i.e., (a,c) the SCS and (b,d) WNP) in SP and SU El Niño years. The black dots denote the genesis positions. 
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Figure 5. Same as Figure 4, but for TCs with different landfall locations ((a,c) EC and (b,d) SC). 
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Figure 6. The differences (SP minus SU) in the (a) relative humidity at 600 hPa (unit: %), (b) TCWV (unit: kg·m−2), and (c) horizontal wind (unit: m·s−1) at 850 hPa during the typhoon season of SP and SU El Niño years. The (a,b) dots and (c) shaded areas mark the areas that were statistically significant at the 95% confidence level. 
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Figure 7. The differences (SP minus SU) in the (a) relative vorticity at 850 hPa (unit: 10−6 s−1), and (b) vertical velocity at 500 hPa (unit: Pa·s−1) during the typhoon season of SP and SU El Niño years. The dots mark the areas that were statistically significant at the 95% confidence level. 
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Table 1. The differences between the TC parameters of landfalling TCs in China during the typhoon season of SP and SU El Niño years. The total represents the entire track of each TC, and post-landfall represents the post-landfall track of each TC. The differences (sixth column) were the rates of change in SP El Niño years relative to SU El Niño years. A * indicates statistical significance at the 95% confidence level, based on the Wilcoxon–Mann–Whitney test. The p-value is the statistical significance of the last column.
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TC Parameter

	
Clim

	
SP

	
SU

	
Diff

(%)

	
p-Value






	

	
TC count

	
453

	
47

	
52

	
-

	
-




	
Total

	
Genesis Lon (° E)

	
133.05

	
133.01

	
133.72

	
−0.5

	
0.69




	
Genesis Lat (° N)

	
14.67

	
13.70

	
15.12

	
−9.4

	
0.21




	
Lon (° E)

	
124.65

	
124.74

	
125.29

	
−0.4

	
0.10




	
Lat (° N)

	
19.25

	
19.23

	
19.73

	
−2.5 *

	
<0.01




	
Intensity (kt)

	
54.42

	
55.53

	
51.65

	
7.5 *

	
<0.01




	
Duration (days)

	
6.88

	
8.00

	
7.05

	
13.5

	
0.29




	
Post-Landfall

	
Lon (° E)

	
115.20

	
115.90

	
113.66

	
2.0 *

	
<0.01




	
Lat (° N)

	
24.66

	
25.58

	
23.64

	
8.2 *

	
<0.01




	
Intensity (kt)

	
41.68

	
40.26

	
35.54

	
13.3 *

	
<0.01




	
Landfall Intensity (kt)

	
58.53

	
62.79

	
52.99

	
18.5 *

	
0.03




	
Duration (days)

	
1.47

	
1.77

	
1.56

	
13.0

	
0.43
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Table 2. The TC parameters of the different classifications of TCs making landfall in China during SP and SU El Niño years. The differences (sixth column) were the rates of change in SP El Niño years relative to SU El Niño years. A * indicates statistical significance at the 95% confidence level, based on the Wilcoxon–Mann–Whitney test. The p-value is the statistical significance of the last column.
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TC Parameter

	
TC Classification

	
Clim

	
SP

	
SU

	
Diff

(%)

	
p-Value






	
TC Count

	
TD+TS

	
176

	
13

	
25

	
-

	
-




	
STS

	
109

	
13

	
13

	
-

	
-




	
TY

	
168

	
21

	
14

	
-

	
-




	
Lon (° E)

	
TD+TS

	
122.35

	
121.97

	
120.46

	
1.3 *

	
<0.01




	
STS

	
124.40

	
120.24

	
124.72

	
−3.6 *

	
<0.01




	
TY

	
126.54

	
128.22

	
131.64

	
−2.6 *

	
<0.01




	
Lat (° N)

	
TD+TS

	
19.48

	
20.52

	
18.91

	
8.5 *

	
<0.01




	
STS

	
19.09

	
17.64

	
20.82

	
−15.3 *

	
<0.01




	
TY

	
19.17

	
19.24

	
19.81

	
−2.9 *

	
<0.01




	
Intensity (kt)

	
TD+TS

	
44.03

	
43.43

	
40.96

	
6.0 *

	
0.02




	
STS

	
49.88

	
45.37

	
47.33

	
−4.1

	
0.38




	
TY

	
64.94

	
66.50

	
68.23

	
−2.5

	
0.34




	
Duration (days)

	
TD+TS

	
5.77

	
7.82

	
5.85

	
33.7

	
0.36




	
STS

	
7.05

	
6.47

	
7.71

	
−16.1

	
0.52




	
TY

	
7.94

	
9.07

	
8.59

	
5.6

	
0.84
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Table 3. The TC parameters of landfalling TCs with different genesis locations (i.e., the SCS and WNP) in SP and SU El Niño years. The total represents the entire track of each TC, and post-landfall represents the post-landfall track of each TC. The differences (Diff) were the rates of change in SP El Niño years relative to SU El Niño years. A * indicates statistical significance at the 95% confidence level, based on the Wilcoxon–Mann–Whitney test. The p-value is the statistical significance of the differences (Diff).






Table 3. The TC parameters of landfalling TCs with different genesis locations (i.e., the SCS and WNP) in SP and SU El Niño years. The total represents the entire track of each TC, and post-landfall represents the post-landfall track of each TC. The differences (Diff) were the rates of change in SP El Niño years relative to SU El Niño years. A * indicates statistical significance at the 95% confidence level, based on the Wilcoxon–Mann–Whitney test. The p-value is the statistical significance of the differences (Diff).





	

	
TC Parameter

	
SCS

	
WNP




	
SP

	
SU

	
Diff

(%)

	
p-Value

	
SP

	
SU

	
Diff

(%)

	
p-Value






	

	
TC Count

	
13

	
12

	
-

	
-

	
34

	
40

	
-

	
-




	
Genesis Lon (° E)

	
115.60

	
116.04

	
−0.4

	
0.64

	
139.67

	
139.03

	
0.5

	
0.94




	
Genesis Lat (° N)

	
16.69

	
16.93

	
−1.4

	
0.81

	
12.55

	
14.58

	
−14.0

	
0.13




	
Total

	
Lon (° E)

	
114.30

	
113.09

	
1.1 *

	
0.02

	
127.03

	
128.09

	
−0.8 *

	
<0.01




	
Lat (° N)

	
19.86

	
19.16

	
3.7

	
0.63

	
19.09

	
19.86

	
−3.9 *

	
<0.01




	
Intensity (kt)

	
35.81

	
32.28

	
10.9 *

	
<0.01

	
59.86

	
56.09

	
6.7 *

	
<0.01




	
Duration (days)

	
5.20

	
5.70

	
−8.8

	
0.76

	
9.07

	
7.46

	
21.6

	
0.08




	
Post-Landfall

	
Lon (° E)

	
114.99

	
110.25

	
4.3 *

	
<0.01

	
116.26

	
115.28

	
0.9

	
0.63




	
Lat (° N)

	
23.71

	
20.78

	
14.1 *

	
<0.01

	
26.34

	
24.99

	
5.4

	
0.15




	
Intensity (kt)

	
36.11

	
26.45

	
36.5 *

	
<0.01

	
41.94

	
39.85

	
5.2

	
0.44




	
Landfall Intensity (kt)

	
50.54

	
34.75

	
45.4 *

	
0.01

	
67.47

	
58.48

	
15.4

	
0.08




	
Duration (days)

	
1.84

	
2.18

	
−15.6

	
0.55

	
1.74

	
1.38

	
26.1

	
0.61











[image: Table] 





Table 4. Same as Table 3, but for TCs with different landfall locations (i.e., EC and SC).
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TC Parameter

	
EC

	
SC




	
SP

	
SU

	
Diff

(%)

	
p-Value

	
SP

	
SU

	
Diff

(%)

	
p-Value






	

	
TC Count

	
6

	
10

	
-

	
-

	
41

	
42

	
-

	
-




	
Genesis Lon (° E)

	
147.77

	
143.29

	
3.1

	
0.43

	
130.85

	
131.44

	
−0.4

	
0.82




	
Genesis Lat (° N)

	
12.07

	
14.87

	
−18.8

	
0.62

	
13.94

	
15.18

	
−8.2

	
0.24




	
Total

	
Lon (° E)

	
132.36

	
131.35

	
0.8

	
0.95

	
122.61

	
123.41

	
−0.6

	
0.87




	
Lat (° N)

	
22.67

	
22.30

	
1.7

	
0.94

	
18.26

	
18.92

	
−3.5 *

	
<0.01




	
Intensity (kt)

	
63.55

	
63.81

	
−0.4

	
0.83

	
53.29

	
47.86

	
11.3 *

	
<0.01




	
Duration (days)

	
13.71

	
8.70

	
57.6

	
0.11

	
7.17

	
6.66

	
7.7

	
0.33




	
Post-landfall

	
Lon (° E)

	
118.54

	
118.81

	
−0.2 *

	
0.03

	
115.36

	
112.92

	
2.2 *

	
<0.01




	
Lat (° N)

	
34.66

	
29.33

	
18.2 *

	
<0.01

	
23.74

	
22.82

	
4.0 *

	
<0.01




	
Intensity (kt)

	
25.11

	
46.89

	
−46.4 *

	
<0.01

	
43.34

	
33.90

	
27.8 *

	
<0.01




	
Landfall Intensity (kt)

	
49.00

	
67.90

	
−27.8

	
0.23

	
64.80

	
49.45

	
31.0 *

	
<0.01




	
Duration (days)

	
2.33

	
1.03

	
126.2 *

	
<0.01

	
1.68

	
1.69

	
−0.6

	
0.78
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