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A decadal variation in the frequency of tropical cyclones (TCs) that reached their

lifetime maximum intensity (LMI) in the South China Sea (SCS; 5°N-25°N, 107°E-

121°E) from 1978 to 2020 was identified. TCs that generated and reached LMI in

the SCS were named “local TCs,” while those that generated in the western

North Pacific (WNP) and reached LMI in the SCS were named “migratory TCs.” A

seesaw phenomenon in the frequencies of these two types of TCs was found

before and after 1997. From 1978 to 1996, TC frequency was generally lower in

local TCs but higher inmigratory TCs. The opposite was true from 1997 to 2020.

Themain factors responsible for this “seesaw” phenomenon include changes in

the genesis positions of TCs and the interdecadal variation of large-scale

environmental flow patterns. From 1997 to 2020, during which the large-

scale steering flow was favorable for local TCs, the monsoon trough over

theWNPwithdrewwestward alongwith thewarmpool and the subtropical high

strengthened westward. Meanwhile, the sea surface temperature (SST) gradient

between the equator and mid-latitudes decreased and the north wind

weakened near 120°E. Easterly winds were strengthened in the equatorial

region, which led to an abnormal anticyclone and the divergence of water

vapor in the WNP. In contrast, the SST of the SCS, an internal sea, increased

significantly. Under local atmosphere-ocean interaction, abnormal cyclonic

circulation appeared in the SCS, which led to intensified convergence and

intensified wet convection. Changes in the environmental fields in theWNP and

SCS are the main reasons for the seesaw phenomenon observed in these two

types of TCs.
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1 Introduction

The South China Sea (SCS), located south of mainland

China, lies in the western part of the Pacific Ocean. It is one

of the locations where tropical cyclones (TCs) form (Chen, 1990)

and is influenced by westward-shifting TCs generated in the

western North Pacific (WNP). Approximately 67% of rapid

intensification of TCs occurred in the SCS, which is much

higher than that in the East China Sea (23%) and Yellow Sea

(10%) (Liu and Rong, 1995; Yan, 1996; Lin et al., 2006). TCs in

the SCS have caused severe damage to South China and Vietnam

owing to their rapid intensification, variable paths, and complex

rainstorm patterns (Chen et al., 2004; Zhang et al., 2009; Duan

et al., 2014; Wen et al., 2019; Tran-Quang et al., 2020). There are

obvious differences in climate characteristics of the SCS and

WNP basins (Zhang, 2003). The WNP basin is vast and less

influenced by the surrounding land and the upper ocean warm

water is deeper than the SCS (Lin et al., 2008), leading to a higher

upper ocean heat content (Goni and Trinanes, 2003; Lin et al.,

2009). As a powerful large-scale circulation background factor

for TCs genesis, the spatial scale and intensity of the monsoon

troughs are often stronger in theWNP than in the SCS (Harr and

Elsberry, 1995; Mao and Wu, 2010). A large difference exists

between TCs over the SCS and the WNP. Approximately 76% of

TCs over the WNP develop into typhoons or super typhoons,

while TCs over the SCS which annual average number of

typhoons or super typhoons accounted for 28.6% of the total

number of TCs are much weaker (Yuan et al., 2007; Feng et al.,

2013; Hao andMao, 2015). Therefore, it is important to study the

different characteristics of TCs between the SCS and WNP in a

changing climate.

Previous studies on TC activity in the SCS and WNP have

mainly focused on decadal timescales. Three suppressed TC

frequency periods (1951–1960, 1973–1985, and 1995–2018)

and two enhanced TC frequency periods (1961–1972 and

1986–1994) were found in the WNP (Yumoto and Matsuura,

2001; Liu and Chan, 2013). However, two inactive periods

(1979–1993 and 2003–2010) and two active periods

(1965–74 and 1995–2004) were identified in the SCS. These

activities in the SCS might be due to changes in the surface sea

temperature (SST) gradient between the Indian Ocean and the

WNP and the intensity of the East Asian jet stream (Wang et al.,

2012; Li and Zhou, 2014). Another study showed that the

birthplace of TCs and vertical moisture advection dominated

the interdecadal variation in TCs intensity over the SCS (Zheng

and Wang, 2022). Previous studies have also found that the TC

frequency across oceans appeared to show “seesaw” variability,

which means the inverse phase change. Wang et al. (2022)

identified a decadal variation in TCs genesis between the

WNP and North Atlantic (NA) with a seesaw variability,

which is proposed to be related to the contact teleconnection

of the subtropical east-west triggered by the Atlantic Decadal

Oscillation and causes the opposite changes of the environmental

fields in the WNP and NA. A seesaw phenomenon was also

observed in TC activities in North America and the Northeast

Pacific (Elsner et al., 1999), caused by opposite changes in the

large-scale conditions of these basins shaped by the El Nino-

Southern Oscillation (ENSO), Atlantic Multidecadal Oscillation

(AMO), and Atlantic Meridional Modes (Frank and Young,

2007; Wang and Lee, 2009; Patricola et al., 2017). Wang et al.

(2020) proposed that opposite large-scale conditions in the NA

and North Pacific are associated with reverse standing wave

activity (tropical upper tropospheric trough) in both oceans.

However, few studies have focused on the interdecadal

comparison of TCs between the SCS and WNP. It is also

unknown whether the frequencies of TCs in the WNP and

SCS show a seesaw phenomenon.

Many studies have investigated the activities of TCs lifetime

maximum intensity (LMI). The annual average LMI latitude of

TCs above the tropical storm intensity increased significantly

from 1960 to 2016 (Liu and Chan, 2019). They also found that a

significant interdecadal variation was observed in strong TCs

(category 4–5), that is, TCs LMI latitudes were higher in

1960–1969 and 1991–2011, but lower in 1970–1990 and

2012–2016. Song et al. (2018) studied standard deviation of

LMI and found that the occurrence frequency of the strongest

and weakest TCs around the world during 1999–2016 was greater

than that during 1981–1998. Lu and Tang (2021) used a machine

learning method to study the distribution of the LMI, which

revealed that the circulation of high LMI is that lower latitude is

embedded in the continuous band with high vorticity in the

lower troposphere, and the circulation in the upper and lower

troposphere is more dense. Recent studies have mainly focused

on the characteristics of LMI in global regions or oceans, but few

studies have focused on local small continental seas, such as

the SCS.

The remainder of the paper is structured as follows: Section 2

presents the data and methods. Section 3 studies the decadal

variation of the two types of TCs is studied and discusses the

possible factors causing these changes. Finally, Section 4 presents

the discussion and conclusions.

2 Data and methods

2.1 Data

Monthly average atmospheric circulation reanalysis data

were provided by the US Center for Environmental Prediction

(Kalnay et al., 1996), covering the period 1978–2020 with a

horizontal resolution of 2.5° latitude × 2.5° longitude and nine

layers from 1000 to 200 hPa in the vertical direction, including

vertical velocity, potential height, specific humidity, and wind.

Because of our TCs research range in the WNP and SCS, we used

the International Best Track Archive for Climate Stewardship

(IBTrACS) Version 04 data (Knapp et al., 2010), including the
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TC records from Joint Typhoon Warning Center (JTWC),

Shanghai Typhoon Institute of China Meteorological

Administration (CMA), and Hong Kong Observatory (HKO),

etc. Monthly mean SST data covering 1978–2020 were obtained

from the Hadley Center (Rayner et al., 2006), with a horizontal

resolution of 1.0° latitude × 1.0° longitude.

2.2 Methods

One of the previous research metrics for TC is LMI, and LMI

of TCs has been recommended as a steady indicator to study TCs,

because its geographical location is comparatively insensitive to

data uncertainties (Kossin et al., 2014, 2016; Moon et al., 2015,

Moon et al., 2016; Zhan and Wang 2017; Song et al., 2018; Wang

and Wu 2019; Zhao et al., 2022). This study follows the previous

definition of LMI, in which TCs.

Reach maximum wind speed in their lifetime (Kossin et al.,

2014, 2016; Song et al., 2018; Zhao et al., 2022). To better study

the characteristics of TC LMI in the SCS (5°N-25°N, 107°E-

121°E), we selected TCs that passed over the SCS and reached the

maximum wind speeds in their lifetime.

The first point at which the intensity was ≥25 knots was

defined as the TC genesis position. Two types of TCs enter the

SCS: one is generated locally and the other is generated from the

WNP and moves into the SCS. However, the intensity and

genesis frequency of these two types of TCs differ (Chen,

1990; Yuan et al., 2007). To better reveal the decadal

variations of these two types TCs, TCs that reach LMI in the

SCS were divided into two groups: those that generated and

reached LMI in the SCS were “local TCs” and those that

generated in the WNP and reached LMI in the SCS were

“migratory TCs.” The large-scale circulation fields, thermal

and dynamic characteristics (Emanuel and Nolan, 2004) that

reveal the causes of TC frequency seesaw, were respectively

composited by the two types of TCs. The statistical test

method used in this study was student’s t-test.

3 Results

3.1 A seesaw relationship

A total of 303 TCs reached the LMI in the SCS from 1978 to

2020, of which 173 were local TCs (accounting for 57.1% of total

TCs reached the LMI in the SCS) and 130 were migratory TCs

(accounting for 42.9% of total TCs reached the LMI in the SCS).

As with all typhoons, the generation of local andmigratory TCs is

influenced by Coriolis forces (Gray, 1979), resulting in the

location of TC generation being mainly concentrated north of

5°N. The local TCs generation positions were evenly distributed

in the interior of the SCS. Note that most of the migratory TCs

generated west of 140°E of the WNP (Figure 1). However,

because TCs generation positions was not the focus of this

study, no further investigation will be conducted. As shown in

Figure 1, the prevailing tracks of local TCs prevailing tracks were

variable, mainly consisting of northwest and northeast, while the

majority of migratory TCs were westward into the SCS. Local

TCs reached LMI mainly on the western and northern of the SCS

while the locations where migratory TCs reached LMI were more

evenly distributed. The reason why migratory TCs reached LMI

were more evenly distributed was not the focus of this study.

FIGURE 1
TCs Locations that reached their LMI (red dots) and the tracks from TCs genesis positions to their LMI location (gray lines) during 1978–2020 for
(A) local TCs that generated and reached LMI in the SCS and (B)migratory TCs that generated in theWNP and reached LMI in the SCS. The blue boxes
indicate the SCS region. Green box indicates the SCS and the WNP region. TCs data is from best-track dataset of JTWC during 1978–2020.

Frontiers in Earth Science frontiersin.org03

Huang et al. 10.3389/feart.2022.980220

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2022.980220


From 1978 to 2020, the average frequency of local TCs

(4.02 per year) was greater than that of migratory TCs

(3.02 per year). The interdecadal variation of these two TC

groups showed a seesaw phenomenon around 1997 (Figure 2).

That is, the average frequency of local TCs increased significantly

from 3.21 from 1978 to 1996 to 4.67 from 1997 to 2020 (p<0.05).
In contrast, the average frequency of migratory TCs was

3.47 from 1978 to 1996 and decreased to 2.67 (p<0.1) from

1997 to 2020. Several datasets were used for verification to ensure

the reliability of these observed seesaw phenomena. Standardized

TC frequencies of the CMA, JTWC, and HKO that reached the

LMI in the SCS were compared (Figure 3). The interannual

variations and linear trends of different institutions were the

similar from 1978 to 2020. To facilitate the analysis, JTWC data

were adopted for further analysis.

Wang (2013) showed the seasonal variation characteristics of

TCs genesis in the SCS using the genesis potential index (GPI)

(Emanuel and Nolan, 2004), finding that the number of TCs in

the SCS increases after May and peaks in August and September.

Wang et al. (2007) found that, from 1948 to 2003, 157 TCs

generated north of 12°N from May–September (southwest

monsoon period), while 65 TCs generated south of 18°N from

October–December (northeast monsoon period). According to

our statistics, 303 TCs reached LMI in the SCS from 1978 to

FIGURE 2
Annual frequency of (A) local TCs and (B) migratory TCs reaching LMI in the SCS region. The blue lines denote 1978–1996 and
1997–2020 average of the TCs frequency. TCs data is from best-track dataset of JTWC during 1978–2020.

FIGURE 3
Annual standardized frequency of (A) local TCs and (B)migratory TCs that reaching LMI using different best-track dataset from the HKO, CMA,
JTWC during 1978–2020.
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2020, with 265 reaching LMI from June–November, accounting

for 87.5% of the total. In addition, TC genesis was mainly

concentrated from June–November, which is consistent with

the conclusions of previous studies that TCs generally form in

boreal summer and autumn in the SCS (Zhang et al., 2009;Wang,

2013).

Since TCs that reached the LMI in the SCS generally

originated from June–November, the TC genesis circulation

characteristics from June–November can represent most TCs.

Therefore, to discuss the possible reasons for the seesaw

relationship between these two groups of TCs frequencies

around 1997, the changes in atmospheric circulation and the

ocean environment in the SCS and WNP from June–November

were analyzed synthetically.

3.2 Large-scale circulation variations
responsible for TC frequency changes

TC activity in theWNP is closely related to the location of the

monsoon trough (Wu et al., 2012). When the monsoon trough

retreated westward, fewer TCs were formed in the southeastern

part of the WNP; that is, TCs were more likely to occur in the

northwest. To analyze the changes in the monsoon trough in

June–November from 1978 to 1996 and 1997–2020, the average

streamline distributions at 850 hPa during these two periods are

shown in Figure 4. From 1978 to 1996, the SCS was dominated by

cyclonic circulation and the WNP was occupied by a monsoon

trough extending from the SCS to the east of 140°E with a

northwest-southeast trend (Figure 4A). At the same time, the

positions where local TCs and migratory TCs reached LMI were

mainly located in the west of the SCS. At the same time, these

locations were relatively concentrated in the north of 10°N and

the locations of migratory TCs were generally westward into the

SCS. From 1997 to 2020, the cyclonic circulation over the SCS

was strengthened and the monsoon trough in the WNP was

weakened and retreated westward to the west of 140°E

(Figure 4B). Under the evolution of these large-scale

circulation variations, more local TCs appeared in the SCS

and the LMI locations were more scattered. Note also that the

genesis and LMI locations of migratory TCs were more westward

with a more dispersed track.

From 1978 to 1996, the monsoon trough lied east-south over

the WNP, local TCs reached LMI in the west of the SCS, and

migratory TCs reached LMI east. Migratory TCs had a basically

northwest path and were more concentrated north of 10°N

(Figure 4A). From 1997 to 2020, the monsoon trough in the

SCS was strengthened and the monsoon trough in the WNP was

weakened. In other words, the monsoon trough retracted, which

led to the westward TCs generation point, increasing the TCs

generated in the SCS and decreasing the TCs generated in the

WNP (Figure 4B). The SCS was favorable for the formation and

strengthening of TCs while the WNP was unfavorable for the

early development of TCs. The paths of migratory TCs were also

northwestern but were relatively scattered and located north of

7°N. There was little difference between the two types of TCs in

terms of the location where they reached LMI.

The western Pacific subtropical high (WPSH) is one of the

main factors affecting TC genesis position and path (Wang et al.,

2017). Since the easterly wave located between the WPSH and

FIGURE 4
The streamline at 850-hPa and location of the LMI of local TCs (red dots) and migratory TCs (blue dots) for June–November during (A)
1978–1996 and (B) 1997–2020. The gray lines are TCs track from the genesis position to their LMI location.
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equator is one of the main flow patterns affecting TC genesis, the

intensity and north-south position of the WPSH may influence

TCs genesis. The average geopotential heights at 500 hPa from

June–November from 1978 to 1996 and 1997–2020 are shown in

Figures 5A,B, respectively. From 1978 to 1996, the WPSH was

located at approximately 20°N-25°N and 145°N-165°N with a

rather small range, while it expanded westward and southward

from 1997 to 2020. This may be one of the reasons that TCs

genesis was more westward from 1997 to 2020. As a result, more

TCs were likely to originate in the SCS and less in the WNP from

1997 to 2020 (Figure 4).

Chen and Huang (2006) studied the influence of the western

Pacific warm pool thermal state on TCs over the WNP and

indicated that there were fewer TCs in WNP and more TCs in

SCS in warm years. Figures 6A,B show the distributions of the

average SST from June–November from 1978 to 1996 and

1997–2020, respectively. Region of SST exceeding 28.5°C are

conducive to TC genesis and development. From 1978 to 1996,

the 28.5°C line was basically to the south of 10°N in the SCS and

18°N in the WNP (Figure 6A). From 1997 to 2020, the SST

increased significantly, with the Region of 28.5°C SST expanding

to 15°N in the SCS and the range of 29.5°C significantly from 5°N

expanding to 10°N in the WNP (Figure 6B). As a result, it is

expected that fewer TCs would be generated in the southeast

quadrant of theWNP from 1997 to 2020, which is consistent with

the results of Chen and Huang (2006).

The Walker circulation, a vast zonal overturning

atmospheric circulation across the tropical Pacific Ocean, is

FIGURE 5
The 500-hPa geopotential height (unit: m) averaged for June–November during (A) 1978–1996 and (B) 1997–2020. The gray areas indicate the
Western Pacific subtropical high region.

FIGURE 6
The sea surface temperature (shading, units: °C) and the 28.5°C and 29.5°C isothermal lines (black dashed lines) of the warm pool SST averaged
for the June–November during (A) 1978–1996 and (B) 1997–2020.
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named after Sir Gilbert Walker and is one of the most important

components of the global climate system. The rising branch of

the Walker circulation over the WNP affects TC genesis and

intensification (Chan, 1985). Because the TC genesis positions

and moving tracks were mainly concentrated between 10 and

25°N, to observe the changes in Walker circulation in these two

periods, the zonal mean vertical velocity difference in the 10°N-

25°N region between the two periods was determined (Figure 7).

FIGURE 7
Composite anomalies of mean vertical velocities (shading, units: Pascal s−1) profile between 10°N and 25°N for the June–November over the
Indo-Pacific Ocean. Arrows indicate zonal velocities (units: m s−1) and vertical velocities (units: 100 Pascal s−1). Indian Ocean region [60°E-100°E],
Northwest Pacific Ocean region [121°E-160°E], South China Sea region [107°E-121°E]. The stippled areas indicate the values are statistically significant
at the 90% confidence level.

FIGURE 8
Composite anomalies of wind (vectors, units: m s−1) and geopotential height (black dotted line, unit: m) at (A) 850-hPa and (B) 200-hPa. The
arrow areas indicate the values are statistically significant at the 90% confidence level. The letter A and C indicates for anticyclonic and cyclonic
circulation, respectively.
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The walker circulation was found to be weaker from 1997 to

2020 and the Indian Ocean and WNP basins showed abnormal

sinking at 100°E and between 150°E and 180°E, respectively.

Meanwhile, the rising branch of the Walker circulation over

the SCS and WNP was enhanced (110°E-150°E) because the two

abnormal sinking branches forced the production of abnormal

updrafts, which were conducive to TCs genesis over the SCS and

western WNP. As a result, the genesis position of migratory TCs

was mainly located to the west of 140°E, and few were found to

the east of 140°E (Figure 4).

3.3 Dynamic features

Previous studies have shown that, in contrast to TCs

generation in the Atlantic Ocean, dynamic conditions play

a much larger role than thermal conditions in influencing TC

generation in the WNP (Fu et al., 2012). Figure 8 shows the

difference between the wind field and contour field from

1978 to 1996 and 1997–2020. In the lower 850 hPa, the SCS

was a low-pressure anomaly and theWNP was a high-pressure

anomaly. There was abnormal easterly convergence at the

equator and a southerly wind anomaly appeared near 120°E.

From 1997 to 2020, the SST gradient of the equatorial region

and TC-generating region of the Philippines decreased

significantly, which may be the main reason for the south

wind anomaly. There was a southwest wind anomaly and a

cyclonic circulation anomaly in the lower troposphere in the

SCS, which were favorable for convergence. The anticyclonic

anomaly over the WNP was not conducive to the formation

and development of TCs. At 200 hPa, there was abnormally

high pressure over the SCS and a southwest anomaly of the

equatorial flow over the SCS. At the same time, there was a

convergence of the westerly winds over the WNP, a low-

pressure anomaly over the central Pacific, and a cyclonic

circulation anomaly. In terms of the wind field, the low-

level cyclonic circulation anomaly in the SCS was favorable

for the generation of TCs. The lower troposphere layer in the

WNP had abnormal anticyclonic circulation, and the

convergence of the high troposphere layer was not

conducive to the formation of TCs, indicating that the

formation of TCs was favorable to the west. The variation

in the wind field during the two periods may explain the

increasing frequency of local TCs and decreasing frequency of

migratory TCs.

From the perspective of dynamics, strong vertical wind

shear is usually not conducive to the enhancement of TCs.

Wei et al. (2018) found that westerly wind shear has a more

significant impact on TCs than easterly wind shear. Figure 9A

shows the difference in vertical wind shear between the two

periods and a positive anomaly of significant vertical wind

shear and westerly zonal wind shear in the generating area of

TCs in the WNP, which was not conducive to the generation

and development of TCs. However, the vertical wind shear of

SCS region remains unchanged compared with the SCS, the

WNP was more unfavorable to the generation and

development of TCs, which led to a westward shift in the

generation point of TCs, leading to an increase in the

frequency of TCs generated in the SCS, while the

frequency of TCs generated in the WNP decreased.

Previous studies have shown that environmental vorticity

distribution can affect the intensification of TCs (Rappin et al.,

2011; Wu et al., 2020). The relative vorticity difference between

the two periods was plotted to analyze the relative vorticity

distribution of the environmental field (Figure 9B). Figure 9B

shows insignificant positive vorticity anomalies in the SCS, while

the relative vorticity in the WNP decreased and was partially

significant; that is, the SCS was conducive to the generation and

FIGURE 9
Composite anomalies of (A) vertical wind shear (vector, 200-hPa minus 850-hPa, unit: m s−1) and (B) relative vorticity (contour, unit: 106 m s−1)
at 850-hPa. The vectors and shaded areas only indicate the values are statistically significant at the 90% confidence level.
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strengthening of TCs, whereas the WNP was unfavorable to the

early development of TCs.

3.4 Thermodynamic features

From the perspective of thermodynamics, changes in SST, heat

content of air-sea flux, and exchange coefficients significantly impact

the intensification rate of TCs (Shen and Ginis, 2003; Gao and Chiu,

2010). According to Figure 6, SST increased from 1997 to 2020,

increasing by 0.29°C in theWNP region, 0.32°C in the Indian Ocean

region, and 0.41°C in the SCS region.

Ge et al. (2013) found that decreases in environmental

humidity may inhibit the enhancement of TCs. From 1997 to

2020, the specific humidity increased in the SCS and WNP. The

specific humidity increased more in the WNP (0.441) than in the

SCS (0.316), indicating that specific humidity is not an important

condition affecting TC generation.

Water vapor flux is a physical quantity that reflects water vapor

transport and its value and direction can represent the size and

source of water vapor transport in a region (Li et al., 2015; Li et al.,

2018). Figure 10 shows the average divergence and difference in

water vapor flux between 1000 and 500 hPa from June-November

from 1978 to 1996 and 1997–2020. The TC generation area north of

10°N in the SCS region shows mid-low level moisture convergence

and some areas pass the significance test, while the area east of 130°E

in theWNPhasmid-low levelmoisture divergence. The water vapor

flux enters the SCS region from the WNP.

3.5 Complex connections between
various processes

Figure 11 combines the changes in large-scale circulation fields

and dynamic and thermal conditions from 1978 to 1996 and

1997–2020. From 1997 to 2020, owing to the SST gradient

between the equatorial regions and TCs, the area reduced and the

near 120°E north wind was weakened. At the same time, the equator

east wind was strengthened, warmwater accumulation and SST of the

WNP and SCS increased, and the western Pacific warm pool

expanded. The monsoon trough trended westward and enhanced

the monsoon trough in the SCS area, whereas the WNP monsoon

trough was abated. The WPSH extended westward to the south and

the overall area expanded. Because the SCS is an inland sea near the

mainland, its SST rosemore than those of the northwestern Pacific and

Indian oceans. Through local air-sea interaction, the SCS forms low-

level anomalous cyclonic circulation and low-level convergence. At the

FIGURE 10
Composite anomalies of water vapor flux divergence
(contour, unit: 10–5 kg m−2 s−1) and water vapor flux (vectors, unit:
102 kg m−1 s−1). The shaded areas and blue vectors indicate the
values are statistically significant at the 90% confidence level.

FIGURE 11
Physical mechanism diagram of interannual variation of TC frequency reaching LMI in the SCS. White arrows indicate wind, blue arrows circles
indicate cyclonic circulation (or anticyclonic circulation), green area indicate positive vertical wind shear anomalies, and orange arrows indicate zonal
circulation anomalies from 10°N to 25°N. The blue and orange areas indicate water vapor convergence and divergence areas. The white area
indicates positive relative vorticity.
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same time, the WNP region and Indian Ocean region Walker

circulations were anomalous, forcing local updrafts in the maritime

continent and SCS area and the SCS vorticity increased. The

convergence of water vapor in the middle and lower layers, namely

the increase in wet convection, formed an environment conducive to

the generation of TCs. Because the equatorial east wind enhanced and

the north wind weakened near 120°E, in theWNP region, anomalous

anticyclonic circulation formed, local sinking airflow appeared, vertical

wind shear increased, and atmospheric stability increased. The SST of

the WNP increased and the specific humidity increased, but lower

water vapor divergence and dynamic and thermal conditions were

formed against the TCs generated by the environment.

4 Conclusion and discussion

4.1 Conclusion

Previous studies on LMI were limited to the latitude and

intensity of TCs reaching LMI in large regional oceans (Wang

and Lee, 2009; Patricola et al., 2017; Wang et al., 2020). This study

divided the frequency of TCs reaching the LMI in the SCS into local

andmigratory TCs according to the source of generation. There was

a seesaw phenomenon in the frequency variation of the two types of

TCs before and after 1997. That is, local TCs showed an increase in

mutations after 1997, while migratory TCs showed a decrease.

From 1997 to 2020, the monsoon trough retreated westward, the

warm pool strengthened, and the WPSH strengthened westward.

Owing to the decrease in the SST gradient at the equator and mid-

latitudes, the north wind weakened in the region near 120°E, while

the east wind strengthened in the equatorial region, which led to an

abnormal anticyclone in theWNP region. In theWNP, the abnormal

anticyclone enhanced divergence, which led to the abnormal

subsidence of zonal circulation, increased vertical wind shear,

increased atmospheric stability, and water vapor divergence.

However, the SCS is an internal sea adjacent to the mainland and

experienced amore significant increase in SST than theWNP. Under

the action of local sea and air, abnormal cyclonic circulation and

convergence were enhanced, zonal circulation showed a weak

abnormal rise, vorticity increased, and wet convection was

enhanced. The change in the environmental field in the WNP

and SCS was the main reason for the seesaw phenomenon in the

two types of TCs.

4.2 Discussion

Different from previous studies on the seesaw of TCs in the two

oceans, for example, Wang et al. (2022) study on the seesaw of TCs

between the Atlantic Ocean and the WNP, which found that it was

related to the Atlantic Decadal Oscillation while the seesaw of TCs

activities in North America and the Northeast Pacific Ocean were

caused by the ENSO, AMO, and Atlantic Meridional Modes (Frank

and Young, 2007; Wang and Lee, 2009; Patricola et al., 2017), this

paper only analyzed the reasons for the seesaw phenomenon in the

variation trend of the frequency of the two types of TC around

1997 considering the influencing system anddynamic andwater vapor

conditions. Such an air-sea interactionmay shed light on the projected

suppressed TC genesis in the WNP but enhanced TC genesis in the

SCS in global warming. In addition, whether the intensity of the two

types of TC also showed a seesawphenomenon from1978 to 2020 and

the reasons for this need to be further discussed.
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