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ABSTRACT: Because of the limited length of observed tropical cyclone (TC) data and low confidence in modeling
TC genesis frequency, it has been difficult to understand why the genesis frequency of global TCs has remained nearly in-
variant while regional variations are highly pronounced. Investigating the covariability of TC genesis frequency between
different regions may shed light on this question. Here, we identify that TC genesis frequency varies out of phase between
the eastern and western regions of the western North Pacific (WNP). Such a seesaw relationship could be explained by the
east-west dipole patterns of low-level vorticity and midtropospheric relative humidity in the WNP, associated with varia-
tions in atmospheric conditions. Composite analyses and numerical experiments show that a combination of cooling in the
WNP and warming in the north Indian Ocean (NIO) exerts a significant influence on the seesaw pattern. Our study adds
more evidence to believe on number conservation of worldwide TC genesis.

SIGNIFICANCE STATEMENT: Little had been known about why the genesis frequency of global tropical cyclones
has remained nearly invariant in a changing climate. To find out whether there is any covariability of tropical cyclone
genesis frequency between different regions may provide a chance to understand such a steady trend. The western
North Pacific is the ocean basin where tropical cyclones are the most active in the world. In this study, it is observed
that tropical cyclone genesis frequency between the eastern and western regions of the western North Pacific has a neg-
ative correlation. It is demonstrated that the zonal contrast of sea surface temperature in the western North Pacific to
the north Indian Ocean plays a significant role in driving the seesaw relationship of tropical cyclone genesis frequency

by moderating the large-scale atmospheric circulation.
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1. Introduction

The genesis frequency of tropical cyclones (TCs) on Earth
has remained nearly invariant at around 80, showing no clear
trend of increasing or decreasing, despite the rising global
mean temperature since the mid-twentieth century (Schreck
et al. 2014; Murakami et al. 2020; Sobel et al. 2021). TC gene-
sis frequency is perhaps the most poorly understood aspect re-
garding the climatological study of TCs. There is no accepted
explanation for the changelessness of global TC genesis fre-
quency (Walsh et al. 2015). In fact, neither modern instru-
mental observations nor paleo-proxy archives provide direct
evidence for any long-term trend in global TC frequency yet.
Numerical models, however, show inconsistency in modeling
TC genesis frequency, both in their historical simulations and
future projections. The theoretical base of this subject is still
not well established (Sobel et al. 2021).
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An effective approach to address this problem is to find out
whether there is any covariability in TC genesis frequency
among different ocean basins or among different regions
within an ocean basin. In contrast to the steady trend of the
global TC genesis frequency, the regional TC genesis fre-
quency is characterized by considerable variability at the in-
terannual and decadal time scales (Kim et al. 2010; Murakami
et al. 2020; Shan and Yu 2020a,b; Chu and Murakami 2022;
Wau et al. 2023). Many studies have shown that TC genesis fre-
quency in the eastern North Pacific and North Atlantic Ocean
varies out of phase (Maue 2009; Wang and Lee 2009; Wang
et al. 2016; Chu and Murakami 2022). As the two regions are
separated by Central America, this phenomenon is well
known as a seesaw relationship of TC genesis frequency.
There is also a correlation between the decreased TC genesis
in the western North Pacific (WNP) and the increased TC
genesis in the North Atlantic Ocean (Wang et al. 2022; Cao
et al. 2023a; Huang et al. 2023). Kim et al. (2010) further ex-
plored this concept, identifying a dipole oscillation in TC gen-
esis between the Philippine Sea and the northern South China
Sea at both interannual and interdecadal time scales. Cao et al.
(2023b) focused on a significant out-of-phase variation between
spring (March-May) TC genesis over the eastern part of the
WNP and the subsequent summer—fall (June-November) TC
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genesis over the South China Sea. Moreover, an out-of-phase
variation in TC genesis frequency is found between the Arabian
Sea and the Bay of Bengal-South China Sea (Yuan et al. 2019;
Cao et al. 2023c). Investigating the covariability of TC genesis
frequency between different regions and the underlying mecha-
nisms may shed some light on the phenomenon of number con-
servation of worldwide TC genesis frequency.

The WNP is the ocean basin where TCs are the most active
in the world, accounting for about one-third of the total num-
ber. It may be divided into two regions, i.e., the eastern and
the western regions, by the Philippine Islands. There are sig-
nificant differences in the properties of TCs between the two
regions of the WNP (Kim et al. 2010; Ling et al. 2015; Wu et al.
2019; Shan and Yu 2020a; Tu et al. 2022; Shan et al. 2023; Li
and Mei 2024). Based on the aforementioned studies, the ob-
jective of the current study is to provide further evidence for
an out-of-phase relationship between TC genesis frequencies
over the eastern and western regions of the WNP. We do find
a seesaw relationship of TC genesis frequency between these
two regions of the WNP at the interannual time scale. We
then explore the underlying mechanisms for such a seesaw
relationship.

2. Data and methods

The TC dataset over the WNP is obtained from the Inter-
national Best Track Archive for Climate Stewardship v04r00
(Knapp et al. 2010). Note that the records of TC genesis fre-
quency are generally consistent in different datasets even
back to the presatellite era, while the records of TC intensity
have discrepancies (Kossin et al. 2007; Wang et al. 2022). TC
genesis is defined as the initial record point of a TC that attains
a maximum sustained wind speed of 35 kt (1 kt ~ 0.51 ms™")
or greater during its lifetime. The fifth major global reanalysis
produced by the European Centre for Medium-Range
Weather Forecasts (Hersbach et al. 2020) provides atmo-
spheric variables on a monthly scale. The Extended Recon-
structed Sea Surface Temperature, version 5, dataset is used
to derive sea surface temperature on a monthly scale (Huang
et al. 2017). The eastern and western regions of the WNP are
roughly divided by the Philippine Islands. The eastern region
of the WNP is defined as the domain of 130°-170°E and
0°-20°N, and the western region of the WNP is defined as the
domain of 105°-130°E and 0°-25°N, including the South
China Sea and the Philippine Sea. The longitude of 130°E
also coincides with the position of the ascending branch of
the Walker circulation, which plays a dominant role in modu-
lating background atmospheric conditions in the WNP (Shan
and Yu 2021; Chen et al. 2022).

To identify the difference between positive and negative
phases in the two regions, five active TC years for the eastern
region of the WNP (1987, 1993, 2003, 2011, and 2018) and five
active TC years for the western region of the WNP (1984,
1994, 1999, 2013, and 2017) are selected as representative
years, referred as the eastern active years and the western ac-
tive years, respectively. The selection of representative active
years was based on the criterion that TC genesis frequency dur-
ing these years exceeded the long-term average. Specifically, for

JOURNAL OF CLIMATE

VOLUME 38

the western region of the WNP, the year is selected if the TC
genesis frequency equals or exceeds five, while for the eastern
region of the WNP, the threshold is set at nine. Additionally,
years before 1979 were excluded from the analysis to avoid un-
certainties associated with the less reliable satellite observations
and environmental data from the 1970s. To ensure a balanced
representation across different periods, a minimum interval of
3 years was maintained between selected years to prevent any
bias that could arise from closely spaced years within the same
time window. Note that our conclusions are consistent even
when a different number of representative years is selected
(Fig. S1 in the online supplemental material). To ensure the ro-
bustness of these results, we also calculated the difference be-
tween inactive TC years for the eastern region of the WNP and
those for the western region. The representative inactive years
were selected using the same criteria as outlined above, with
the adjustment that TC genesis frequency during these years
was below the long-term average. A similar conclusion can be
drawn from the analysis of these inactive years (Fig. S2), further
supporting the overall findings.

To investigate the effect of ENSO phases on the robustness
of the results, a parallel composite analysis was conducted
with ENSO years excluded. The ENSO years are defined as
those with sea surface temperature (SST) anomalies in the
Niflo-3.4 region exceeding *0.5°C during the peak season
(July—September). After excluding these years, five non-
ENSO active TC years were identified for the eastern region
of the WNP (1989, 1993, 1996, 2003, and 2018) and five for
the western region of the WNP (1984, 1994, 2013, 2017, and
2020).

The genesis potential index is employed to conduct a quantita-
tive diagnostic analysis of the effects of large-scale environmental
factors on TC genesis. A modified genesis potential index devel-
oped by Murakami and Wang (2010) is applied, which seems to
be more capable of representing the variations in TC genesis
frequency (Murakami and Wang 2010; Hsu et al. 2014) than the
original genesis potential index proposed by Emanuel and
Nolan (2004). The modified genesis potential index (GPI) is ex-
pressed as

-+ 0.1

3 \% 3
GPI = |105n|3/2(%) (TS) 1+ o.mvrz(T), 1)

where 7 (s™1) is the absolute vorticity at 850 hPa, AV (m s~ !) is
the vertical wind shear between the horizontal winds at 200 and
850 hPa, H (%) is the relative humidity at 700 hPa, V (m s~ ')
is the potential intensity in terms of maximum wind, and
o (Pa s™') represents the vertical velocity at 500 hPa. The po-
tential intensity is obtained from sea surface conditions and the
vertical profiles of atmospheric variables (Bister and Emanuel
2002; Vecchi and Soden 2007; Bhatia et al. 2022), and its compu-
tational details are provided by Bister and Emanuel (2002).

To confirm the impacts of sea surface temperature on the
large-scale atmospheric circulation, we conducted the numeri-
cal experiments using the Community Earth System Model,
version 1.2.1 (CESM1.2.1; Neale et al. 2012; Hurrell et al. 2013).
This model is developed by the National Center for Atmo-
spheric Research (NCAR) Atmosphere Model Working Group
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and is widely used to evaluate global climate changes under dif-
ferent external forcings. Our simulations utilized a finite-volume
dynamic core (Neale et al. 2012) with a horizontal resolution of
0.9° X 1.25° and 30 layers in the vertical. The simulations were
run with prescribed monthly mean sea surface temperature and
sea ice cover.

3. Seesaw relationship of TC genesis frequency

Figure 1a presents the time series of TC genesis frequency
in the eastern region (0°-20°N, 130°~170°E; blue line) and the
western region (0°-25°N, 105°-130°E; green line) of the WNP
during July-September from 1970 to 2020. A seesaw relation-
ship of TC genesis frequency between these two regions be-
comes clearly evident, with a correlation coefficient of —0.52
(significant at the 99% confidence level). When TC genesis
frequency in the eastern region of the WNP increases, TC
genesis frequency in the western region of the WNP de-
creases, and vice versa.

It is verified that the result of the correlation analysis is not
sensitive to a change in the initial year of the time series. By
fixing the end year at 2020 in the analysis, the correlation co-
efficient between the TC genesis frequency in the eastern and
western regions of the WNP is found to be —0.42, —0.48, and
—0.52 (significant at the 99% confidence level), corresponding
to the initial year being 1960, 1980, and 1990, respectively. It
is also shown that the correlation is significant only during the
peak TC season (July-September) of the WNP, and it be-
comes relatively uncertain during the prepeak season (April-
June) and postpeak season (October-December). This is
primarily due to the smaller sample size of tropical cyclones
during these two seasons, with some years even recording no
tropical cyclone genesis. Accordingly, our study has focused
on the seesaw relationship during the peak season.

To further ensure the robustness of this seesaw relation-
ship, a sensitivity analysis was conducted by varying the east-
ern boundary of the WNP. Specifically, the time series of
TC genesis frequency was compared when the eastern bound-
ary was set at 170°E, 175°E, and 180°. The analysis revealed
minimal differences in TC genesis frequency across these
boundary definitions. Additionally, the correlation coeffi-
cients between the eastern and western regions of the WNP
TC genesis frequencies remained significantly negative, with
values of —0.49 for 180° and —0.52 for 175°E. These results in-
dicate that the choice of the eastern boundary does not com-
promise the robustness of the results because of the small
sample size of TCs eastward of 170°E in the WNP.

Then, we examine if there is any time lag in this seesaw re-
lationship. As shown in Fig. 1b, the correlation coefficients of
the two time series are shown to reach their peaks with a time
lag of 0 based on cross-correlation analysis, suggesting an ex-
act out-of-phase relationship of TC genesis frequency be-
tween the two regions of the WNP.

4. Effects of large-scale environmental factors

To understand the seesaw relationship of TC genesis fre-
quency in the eastern and western regions of the WNP, we

SHAN ET AL.

1873

a s ‘
—Eastern
Western

>

c10t

=}

o

o

LI- /\

0

[%2]

[0

| iy
O

0 L L L L

1970 1980 1990 2000 2010 2020

Year

b 0.4 . . .

0.2+
g T T
8
%oTééO%TT@T o
8 Ml J»Lll&éuf
c
9o
© -0.2
e
/5]
O

-0.4

o
-0.6 : : :
-20 -10 0 10 20

Lags (year)

FIG. 1. Out-of-phase relationship of TC genesis frequency be-
tween the eastern and western regions of the WNP. (a) Time series
of TC genesis frequency in the eastern region (0°-20°N, 130°-170°E;
blue line) and the western region (0°-25°N, 105°-130°E; green line)
of the WNP in July-September during 1970-2020. (b) The correla-
tion coefficients of the two times series based on cross-correlation
analysis.

perform a composite analysis on the difference in the spatial
distribution of TC genesis between the eastern and western ac-
tive years. An east-west dipole pattern of the TC genesis den-
sity over the WNP is then observed, with the pivot located at
the longitude of about 130°E (Fig. 2a). Compared with those
occurred west of 130°E during the western active years, more
TCs tend to occur east of 130°E during the eastern active
years. Most of the TCs occurred in the active years are concen-
trated to the south of 20°N. At the same time, fewer TCs occur
near the Philippines and the South China Sea. The dipole pat-
tern is consistent with the fact presented in Fig. 1a.

To understand the mechanism underlying the out-of-phase
relationship as shown in Fig. 2a, a composite analysis of the
difference in the genesis potential index between the eastern
and western active years is also performed, and the result is
presented in Fig. 2b. An east-west dipole pattern of the
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FIG. 2. Changes in the spatial distribution of TC genesis frequency in the WNP and the GPI. Differences in (a) TC
genesis density and (b) GPI between the eastern and western active years (eastern active years minus western active
years). (c),(d) Asin (a) and (b), but with non-ENSO years. Stippling indicates a significant difference at the 95% con-

fidence level.

genesis potential index is obtained, suggesting that the genesis
potential index is effective for diagnosing TC genesis.

An additional question arises as to whether this seesaw re-
lationship in TC genesis frequency is influenced by ENSO. To
investigate this, we performed a parallel composite analysis,
calculating the difference between five non-ENSO active TC
years for the eastern region of the WNP and five for the west-
ern region of the WNP (see methods). As shown in Figs. 2¢
and 2d, the out-of-phase relationship in TC genesis between
the eastern and western regions of the WNP persists even in
the absence of ENSO influence.

The contributions of five factors in the genesis potential in-
dex are estimated in the following way. The contribution of
factor A is calculated as the fractional change caused by the
difference in factor A between the eastern and western active
years, i.e., the change in the genesis potential index due to fac-
tor A divided by the total change in the genesis potential in-
dex. The results obtained indicate that the east-west dipole
pattern of the TC genesis is mainly caused by vorticity and
relative humidity. The relative contribution of vorticity and
relative humidity to the total change in the GPI is approxi-
mately 59% and 35%, respectively, in the eastern region of
the WNP (jointly 94%) and approximately 35% and 51%, re-
spectively, in the western region of the WNP (jointly 86%). In
the eastern region of the WNP, enhanced vorticity in the

lower troposphere between 5° and 20°N where most TCs are
formed (Fig. 3a) and increased relative humidity in the mid-
troposphere (Fig. 3b) during the eastern active years provide
favorable conditions for TC genesis south of 20°N, while sup-
pressed vorticity and decreased relative humidity in the west-
ern region of the WNP are responsible for the reduced TC
genesis there. Additionally, the increased atmospheric vortic-
ity and relative humidity south of 20°N in the eastern region
of the WNP are consistent with the anomalous ascending mo-
tion, while the reduced vorticity and humidity in the western
region of the WNP align with the anomalous subsiding motion
(Fig. 4). Other factors such as potential intensity and vertical
wind shear also affect TC genesis, though their contributions
are less important in the present problem.

We have shown that both vorticity and relative humidity
contribute to the seesaw relationship of TC genesis frequency
between the eastern and western regions of the WNP. It is
then of interest to know how atmospheric circulations are re-
lated to the particular variations of these factors. For this pur-
pose, we calculate the differences of the horizontal wind
between the eastern and western active years. In Fig. 5, an
anomalous anticyclone in the WNP is clearly visible at both
the 850- and 500-hPa levels, indicating the strengthening of
the subtropical high during the eastern active years compared
to the western active years. In addition, anticyclonic flows
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FIG. 3. Changes in the spatial distribution of the large-scale envi-
ronmental factors. Differences in (a) atmospheric vorticity at
850-hPa level and (b) relative humidity at the 700-hPa level of the
troposphere between the eastern and western active years (eastern
active years minus western active years). Stippling indicates a sig-
nificant difference at the 95% confidence level.

prevail at lower to midtroposphere over southeast China,
Taiwan, and the South China Sea, leading to suppressed TC gen-
esis frequency over the western portion of the WNP (Fig. 2).

The subtropical high in the WNP is an important atmo-
spheric phenomenon affecting large-scale atmospheric factors
related to TC genesis (Ling et al. 2015). Figure 5b shows a
strengthened subtropical high in the midtroposphere during
the eastern active years, with the positive 500-hPa geopoten-
tial height anomalies at approximately 20°N in the eastern re-
gion of the WNP. Because the subtropical high is a system
with strong anticyclonic vorticity, the anomalous low-latitude
easterly winds and anomalous high-latitude westerly winds
are generated along the edge of the subtropical high. Similar
results could be observed at 850 hPa (Fig. Sa). The strength-
ened subtropical high associated with the anomalous low-
latitude easterly winds strengthens the convergence via wind
speed reduction between 130° and 170°E in the lower tropo-
sphere and induces an anomalous upward motion in the
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FIG. 4. Changes in the spatial distribution of the vertical velocity
(multiplied by —1) at 500 hPa of the troposphere between the east-
ern and western active years (eastern active years minus western
active years).

midtroposphere at the low latitudes (Fig. 4, also see He et al.
2015; Chen et al. 2024). Consistently, the enhanced vorticity
and increased humidity are found at approximately 10°N east-
ward from the Philippine Sea to the date line (Figs. 3a,b),
which nearly coincides with the major region of TC genesis in
the eastern region of the WNP. The enhanced vorticity and
increased humidity provide favorable conditions for TC gene-
sis in the eastern region of the WNP. Furthermore, anticy-
clonic anomalies prevail in the lower troposphere and reduced
water vapor transport in the midtroposphere over the South
China Sea and the Philippine Sea is implied, leading to fewer
TCs forming in the western region of the WNP.

5. Role of sea surface temperature pattern

The formation of the anomalous anticyclone in the western
region of the WNP has been considered a result of the SST
variations in different ocean basins in previous studies (Wu
et al. 2024). The SST warming in the tropical north Indian
Ocean (NIO) could trigger an anomalous anticyclone in the
WNP in the following boreal summer by inducing a warm tro-
pospheric Kelvin wave (Xie et al. 2009), while the SST cooling
in the subtropical WNP could induce an anomalous anticy-
clone by suppressing local convection (Wang et al. 2003; Fan
et al. 2013). Xie et al. (2016) demonstrated that the anomalous
anticyclone could arise from interbasin ocean—-atmosphere
feedback. Furthermore, the strengthened subtropical high in
the WNP was demonstrated to be related to the zonal contrast
of the NIO warming and WNP cooling in our previous study
(Shan et al. 2023).

Figure 6 shows the difference in SST between the eastern
and western active years. Compared with the western active
years, there is a zonal dipole pattern of the SST over the NIO
and WNP during the eastern active years, with a warming of
the NIO and a cooling of the WNP. This is consistent with pre-
vious studies that showed the significant role of zonal contrast
between the NIO warming and WNP cooling in moderating
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FIG. 5. Changes in atmospheric circulation in the WNP. Differ-
ences in (a) horizontal wind at the 850-hPa level and (b) geopoten-
tial height at the 500-hPa level of the troposphere between the
eastern and western active years (eastern active years minus west-
ern active years). Vectors indicate anomalies of the horizontal
winds at the corresponding atmospheric levels.

large-scale atmospheric circulation in the WNP (Xie et al.
2016; Shan et al. 2023).

The composite analysis based on observational data indi-
cates that the seesaw relationship in TC genesis frequency be-
tween the eastern and western regions of the WNP is likely to
be driven by the warming of the NIO and the cooling of the
WNP through moderating the large-scale atmospheric circula-
tion. To test this hypothesis, we conducted numerical simula-
tions using the CESM1.2.1. The control simulation was run
for 20 consecutive years, forced by monthly SST climatology
from the Hadley Centre (Rayner et al. 2003). The idealized
experiment kept the same settings as the control simulation
but had a shorter duration (15 yr) and modified SST patterns
in specific regions (Fig. 7). We averaged the output over the
last 10 years of each simulation to obtain the climatology for a
better comparison.

Figure 8 presents the response of observed and simulated
horizontal circulation and vertical winds to the anomalous
SST pattern. Consistent with observations, the anomalous an-
ticyclone is primarily located north of 20°N in the eastern
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FIG. 6. Schematic diagram explaining the contrasting responses
of the eastern and western regions of the WNP TC genesis fre-
quency to the warm NIO and cool WNP. Shadings denote the dif-
ference in SST between the eastern and western active years (east-
ern active years minus western active years).

region of the WNP. This anomalous anticyclone is partly in-
fluenced by NIO warming, which triggers a Matsuno-Gill-
type response in the troposphere, generating a Kelvin wave
wedge that propagates eastward into the WNP. These Kelvin
waves could induce the anomalous anticyclonic circulation
by causing low-level Ekman divergence (Terao and Kubota
2005; Xie et al. 2009). Additionally, the cooling in the WNP
leads to anomalous downward motion and weakened conver-
gence, further supporting the anticyclonic anomalies through
an atmospheric Rossby wave response (Li and Zhou 2014; Li
et al. 2019; Kim and Kug 2021). The combined effect of NIO
warming and WNP cooling leads to the development of the
anomalous anticyclone. Additionally, both observational and
simulation results indicate anomalous upward flow and en-
hanced convergence at low latitudes, south of the anticy-
clonic circulation in the eastern region of the WNP, while
anomalous downward motion and reduced convergence are
observed in the western region of the WNP, consistent with
previous analyses. We also conducted two additional sensitiv-
ity experiments, modifying the location and spatial extent of
the forcings (Fig. S3). When the position and extent of the
idealized forcing were altered, the atmospheric circulation
response remained similar (Fig. S4), confirming the robust-
ness of our results. A schematic view of the possible mecha-
nisms related to the contrasting responses of the eastern
and western regions of the WNP TC genesis frequency to
the warm NIO and cool WNP during the peak season is dis-
played in Fig. 6.

6. Conclusions

We have identified a seesaw relationship of TC genesis
frequency between the eastern and western regions of the
WNP, with a correlation coefficient of —0.52, which is signifi-
cant at the 99% confidence level. The result is not sensitive to
a change in the initial year of the time series. Based on a com-
posite analysis for the spatial distribution of TC genesis be-
tween the eastern and western active years, an east-west
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dipole pattern of TC genesis density over the WNP is found,
with the pivot located at the longitude of about 130°E. A simi-
lar result is obtained if the composite analysis is performed
with respect to the genesis potential index. It is suggested that
the seesaw relationship of TC genesis frequency between the
eastern and western regions of the WNP is mainly caused by
climatological variations in vorticity and relative humidity.

The effect of atmospheric circulations and sea surface tem-
perature patterns are examined. Composite analyses and nu-
merical experiments indicate that a combination of the NIO
warming and WNP cooling plays a significant role in driving
the seesaw relationship of TC genesis frequency by modulat-
ing the subtropical high in the WNP. Compared to the west-
ern active years, the subtropical high in the WNP strengthens
and extends westward in response to the NIO warming and
WNP cooling pattern during the eastern active years. This results
in weakened convergence in the lower troposphere and reduced
water vapor transport in the midtroposphere over the South
China Sea and the Philippine Sea, leading to fewer TCs forming
in the western region of the WNP. Conversely, the strengthened
subtropical high enhances cyclonic vorticity and relative humidity
at the low latitudes eastward from the Philippine Sea to the date
line (the primary region for TC genesis in the eastern region of
the WNP), thus promoting increased TC genesis.

The current study examines the concurrent effects of a
warm Indian Ocean and a cool WNP, which, together, could
induce a dipole pattern in TC genesis over the WNP. This
contrasts with the previously proposed capacitor effect, which
explains the delayed influence of a warm Indian Ocean on
suppressed TC activity in the WNP during the summer of the
following year, as well as the subsequent development of the
subtropical high in the region (Chan 2000; Camargo et al.
2007). To further explore this, we conducted a parallel com-
posite analysis, comparing non-ENSO active TC years from
the eastern region of the WNP with non-ENSO active TC
years from the western region of the WNP. As shown in
Figs. 2c and 2d, the out-of-phase relationship in TC genesis
between the eastern and western regions of the WNP persists
even in the absence of ENSO influence. In Fig. S5, further
analysis of TC genesis density during El Nifio and La Nifia
years reveals a clear east-west dipole pattern, but with a
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FIG. 8. Comparison of the response of observed and simulated
horizontal circulation and vertical winds at 850 hPa to the anoma-
lous SST pattern. (a) The observational result of vertical velocity
(multiplied by —1) between the eastern and western active years is
shown for reference. (b) The numerical result of vertical velocity
(multiplied by —1) at 850 hPa simulated by the idealized forcing
with respect to the control experiment. Red indicates anomalous
upward motion, while blue indicates anomalous downward motion.
Vectors indicate anomalies of the horizontal winds at the 850-hPa
level. The green box indicates the main genesis region of TCs in
the WNP.

boundary shifted further eastward to approximately 140°E.
The east-west dipole pattern of relative humidity during the
ENSO composite shows a striking similarity to that in Fig. 3b,
which is likely to contribute to the dipole pattern in TC gene-
sis density. Although the sea surface temperature patterns
similarly reflect the NIO warming and WNP cooling pattern
as in Fig. 6, there is a noticeable warm tongue in the eastern
region of the WNP. A notable difference is observed in the
500-hPa geopotential height, where the subtropical high is
less pronounced during the ENSO composite. Accordingly,
the anomalous vorticity pattern in the ENSO composite pro-
vides favorable conditions for TC genesis across the entire
WNP, suggesting that it contributes minimally to the dipole
pattern of TC genesis. This inconsistency further highlights
the contrast between the seesaw pattern observed in our study
and the dipole pattern typically associated with ENSO events.
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In this study, we also observed potential interdecadal vari-
ability in the TC genesis time series (Fig. 1a). To explore this
further, we conduct a cross-spectrum analysis to examine the
magnitude-squared coherence estimate between the TC gene-
sis time series in the eastern and western regions of the WNP.
This coherence estimate, which quantifies the frequency-
domain correlation between two signals over specific fre-
quency bands, revealed significant findings. The coherence
estimate demonstrates a marked peak at the 6-yr band with a
value of 0.75, consistent with the strong correlation on the in-
terannual time scale identified in our study. Additionally, a
secondary peak at the 16-yr band with a value of 0.5 suggests
a weaker, but still notable, correlation on the interdecadal
time scale. To further assess the significance of this correlation
on the interdecadal time scale, we apply a 9-yr running mean to
the time series, resulting in a correlation coefficient R = 0.20,
which was not statistically significant (P > 0.10). These results
imply that the interdecadal variability of the TC genesis time se-
ries in the eastern and western regions of the WNP is less
pronounced.
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