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Abstract: As a prime circulation system, the western Pacific subtropical high (WPSH) significantly
impacts tropical cyclone (TC) activities over the western North Pacific (WNP), especially TCs landing
on the east coast of China; however, the associated mechanism is not firmly established. This study
investigates the underlying dynamic impact of the first two empirical orthogonal function (EOF)
modes of the WPSH on the interannual variability in the genesis and number of TCs landing over the
WNP. The results show that these two dominant modes control the WNP TC activity over different
subregions via different environmental factors. The first mode (EOF1) affects the TC genesis number
over region I (105◦–128◦ E, 5◦–30◦ N) (r = −0.49) and region II (130◦–175◦ E, 17◦–30◦ N) (r = −0.5)
and controls the TCs landing on the east coast of China, while the second mode (EOF2) affects
the TC genesis number over region III (128◦–175◦ E, 5◦–17◦ N) (r = −0.69). The EOF1 mode, a
southwest-northeast-oriented enhanced pattern, causes the WPSH to expand (retreat) along the
southwest-northeast direction, which makes both mid-low-level relative humidity and low-level
vorticity unfavorable (favorable) for TC genesis in region I and region II and steers fewer (more)
TC tracks to land on the coast of China. The EOF2 mode features a strengthened WPSH over the
southeast quarter of the WNP region. The active (inactive) phases of this mode control the low-level
vorticity and vertical wind shear in region III, which lead to less (more) TC genesis over this region.
The prediction equations combining the two modes of the WPSH for the total number of TCs and
TCs that make landfall show high correlation coefficients. Our findings verify the high prediction
skill of the WPSH on WNP TC activities, provide a new way to predict TCs that will make landfall on
the east coast of China, and help to improve the future projection of WNP TC activity.

Keywords: subtropical high; tropical cyclone; inter-annual variability; forecast

1. Introduction

Tropical cyclones (TCs), among the severest of natural disasters, cause strong winds
and torrential rain damage where they arrive [1,2]. Over the western North Pacific (WNP),
approximately one-third of total global TCs are generated, which has great impacts on
society and the economy in the coastal regions of China. Therefore, the assessment and
prediction of TCs in the WNP is particularly important.

Studies have indicated that the remote effects caused by sea surface temperature (SST)
and local general circulation are the most important factors affecting TC activities [3–6].
For example, on an interannual time scale, the El Niño–Southern Oscillation (ENSO) was
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identified as having an important contribution to TCs in the WNP and TCs landing on the
coast [3,7–19]. Moreover, SSTAs in the Indian Ocean can also influence TC genesis in the
WNP [20–23].

From the perspective of a long time scale, global warming can cause an eastward
withdrawal of westward TC tracks and a westward shift in recurved tracks [24,25]. Re-
garding the abrupt decrease in TC genesis over the WNP since the late 1990s, the Atlantic
Multidecadal Oscillation (AMO), Pacific Decadal Oscillation (PDO), and asymmetric central
Pacific ENSO are all considered to be responsible [26–28].

In addition to the impact of remote SST anomalies on TCs, the local general circulation
can essentially modulate TC activities [29]. The WPSH has significant effects on WNP TC
activities [5,14,30–34]. Both the position and the strength of the WPSH play key roles in
the movement of TCs [25,35]. The ridge at 500 hPa over the WNP controls the typhoon
tracks as the main steering flow [4,5]. The anomalous variation at 850 hPa has a significant
influence on TC formation and intensity [14,29]. The large-scale descending motion and
anticyclonic vorticity associated with the WPSH are the most responsible for the total
TC genesis frequency over the WNP and the number of TCs landing along the East Asia
coast [36]. Additionally, expansion of the WPSH also caused interdecadal changes in
typhoon tracks over the tropical WNP between 1980 and 2001 and 1951 and 1979 [5,25].
The abrupt shift in typhoon count and northward shift in typhoon tracks over the western
North Pacific-East Asian region and increase in typhoon count over the Taiwan-East China
Sea region around 2000 are related to the eastward and northward retreat of the WPSH [37].

Xiang et al. [38] showed that the two leading modes of the WPSH have a close
relationship with the total TC days over the subtropical WNP (r = −0.81). These modes can
shift TC formations southeastward/northwestward (EOF1) and control the total TC genesis
number (EOF2) in the WNP [14,29]. Wang and Wang [29] introduced a new statistical
model to make a seasonal prediction of the genesis number and storm days of the TCs over
the WNP using these two modes. According to the results, the cross-validated reforecast for
genesis number and tropical storm days shows a temporal correlation coefficient over 0.5.

Previous studies focused on influences of the WPSH on the TC genesis number and
storm days without resolving the location of TC genesis. In addition, the relationship
between the landing TCs and the WPSH was not shown. Therefore, in this paper, we aim to
investigate the TC genesis in sub-regions of WNP which is caused by the two leading modes
of the WPSH. The impacts of the two leading modes on the landing TCs are investigated
ate the same time. Furthermore, a statistical model is used to predict total and landing TC
number and TC days.

2. Data and Method

We used the best-track data from the Regional Specialized Meteorological Center
(RSMC) Tokyo-Typhoon Center (Tokyo, Japan), for the period of 1979–2020. The dataset
consists of TC information, such as the location, intensity, and minimum surface pressure
at 6-hourly intervals.

Several atmospheric and oceanic variables were used to examine the large-scale envi-
ronmental conditions: monthly mean zonal and meridional wind components at 850 hPa
and 200 hPa, 700 hPa relative humidity, and geopotential height at 850 hPa from the ERA5
Reanalysis [39] on a 1-degree latitude–longitude grid; monthly mean SST from version 3b
of the Extended Reconstructed Sea Surface Temperature (ERSST V3b) [40] on a 2-degree
grid. The years used in the two abovementioned reanalysis datasets are consistent with the
TC data.

Consistent with the study by Xiang et al. [38], we performed an empirical orthogonal
function (EOF) analysis on the 850 hPa geopotential height over the Indo-Pacific Ocean,
which is the same domain they used in their study. To further confirm the relationship
between the two dominant EOF modes and TC activity, we define positive and negative
years separately based on the time series of PC1 and PC2, with six positive years (1979,
1980, 1983, 1987, 1998, and 2010) and six negative years (1984, 1986, 1994, 2001, 2007, and
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2012), called high PC1 (PC1–H) years and low PC1 (PC1–L) years. Similarly, six positive
years (1995, 2007, 2008, 2010, 2011, and 2013) and six negative years (1982, 1986, 1987, 1997,
2002, and 2004), called high PC2 (PC2–H) years and low PC2 (PC2–L) years, are defined
according to PC2 (shown in Figure 1b,d).

Figure 1. (a) The regression map of 850-hPa geospatial height (contour) and storm days (shading)
with reference to the PC of EOF1 mode (b) derived from the JJA 850-hPa geopotential height over
the WNP basin during 1979–2014. Panels (c,d) are the same as in Panels (a,b), respectively, but for
the second mode (EOF2). The red dashed line in Panels (b,d) marks six positive years (H) and six
negative years (L) for both PC1 and PC2.

3. Dominant Modes of the WPSH and Associations with TC Activity

To better understand the relationship between the landing TC and the dominant
modes of the WPSH, the whole picture of the regression between the storm days and
leading modes is shown (Figure 1). In order to set aside some data to do independent
cross-validation, the EOF modes are obtained from the data during 1979–2014. The results
show that EOF1 of the WPSH contributes 33.6% to the total variance and exhibits a positive
anomaly over the entire Indo-Pacific warm pool region with the maximum center north
of 20◦N, while EOF2 contributes 26.1% to the total variance and exhibits a dipole pattern
between the Indian Ocean and the Pacific Ocean. The results show that EOF1 of the
WPSH exhibits a positive anomaly over the entire Indo-Pacific warm pool region with the
maximum center north of 20◦N, while EOF2 exhibits a dipole pattern between the Indian
Ocean and the Pacific Ocean. The storm days significantly influenced by EOF1 (PC1) are
located along the east coast of China, from the South China Sea (SCS) to south Japan, and
exhibit a uniform negative regression (Figure 1a). The regressions for PC2 show a dipole
pattern, and the storm days over the SCS and over the region from east of the Philippine
Sea to Japan show the opposite variation (Figure 1c).

To further confirm the relationship between the two dominant EOF modes and TC
activity, we compared the composite of TC genesis for the above one standard deviation
of the normalized PCs (shown in Figure 2; the selected years are listed in Section 2) and
calculated their correlation coefficients (Table 1). The results show that the two EOF modes
imply significantly different spatial distributions of TC genesis. For visual comparison,
we refer to the area west of 130◦ E as region I, the area east of 130◦ E and north of 17◦ N
as region II, the area east of 130◦ E and south of 17◦ N as region III, and the red boxes
represent the east coast of China (hereafter region A). Here, we also count the total number
of TCs over the whole WNP region and these three subregions for the selected years, which
are listed on the right-top and right-bottom, respectively. The blue numbers indicate the
number of TCs that reached the east coast of China.
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Figure 2. The genesis locations (dots) and tracks (curves) of TCs during (a) PC1–H, (b) PC1–L,
(c) PC2–H, and (d) PC2–L over the WNP basin. Two green lines divide the whole WNP basin into
three subregions (regions I, II, III), and the red box marks the east coast of China. The number on the
top-right indicates the total TC number (black is the TC genesis number over the WNP basin, blue is
the landing TCs that reached region A), and the numbers on the bottom-right indicate the TC number
in these three subregions. See text for detailed information about the three subregions.

Table 1. Correlation coefficients of the TC number (including TC genesis number over the whole
WNP basin and three individual subregions and landing TCs) with the first two leading modes of the
WPSH based on the 1979–2014 period.

TC Genesis Number Landing TC Number

Region I(105◦

E–128◦ E,
5◦ N–30◦ N)

Region II(128◦

E–175◦ E,
17◦ N–30◦ N)

Region III(128◦

E–175◦ E,
5◦ N–17◦ N)

Total East coast of China
(Region A)

PC1 −0.49 ** −0.50 ** 0.18 −0.54 ** −0.54 **

PC2 0.21 −0.05 −0.69 ** −0.40 * 0.10

Note: values with * (**) are significant at the 95% (99%) level.

For EOF1, there were more TCs over the WNP region during the negative phase of
EOF1 (hereafter PC1–L). Specifically, more TCs are found over region I and region II during
the PC1–L events, and the numbers are 30 and 26, respectively, which is twice or three
times the number of TCs occurring during the PC1–H events. We calculated the temporal
correlation coefficients between the two EOF PCs and the TC genesis number in the whole
WNP and in the three sub-regions, and also calculated the temporal correlation coefficients
between the two EOF PCs and the Landing TC number (Table 1). The correlation coefficients
of the TC genesis number in the three subregions with PC1 are −0.49, −0.50 and 0.18, and
they are significant at the 95% confidence level over regions I and II. Therefore, EOF1
mainly affects TC genesis in region I and region II. Furthermore, we counted 42 TCs over
region A during the PC1–L events and 22 TCs during the PC1–H events, which suggested
that more landing TCs reached the east coast of China during the PC1–L events. Here, a
landing rate is defined, and it is the percentage between the landing TC number and the
genesis number over each region. For EOF1, the landing rate over the WNP increases from
53% (PC1–H events) to 60% (PC1–L events). The landing rate in region I increases from 71%
(PC1–H events) to 80% (PC1–L events), and in region II, it increases from 12.5% (PC1–H
events) to 34.6% (PC1–L events). Over region III, the landing rate changed from 57.9%
(PC1–H events) to 64.3% (PC1–L events). Therefore, EOF1 has significant control of the
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landing TC in the WNP with a correlation coefficient of −0.54. Each of the three subregions
plays an important role in the whole subregion.

For EOF2, more TCs are found during the negative phase of EOF2, similar to EOF1.
The total TC number is approximately 68 during the PC2–L events, while that during the
PC2–H events is only 51 TCs. However, unlike EOF1, a significant difference between
the PC2–L and PC2–H years appears in region III. The TC number generated in region III
decreases from 38 during the PC2–L events to 10 during the PC2–H events. In turn, PC2
shows a strong negative correlation with the TC genesis number in region III (r = −0.69).
It is clear that EOF2 mainly influences TC genesis in region III. Additionally, we counted
the landing TCs over region A. Between the PC2–H and PC2–L events, the change in the
landing TC was not significant; from 34 to 28, the landing rate ranged from 41 to 66.7%.
The correlation coefficient between the landing TC number over region A and PC2 is only
0.10 and not significant.

Collectively, the two dominant modes of the WPSH show negative correlations with
the TC genesis number over the WNP basin, and only the EOF1 mode can influence the
landing TCs reaching the east coast of China. Different enhanced modes of the WPSH cause
different spatial patterns of TC genesis. Specifically, EOF1 features an intense southwest-
northeast oriented WPSH, which strongly influences the TC genesis numbers in region I
and region II, and EOF2 is characterized by a strong north-southeast WPSH, which will
affect the TC genesis number in region III.

4. Thermodynamic and Dynamic Factors Associated with the Two Leading Modes of
WPSH Affect TC Genesis

TC genesis is substantially affected by thermodynamic and dynamic factors, so the
genesis potential index (GPI) [41] was used to examine how various environmental factors
contribute to the WPSH variation influence on the TC genesis number. The GPI is defined
as the following function:

GPI =
∣∣∣105VOR

∣∣∣3(RH
50

)3( MPI
70

)3

(1 + 0.1VWS) −2 (1)

where VOR is the absolute vorticity at 850 hPa, RH is the relative humidity at 700 hPa, PI
is the potential intensity of TC, and VWS is the vertical wind shear between 850 hPa and
200 hPa.

Here, we investigate the GPI to diagnose the impact of two dominant modes of the
WPSH on the WNP TC activities, especially the landing TCs. Figure 3 shows the differences
in GPI between the positive and negative phases of the principal component of the two
leading WPSH modes (PC1 for Figure 3a and PC2 for Figure 3b). For both modes, the
GPI shows negative values over most of the WNP basin, confirming more TCs during the
negative phases of EOF1 and EOF2 discussed above. For EOF1, negative GPI values are
found in region I and region II, while for EOF2, a negative GPI is evident over most of
region III.

Furthermore, the contribution of each constituent term to the entire GPI change is
computed (Figure 3c). To compare the importance of the four variables that are used in
the GPI calculation, we calculated GPI using the climatology of three of the variables and
original value of the fourth variable. This process was repeated for all variables. Among
all dynamic and thermodynamic effects, VOR and RH change the dominant contributions
to the GPI in EOF1. For EOF2, VOR and VWS are the two dominant contributors. MPI
appears to be less important in both modes of the WPSH, which is consistent with Chan [42],
suggesting that the local SST is less important to TC genesis than atmospheric conditions
in the WNP.
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Figure 3. The difference in the GPI between the positive and negative phases of (a) PC1 and (b) PC2
(shading). The black contour is the long-term mean (1979–2020) of GPI in JJA. The dots mark regions
where the differences are significant at the 95% confidence level. (c) Changes in the total GPI and
each constituent term (i.e., low-level vorticity (VOR), maximum potential intensity (MPI), relative
humidity (RH), and vertical wind shear (VWS)) between the positive and negative phases of PC1
and PC2.

Figure 4 shows the composite maps of the GPI differences during the PC1–H and
PC1–L events based on the main contributors discussed above, the 850 hPa winds, and
the 700 hPa vertical velocity. The significant negative GPI difference due to VOR is shown
over region I and region II and that due to the 700 hPa RH is over most of region II, which
resembles the composite map of GPI based on EOF1 (Figure 3a). An anomalous anticyclonic
wind pattern accompanied by negative vorticity appears over the WNP basin (Figure 4b),
which will in turn reduce the GPI by VOR. In addition, anticyclonic circulation induces
subduction motion. Then, this subduction air motion will further dry the air and reduce the
RH (Figure 4d). Collectively, the anomalous anticyclonic circulation reduces the low-level
vorticity and humidity of the air, which will in turn reduce the GPI by VOR (Figure 4a) and
RH (Figure 4c).

For EOF2, Figure 5 shows the composite maps of the GPI based on the main contribu-
tors (VOR and VWS), the 850 hPa winds, and the vertical wind shear for EOF2. Consistent
with the composite map of GPI based on EOF2 (Figure 3b), the GPI due to VOR and VWS
shows large negative values over most of region III. There is an obvious band of easterly
winds throughout the tropical region, which will in turn induce negative vorticity and
strong vertical wind shear and then reduce the GPI by VOR and VWS. This result is con-
sistent with previous studies, which indicated that El Niño enhanced the TC frequency in
the southeastern portion of the WNP and reduced the TC frequency in the northwestern
portion [3,4].



Atmosphere 2022, 13, 79 7 of 13

Figure 4. The difference in (a) GPI changes induced by VOR, (b) 850 hPa relative vorticity (shading)
and wind fields (vectors), (c) GPI changes induced by RH, and (d) the RH at 700 hPa between the
positive and negative phases of PC1. The dots mark regions where the differences are significant
at the 95% confidence level. For the changes in wind fields at 850 hPa in (b), only areas where the
differences are statistically significant at the 95% confidence level are shown.

Figure 5. The difference in (a) GPI changes induced by VOR, (b) 850 hPa relative vorticity (shading)
and wind fields (vectors), (c) GPI changes induced by VWS, and (d) the vertical wind shear between
the positive and negative phases of PC2. The dots mark regions where the differences are significant
at the 95% confidence level. For the changes in the wind fields at 850 hPa in (b), only areas where the
differences are statistically significant at the 95% confidence level are shown.

5. The Steering Flows Associated with the Two Leading Modes of the WPSH Affect
Landing TCs

The first mode (EOF1) shows a stronger correlation (r = −0.54) with the landing TCs
reaching the east coast of China, which implies a stronger WPSH accompanied by fewer TCs
making landfall. Even though the second mode (EOF2) shows a lower correlation (r = 0.10,
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see Table 1) with the landing TCs reaching the east coast of China, it has a large landing
rate (66.7%) for the landing TCs compared with the total TCs during the PC2–H events. TC
tracks are essentially controlled by large-scale atmospheric circulation patterns [3,7,8,43].
Here, we examined the climatological mean steering flow to discuss the impact of the
WPSH on the landing TCs. The large-scale steering flow is defined in this study as the
pressure-weighted mean flow from 800 to 300 hPa [44]. Figure 6a,b shows the composite
map of the mean steering flow and the climatological mean geopotential height at 850 hPa
for EOF1 and EOF2, respectively. The red solid lines denote the mean state of the WPSH
for the PC1(2)–H events, and the blue solid lines denote the mean state of the WPSH for
the PC1(2)–L events. The dashed line indicates the ridge line of the WPSH. The vectors
show differences in the mean flows between the positive phase and the negative phase of
the WPSH.

Figure 6. Maps of the differences in mean steering flows (vectors) between the positive and negative
phases of PC1 (a) and PC2 (b), superposed with the climatological mean geopotential height at
850 hPa (contour) for the positive phase (red) and negative phase (blue). The dashed line indicates
the ridge line of the subtropical high. The filled star in (b) represents the mean genesis location (red
for positive and blue for negative). (c) The time series of area-averaged 850-hPa zonal wind (UWND;
20–30◦ N, 120–140◦ E) and TC landing rate in region II. (d) Time series of TC landing rate and mean
TC genesis longitude in region III. The Landing_Rate in (c,d) are defined as landing TC numbers
divided by total TC numbers.

For EOF1, the ridge line for the positive phase shifts to the south compared with the
ridge line for the negative phase, corresponding to anomalous westerly winds crossing
the east coast of China, which will lead to suppression of the TCs landing along coastal
China and the landing rate’s being reduced. However, for EOF2, there are no significant
differences in ridge lines between the positive and negative phases of the second mode of
the WPSH, as well as the mean flow changes over the east coast of China. The obvious
change in the TC landing rate between the PC2–H and PC2–L events may be related to the
change in the mean location of TC genesis in region III. The star indicates the mean location
of TC genesis, the red star is for the positive phase, and the blue star is for the negative
phase. It is clear that the mean location of TC genesis for the positive phase is far westward
compared with the mean location of TC genesis for the negative phase. Thus, the steering
flow will favor the TC’s reaching coastal China, so the landing rate tends to increase.

Next, the relationship between the landing rate of TCs reaching the east coast of China
and the westerly winds or mean genesis location is discussed. Figure 6c,d shows the time
series of the area-averaged westerly wind over the region (20–30◦ N, 120–140◦ E) and the
mean genesis longitude of TCs in region III, accompanied by the landing rate of TCs for



Atmosphere 2022, 13, 79 9 of 13

each mode of the WPSH. Correlation coefficients between each pair of time series are also
computed. It is clear that the landing rate of TC reached the east coast of China because
EOF1 shows a significant negative correlation (r = −0.41) with the westerly winds, which
verifies that the westerly winds suppress the TCs reaching the east coast of China discussed
above. The landing rate for EOF2 exhibits a strong negative correlation (r = −0.56) with
the mean genesis longitude of TCs in region III, implying a more westward shift in the
mean genesis location with a higher landing rate of TCs reaching the east coast of China,
which is consistent with the composite map (Figure 6b) discussed above. However, what
causes the enhanced westerly steering flows to cross the east coast of China (Figure 6a) is
an important issue that deserves further investigation.

6. Reproduction and Forecasting of Landing TCs by the Two Leading WPSH Modes

Seasonal forecasting and interannual predictions of TCs are very important for the
coastal region of East Asia. Wang and Wang [29], using physically meaningful predictors
corresponding to the two leading modes of the WPSH, created a seasonal forecast of the TC
genesis number over the WNP. The PCs of WPSH can also predict the TC landing number
and landing days.

A leave-three-out cross-validated reforecast is performed by taking 3 years out around
the predicted year for 1979–2014. The temporal correlation coefficient between cross-
validated reforecast and the observed total TC days, TC genesis number, TC landing days,
and TC landing number are 0.60, 0.48, 0.54, and 0.54, respectively (Figure 7). All of them
achieve a coefficient level at 99%. To confirm the stability of their relationship, we used
the data from the years 1979–2014 as training data and derived equations through linear
regression to do independent forecast for the years 2015–2020. As shown in Figure 7,
the independent forecast for the total TC days and landing TC days shows correlation
coefficients of 0.72 and 0.74, respectively, which are significant at the 95% confidence
level. The independent forecast for the total TC genesis number and landing TC number
shows correlation coefficients of 0.90 and 0.85, respectively, which are significant at the
99% confidence level. In addition, the PC1 is more important than PC2 in the forecast of
the landing TC days and the landing TC number, which is consistent with the previous
conclusion in Section 3.
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Figure 7. (a) The total TC days and (b) the total TC genesis number over the WNP and the TC days
(c) and TC number (d) landing on the coast of China. Black lines are observations based on best-track
data from the Tokyo-Typhoon Center. The green lines are cross-validated reforecast. The red lines are
the independent forecasts for the period of 2016–2020. The time correlation confidence with * (**) are
significant at the 95% (99%) level.

7. Summary and Discussion

In this paper, we compared the influence of the two leading modes of the WPSH
on the spatial pattern of the WNP TC activities using the best-track data from the RSMC
Tokyo-Typhoon Center for the period of 1979–2020, with a particular focus on the TCs
landing on the Chinese coast. Consistent with Wang et al. [14], the first two dominant
modes of the WPSH show strong negative correlations with the TC genesis number over
the WNP basin. The variance in the different modes of the WPSH can result in different
spatial patterns of TC genesis. The first mode features an intense southwest-northeast
oriented WPSH, which strongly affects the TC genesis numbers in region I and region II,
and the correlations are −0.49 and −0.50, respectively. Moreover, this mode significantly
controls TC landings on the east coast of China. The correlation coefficient between PC1
and the TC number in region A can reach −0.54. The second leading mode is characterized
by a strong north-southeast WPSH, which significantly affects the TC genesis number in
region III, and the correlation is −0.69.

Then, the key factors of the impacts of the two dominant modes of the WPSH on the
WNP TC activities were determined by GPI. The results show that the low-level vorticity
(VOR) and 700-hPa RH play key roles in the changes in TCs associated with the first mode
of the WPSH. The southwestward expansion (northeastward retreating) during the positive
(negative) phase of EOF1 of the WPSH can cause a significant anticyclonic (cyclonic)
circulation anomaly at the low-level and downward (upward) motion over region I and
region II, which leads to negative (positive) relative vorticity and divergence (convergence)
of the water vapor flux that suppresses (enhance) TC genesis in regions I and II during
PC1–H (PC1–L) events. For this mode, the ridge of the WPSH shows an obvious shift
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between the strong phase and the weak phase. The significant anticyclone over the WNP
caused the WPSH ridge to shift northward with a strong first WPSH mode; therefore, the
obvious westerly wind anomalies over regions I and II are strong against TC tracks landing
on the east coast of China. However, in the weak phase of EOF1, the mean location of the
WPSH was significantly southward. Furthermore, the TCs will be steered westward or
northeastward and then land in southern and eastern China.

As discussed in previous studies [14,29,45], the first mode of the WPSH was signif-
icantly impacted by the SST anomalies in the Pacific and Atlantic. On the one hand, the
variation of WPSH has been significantly influenced by SST anomalies in the Pacific and
Atlantic. For example, the WPSH in summer has clearly been enhanced since the 1980s,
which were not only associated with the SST in the North Indian Ocean and the equatorial
eastern Pacific, but also the SST in the tropical Atlantic [46]. On the other hand, the TC
activities in the WNP are also impacted by the zonal circulation anomalies induced by the
SST anomalies in the Atlantic [47–50]. The effects of transoceanic processes in large scale
circulation on the WPSH and associate TC activities need further investigation.

For the second mode of the WPSH, the change in the VOR and the VWS caused by
this mode make the dominant contribution to the variation in TC genesis in region III. The
strengthened WPSH will induce anomalous easterly winds that cross the tropical region,
which will in turn reduce the low-level vorticity, enhance the VWS and ultimately not favor
TC genesis over region III.

This mode has no significant impact on the TCs that landed on the east coast of China.
However, the landing rate in region III shows an obvious increase from the negative phase
of EOF2 to the positive phase. This finding may be because the mean location of TC genesis
is far westward compared with the negative phase, which has a strong westward steering
flow associated with the second mode of the WPSH. This steering flow will promote TCs’
making landfall and increase the landing rate.

Using these dominant modes of the WPSH, a physical–empirical model is created
to obtain interannual predictions of total TC days and landing TC days in region A. The
derived prediction functions show high-quality skills. The correlation coefficient of the
hindcast results for total TC days and landing TC days can reach 0.67 and 0.63, respec-
tively. Since seasonal and interannual predictions of TCs are still difficult for coupled
models [51–53], improving the prediction skills is very useful for the interannual prediction
of TCs over the WNP, especially TCs landing along the coast of China.
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