
doi: 10.3319/TAO.2021.06.04.02

* Corresponding author 
E-mail: renguang@zju.edu.cn

Relation of the western North Pacific tropical cyclone genesis number to 
intraseasonal oscillation intensity

Renguang Wu1, 2, 3, * and Xi Cao 3

1 School of Earth Sciences, Zhejiang University, Hangzhou, China 
2 Southern Marine Science and Engineering Guangdong Laboratory (Zhuhai), Zhuhai, China 

3 Center for Monsoon System Research, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing, China

ABSTRACT

The present study investigates the relationship of the year-to-year variations in 
the tropical cyclone (TC) genesis number over the western North Pacific (WNP) to 
the intensity of 10-20-day and 30-60-day intraseasonal oscillations (ISOs) during 
1979 - 2018. It is found that the relationship between the TC genesis number and 
ISO intensity differs largely among the four quadrants of the WNP. The TC number 
in the southeast quadrant of the WNP has a close relation to the ISO intensity, but 
the relation is mostly weak for the TC number in the other three quadrants of the 
WNP. More (less) TC number in the southeast quadrant of the WNP corresponds to 
a stronger (weaker) ISOs. This indicates that stronger ISOs or longer active phases of 
the ISOs provide a favorable condition for formation of more TCs. This modulation 
of the ISO intensity on the TC genesis number suggests an indirect way for influence 
of seasonal mean background on the year-to-year variations in the WNP TC number 
through the ISO intensity. Further analysis suggests that this indirect way is likely a 
more important manner for the influence of seasonal mean background on the year-
to-year variations in the genesis TC number over the WNP.

Article history:
Received 3 March 2021 
Revised 9 May 2021 
Accepted 4 June 2021

Keywords:
Tropical cyclone genesis number, ISO 
intensity, The western North Pacific, 
Spatial change in the relationship

Citation:
Wu, R. and X. Cao, 2021: 
Relation of the western North 
Pacific tropical cyclone genesis 
number to intraseasonal oscillation 
intensity. Terr. Atmos. Ocean. 
Sci., 32, 1141-1152, doi: 10.3319/
TAO.2021.06.04.02

1. INTRODUCTION

The western North Pacific (WNP) is an ocean basin 
with most tropical cyclones (TCs) annually over the world. 
The WNP TCs may lead to great socioeconomic losses in 
East Asia and Southeast Asian countries when they move 
westward or northwestward to make landfall near the coast-
al regions. Thus, the reason for the year-to-year variations 
in the TC genesis number over the WNP is an issue of many 
previous studies (e.g., Chan 2000; Chia and Ropelewski 
2002; Wang and Chan 2002; Camargo and Sobel 2005; 
Chen et al. 2006).

The TC formation is subjected to the impacts of vari-
ous environmental factors (Gray 1968). The role of seasonal 
mean atmospheric and oceanic states in the variations of 
the WNP TC number has been indicated in previous stud-
ies. TCs prefer to occur within the monsoon trough region 
(Ritchie and Holland 1999; Molinari and Vollaro 2013; Yo-

shida and Ishikawa 2013; Feng et al. 2014; Cao and Wu 
2018a; Cao et al. 2020) where synoptic disturbances tend 
to develop. More TCs form east of 160°E during strong 
monsoon trough years than during weak monsoon trough 
years (Wu et al. 2012). The El Niño and La Niña events in 
the tropical central-eastern Pacific modulate the large-scale 
background of the TC genesis over the WNP, leading to a 
shift of the TC genesis location southeastward and north-
westward, respectively (Chan 2000; Chia and Ropelewski 
2002; Wang and Chan 2002).

Previous studies have shown the impacts of the intra-
seasonal oscillation (ISO) on the WNP TC occurrence (Li-
ebmann et al. 1994; Maloney and Hartmann 2001; Kim et 
al. 2008; Camargo et al. 2009; Huang et al. 2011; Cao et al. 
2012). More TCs tend to form in the wet/active phase of 
the ISOs (Kim et al. 2008; Huang et al. 2011; Zhao et al. 
2015). Analysis shows that the disturbance at the TC oc-
currence is mostly due to the contributions of synoptic and 
intraseasonal components (Cao and Wu 2018b; Cao et al. 
2018). As the ISO plays a role in the WNP TC genesis, the 
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ISO intensity may be a factor in the WNP TC number varia-
tions. However, the contribution of the ISO intensity to the 
year-to-year variations in the WNP TC genesis number has 
not been investigated in the literature.

The seasonal mean not only serves as a background for 
the TC formation, but also modulates the ISO intensity (Wu 
and Cao 2017; Wu and Song 2018; Wang and Wu 2020). 
The 10-20-day ISOs tend to be intensified over the tropical 
WNP during the El Niño developing summers and the 30-
60-day ISOs tend to be stronger over the tropical WNP dur-
ing the La Niña decaying summers (Wu and Cao 2017). As 
such, the ISO intensity change may serve as a medium in the 
influence of seasonal mean anomalies on the TC formation 
over the WNP. This indirect influence of seasonal mean on 
the WNP TC genesis variations via modulation of the ISO 
intensity has not been addressed in previous studies.

The present study focuses on the contribution of the 
ISO intensity to the year-to-year variations in the WNP 
TC genesis number. The direct effect and indirect effect of 
seasonal mean anomalies on the TC number variation are 
compared as well. Note that the year-to-year variations in 
the source, propagation and coupling with the convection of 
the ISOs may also affect the TC activity. The present study, 
however, only investigates the impact of the ISO intensity. 
As indicated by previous studies, the two ISOs, the 10-20-
day and 30-60-day time scales, display notable differences 
in the location of initiation and direction of propagation 
(Kajikawa and Yasunari 2005; Yang et al. 2008; Wang 
et al. 2009). The 30-60-day ISOs affect the tropical WNP 
through a northward or northeastward propagation from the 
eastern Indian Ocean and the Maritime Continent (Annama-
lai and Slingo 2001; Kemball-Cook and Wang 2001). The 
10-20-day ISOs reach the WNP via a northwestward propa-
gation from the equatorial western-central Pacific (Yang et 
al. 2008; Kikuchi and Wang 2009). Thus, the effects of the 
two ISOs on the WNP TC number variations are examined 
separately in the present analysis.

The WNP TC occurrence extends over a domain with 
60° longitudes and 30° latitudes. As such, the environmen-
tal fields of the TC genesis are likely not uniform within the 
whole WNP basin. This indicates the necessity of examin-
ing the factors of the TC occurrence in different sectors of 
the WNP. It is shown that the TC number in the northwest 
and southeast parts of the WNP has an opposite relation to 
El Niño-Southern Oscillation (ENSO) (Wang and Chan 
2002; Chen and Tam 2010; Kim et al. 2011; Zhan et al. 
2014; Ha et al. 2015; Liu and Chen 2019; Liu et al. 2019). 
Thus, the present study examines the relationship of the TC 
genesis number variations to the ISO intensity in different 
WNP sectors.

The organization of the text is as follows. The data and 
methods are introduced in section 2. Section 3 presents the 
spatial change in the relationship of the TC genesis number 
to the ISO intensity over the WNP. Section 4 addresses the 

effect of the ISO intensity on the variations of the TC num-
ber in the SE sector of the WNP. Section 5 compares the di-
rect and indirect effects of seasonal mean on the TC number 
variations. Summary is provided in section 6.

2. DATA AND METHODS

The TC number in the present study is derived from 
the TC best-track data of the Joint Typhoon Warning Center 
(JTWC), which is archived in the International Best Track 
Archive for Climate Stewardship (IBTrACS) v03r10 of the 
National Climate Data Center (Knapp et al. 2010). The TC 
genesis is determined when the maximum sustained wind 
speed reaches 33 kts (~17 m s-1). The domain of TC genesis 
in the present analysis extends from 120°E to the dateline 
and from the equator to 30°N. The present study counts the 
total TC number over June-November (hereafter JJASON), 
which is the TC season in the WNP region. The difference 
in the variations of the TC number between June to August 
(JJA) and September to November (SON) is not addressed 
in the present study.

The present study uses daily mean 850 hPa winds and 
monthly mean wind, vertical motion and specific humidity 
from the National Centers for Environmental Prediction-
Department of Energy (NCEP-DOE) reanalysis (Kanamitsu 
et al. 2002). The reanalysis variables have a horizontal reso-
lution of 2.5° in latitude and longitude. The NCEP-DOE re-
analysis is available from 1979 to the present and provided 
by the NOAA/OAR/ESRL Physical Science Department 
(PSD). The NCEP-DOE reanalysis variables were obtained 
from the web site at http://www.esrl.noaa.gov/psd/.

Monthly mean SST used in the present study is the 
NOAA Extended Reconstructed Sea Surface Temperature 
(ERSST) version 5 data (Huang et al. 2017). The ERSST 
data is available on a horizontal resolution of 2° × 2° from 
1854 to the present. The ERSST data were obtained via 
ftp://ftp.cdc.noaa.gov/.

In the present study, the genesis potential index (GPI) 
(Emanuel and Nolan 2004; Camargo et al. 2007) is used 
to consolidate the contributions of different environmental 
variables to the TC genesis. The GPI is calculated as follows:

GPI T T T T1 2 3 4# # #=  (1)

where T1 10 /5 3 2h= , ( . )T V2 1 0 1 shear
2= + - , T H3 50

3

= ` j ,  
T

V
4 70

pot
3

= c m , η is the absolute vorticity at lower-level  
(850 hPa) (in s-1), Vshear is the magnitude of the vertical wind 
shear between 850 and 200 hPa (in m s-1), H is the relative 
humidity at mid-level (700 hPa) in percent, and Vpot is the 
potential intensity (in m s-1).

An analysis of the barotropic energy conversion to 
the synoptic scale disturbances is performed in the present 
study based on the following equation:

http://www.esrl.noaa.gov/psd/
ftp://ftp.cdc.noaa.gov/
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 is the time rate of change of the kinetic en-
ergy, ( , )u v  are the background zonal and meridional winds, 
and ( , )u vl l  are the synoptic zonal and meridional wind 
components. The four terms in the right-hand-side repre-
sent the barotropic energy conversion related to the meridi-
onal shear of zonal wind, the zonal convergence of zonal 
wind, and the meridional convergence of meridional flow, 
the zonal shear of meridional flow, respectively. The synop-
tic wind components are derived using original daily mean 
minus a 9-day running mean. Each term on the right hand 
side of the above equation is calculated by averaging the 
product of daily quantities during June through November 
(JJASON) in a specific year.

The intensity of the ISOs is measured using the kinetic 
energy of intraseasonal variations of daily winds at 850 hPa. 
First, the intraseasonal variations of 850 hPa daily winds at 
10-20-day and 30-60-day time bands are obtained by using 
a 9-day running mean minus a 21-day running mean and a 
29-day running mean minus a 61-day running mean applied 
to daily mean winds, respectively. Note that the running 
mean approach allows the extension of the filtered time se-
ries when new data are added without repeating the filtering 
for the whole time series. Then, the kinetic energy of 10-20-
day and 30-60-day intraseasonal wind variations is calculat-
ed for the time period during 1 June through 30 November 
in each year. Last, the average values of the kinetic energy 
during JJASON of a specific year are obtained to represent 
the intensity of two ISOs in that year. In the following, we 
use KE1 and KE2 to denote the intensity of 10-20-day and 
30-60-day ISOs during JJASON, respectively. Note that the 
intensity of ISOs in the present study differs from the ampli-
tude of individual ISO events.

The present analysis separates the WNP into four sec-
tors based on 15°N latitude and 150°E longitude. This al-
lows the four sectors to have nearly equal areas. The above 
separation is the same as Chen and Tam (2010), Tao and 
Lan (2017), and Wu et al. (2019, 2020). The four sectors 
are termed as northwest (NW), northeast (NE), southwest 
(SW), and southeast (SE) quadrant, respectively. The rela-
tionship of the TC number to the ISO intensity and seasonal 
mean is examined for the four quadrants separately.

Correlation and regression analysis is used in the pres-
ent analysis. The statistical significance of the correlation 
is estimated based on the Student’s t test. Composite analy-
sis is used to obtained common anomalies for a specific 
type of years. The statistical significance of the difference 
of composite anomalies between two types of years is esti-
mated using the two tailed Student’s t test. The two sample 
Kolmogorov-Smirnov test (Kolmogorov 1933; Smirnov 
1948) is used to examine the statistical significance of the 

difference between two cumulative probability density 
functions (PDFs).

3. SPATIAL CHANGE IN THE RELATIONSHIP OF 
THE TC NUMBER TO THE ISO INTENSITY

In this section, we examine the relationship of the TC 
number in the four quadrants of the WNP to the ISO inten-
sity. The purpose is to investigate whether the relationship 
differs among the four quadrants. Figures 1 - 2 show the 
correlation coefficient of grid point KE1 and KE2 with area-
mean TC number in the whole WNP and the four quadrants 
during JJASON for the period 1979 - 2018.

The TC number in the whole WNP region displays 
moderate positive correlation with the 10-20-day ISO in-
tensity over most of the domain (Fig. 1a). However, there 
is a pronounced difference of the correlation among the TC 
numbers in the four quadrants. The TC number in the SE 
quadrant has a high positive correlation with the 10-20-day 
ISO intensity extending northwestward from the equatorial 
central Pacific (160°E - 140°W) (Fig. 1e). The NE quad-
rant TC number displays a moderate positive correlation in 
a subtropical region (Fig. 1c). The correlation with the SW 
quadrant TC number is small except for a few limited re-
gions (Fig. 1d). The correlation with the NW quadrant TC 
number has a negative correlation extending northwestward 
from the equatorial central Pacific (Fig. 1b).

There are several features on Fig. 1 that are worthy of 
discussion. The first feature is that the correlation with the 
SE, NE, and NW quadrant TCs displays a southeast-north-
west band structure. This is related to the origin and propa-
gation of the 10-20-day ISOs. The 10-20-day ISOs tend to 
originate from the equatorial western Pacific and propagate 
northwestward to the WNP (Kikuchi and Wang 2009). The 
second feature is that the correlation with the SE and NW 
quadrant TCs is opposite. This is due to an opposite varia-
tion of the TCs in the two quadrants. The correlation coef-
ficient of TCs in the SE and NW quadrants is -0.42 for the 
period 1979 - 2018. The third feature is that the positive cor-
relation band with the NE quadrant TC is confined to north 
of 15°N and extends from southwest part of the SE quadrant 
to the NW quadrant. This indicates that the NE quadrant TC 
is only influenced by the 10-20-day ISOs that propagates 
along higher latitudes. The extension of positive correlation 
to the NW quadrant may be explained by the consistency of 
the 10-20-day ISO intensity change along the propagation 
path. The weak correlation in the northeast part of the NE 
quadrant is likely due to few TC activity and/or weak 10-20-
day ISO activity.

The correlation of the 30-60-day ISO intensity with 
the TC number tends to display features similar to that of 
the 10-20-day ISO intensity. The correlation with the whole 
WNP TC number is dominated by positive values (Fig. 2a). 
Large positive correlation with the SE quadrant TC number 
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(a)

(b) (c)

(d) (e)

Fig. 1. Correlation coefficient of grid point 10-20-day ISO intensity with the TC number in (a) whole WNP, (b) NW, (c) NE, (d) SW, and (e) SE 
quadrants of the WNP during JJASON for the period 1979 - 2018. Thick lines denote correlation coefficient significant at the 95% confidence level. 
The four quadrants are denoted by the red lines.

(a)

(b) (c)

(d) (e)

Fig. 2. Correlation coefficient of grid point 30-60-day ISO intensity with the TC number in (a) whole WNP, (b) NW, (c) NE, (d) SW, and (e) SE 
quadrants of the WNP during JJASON for the period 1979 - 2018. Thick lines denote correlation coefficient significant at the 95% confidence level. 
The four quadrants are denoted by the red lines.
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extends northwestward from the equatorial central Pacific 
(Fig. 2e). Nearly opposite correlation is seen with the NW 
quadrant TC number (Fig. 2b). In comparison, the correla-
tion in the SE quadrant with the 30-60-day ISO intensity 
is somewhat smaller compared to that with the 10-20-day 
ISO intensity. A feature to note is that the NE quadrant TC 
has a moderate positive correlation with the 30-60-day ISO 
intensity in the same region (Fig. 2c). A similar feature is 
seen for the SW quadrant TC but with a smaller positive 
correlation (Fig. 2d).

The difference of the TC number-ISO intensity rela-
tionship among the four quadrants of the WNP is further 
confirmed by the correlation coefficient between the area-
mean ISO intensity and TC number (Table 1). The corre-
lation coefficient of area mean in the SE quadrant reaches 
0.76 and 0.64, respectively, for the 10-20-day and 30-60-
day ISOs, both of which are significant over the 99.9% 
confidence level. The correlation of area mean in the whole 
WNP region is significant at the 95% confidence level for 
the 10-20-day ISO. The correlation of area mean in the NE 
quadrant is significant at the 95% confidence level for the 
30-60-day ISO. The difference of the above relationship 
among the four quadrants of the WNP indicates that it is 
necessary to investigate reasons of the TC number varia-
tions in different sectors separately.

4. EFFECT OF THE ISO INTENSITY IN THE TC 
NUMBER VARIATION IN THE SE SECTOR

The comparison of the relationship in the previous 
section indicates that the TC number in the SE quadrant is 
prominently modulated by the ISO intensity, which is dis-
tinct from the TC number in the other three quadrants. In 
this section, we focus on illustrating the effect of the ISO 
intensity on the TC number in the SE quadrant of the WNP.

We first compare the temporal evolution of the JJA-
SON TC number and ISO intensity averaged over the SE 
quadrant of the WNP (Fig. 3). A prominent coherent year-
to-year changes are seen between the TC number and the 
intensity of the two ISOs in most years during the analysis 
period. Based on the time series of the JJASON TC number, 
we select 11 years (1980, 1986, 1987, 1991, 1992, 1994, 
1997, 2002, 2004, 2015, 2018) with the TC number of 4 or 
more and 13 years (1981, 1988, 1989, 1998, 1999, 2005, 
2006, 2007, 2008, 2010, 2011, 2016, 2017) with no TC oc-
currence in the SE quadrant. Then, we conduct a composite 
analysis of the JJASON ISO intensity in the two types of 
years. The intensity of the 10-20-day ISO shows a large pos-
itive and significant difference over the WNP between the 
two types of years (Fig. 4a). The largest difference is cen-
tered around 10°N and 150°E, reaching over 2 m2 s-2. The 
intensity of the 30-60-day ISO displays a positive difference 
as well (Fig. 4b), but with a much smaller difference and 
over a smaller region compared to the 10-20-day ISO. The 

discrepancy is likely related to the difference in the region 
of source and propagation of the two ISOs. The 10-20-day 
ISOs tend to originate from the equatorial western Pacific 
and propagate northwestward to the WNP (Kikuchi and 
Wang 2009), whereas the 30-60-day ISOs tend to propagate 
northeastward from the Maritime Continent to the WNP 
(Kemball-Cook and Wang 2001). The above differences 
suggest that the contribution of the 10-20-day ISO may be 
larger than that of the 30-60-day ISO. This is confirmed by 
a partial correlation analysis for TC, KE1, and KE2 in the 
SE quadrant. The correlation coefficient between TC and 
KE1 changes from 0.74 to 0.54 after removing the signal 
of KE2. The correlation coefficient between TC and KE2 
drops from 0.64 to -0.13. The results indicate that the posi-
tive correlation between TC and KE2 is likely due to the co-
herent variation of KE1 and KE2 (a positive correlation of 
0.90 for the period 1979 - 2018).

The contribution of the 10-20-day and 30-60-day ISOs 
is confirmed by an analysis of barotropic energy conversion 
to synoptic scale disturbances. There are more barotropic 
energy conversion from the two ISOs to synoptic distur-
bances in more than less TC years (Fig. 5). In comparison, 
the overall barotropic energy conversion from the 10-20-
day ISO is larger than that from the 30-60-day ISO. The 
conversion from the 10-20-day ISO is larger east of 145°E 
(Fig. 5a) and that from the 30-60-day ISO is larger west 
of 150°E (Fig. 5b). The term associated with the meridi-
onal shear of zonal wind has a leading contribution and the 
term associated with the zonal convergence of zonal wind 
is secondary from both the 10-20-day and 30-60-day ISOs 
(figures not shown). The term associated with the meridi-
onal convergence of meridional wind of the 10-20-day ISO 
has a negative contribution, so is the term associated with 
the zonal shear of meridional wind of the 30-60-day ISO 
(figures not shown).

The increased intensity of the ISOs signifies a larger 
amplitude of intraseasonal wind fluctuations or a longer 
period of active phases of the ISOs. To illustrate this, we 
compare the PDF distribution of the natural logarithm of 
daily kinetic energy of the two ISOs in the more and less 
SE quadrant TC number years (Fig. 6). The PDF is obtained 
for the grid points falling within the SE quadrant. Note that 
the PDF is calculated for the natural logarithm of the kinetic 
energy since the kinetic energy does not follow the normal 
distribution. The PDF displays an obvious shift to negative 
values in less than more TC years. The mean values of the 
natural logarithm of the kinetic energy of the 10-20-day (30-
60-day) ISO are -0.85 and -0.17 (-1.59 and -0.77), respec-
tively, in less and more TC years. The mean values of the 
kinetic energy of the 10-20-day (30-60-day) ISO are 1.15 
and 1.95 (0.57 and 1.00), respectively, in less and more TC 
years. It indicates that the two ISOs tend to be stronger and/
or the active phases of the ISOs tend to be longer in more 
than less TC years. To estimate whether the two PDFs are 
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whole NW NE SW SE

TC-KE1 0.36* -0.20 0.17 0.14 0.76***

TC-KE2 0.29 0.19 0.35* 0.15 0.64***

Table 1. Correlation coefficient between TC number and KE1 
or KE2 during JJASON in the whole WNP and four sectors of 
the WNP for the period 1979 - 2018. Symbol *, **, and *** 
denotes correlation coefficient reaching the 95%, 99%, and 
99.9% confidence level, respectively.

Fig. 3. The TC number (black curve) and area-mean 10-20-day and 30-60-day ISO intensity (green and blue curves, m2 s-2) averaged in the SE 
quadrant of the WNP during JJASON for the period 1979 - 2018. The numbers on the top-right denote the correlation coefficients between the TC 
number and the ISO intensity.

(a) (b)

Fig. 4. Difference of composite JJASON (a) 10-20-day and (b) 30-60-day ISO intensity (m2 s-2) between years of the JJASON TC number in the SE 
quadrant of the WNP of more than 3 and less than 1. The thick lines denote that the difference is significant at the 95% confidence level.

(a) (b)

Fig. 5. Differences of composite JJASON anomalies (10-6 m2 s-3) of sum of four terms in the equation of barotropic kinetic energy conversion associ-
ated with (a) 10-20-day and (b) 30-60-day ISO between years of the JJASON TC number in the SE quadrant of the WNP of more than 3 and less 
than 1. The thick lines denote that the difference is significant at the 95% confidence level.
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significantly different from each other between more and 
less TC years, we calculate the cumulative PDFs of the nat-
ural logarithm of the kinetic energy of the two ISOs in more 
and less TC years (Fig. 7). According to the Kolmogorov-
Smirnov statistic, the maximum difference of cumulative 
PDFs between more and less TC years exceeds the 95% and 
99% confidence level, respectively, for the 10-20-day and 
30-60-day ISO.

Previous studies have shown that more TCs tend to 
form in the active phase of the ISOs (Kim et al. 2008; Huang 
et al. 2011; Zhao et al. 2015) and the intraseasonal compo-
nents of the environmental variables contribute largely to 
the disturbances at the TC occurrence (Cao and Wu 2018b; 
Cao et al. 2018). Our results indicate that stronger ISOs and/
or longer active phases of the ISOs provide a favorable con-
dition for the formation of more TCs in the SE quadrant 
of the WNP. In contrast, weaker ISOs and/or shorter active 
phases of the ISOs may lead to a reduction in the TC num-
ber in the SE quadrant of the WNP.

5. ROLE OF THE ISO INTENSITY IN THE EFFECT 
OF SEASONAL MEAN ON THE TC NUMBER 
VARIATION

The year-to-year variations in the TC genesis over 
the WNP are usually attributed to seasonal mean anoma-
lies (Chan 2000; Chia and Ropelewski 2002; Wang and 
Chan 2002; Wu et al. 2012; Feng et al. 2014; Cao and Wu 
2018a; Cao et al. 2020). It is also shown that the seasonal 
mean anomalies modulate the intensity of the ISOs over the 
WNP (Wu and Cao 2017; Wu and Song 2018; Wang and 
Wu 2020). The analysis in the previous sections indicate the 
effect of the ISO intensity on the variations of the TC num-
ber in the SE quadrant of the WNP. Together, it suggests 
that the seasonal mean effects on the TC variation have two 
different ways. One is a direct modulation of the environ-
ment of TC genesis. The other is an indirect way through 
modulating the ISO intensity. In this section, we first com-
pare the environment fields corresponding to the TC num-
ber and area-mean ISO intensity in the SE quadrant of the 
WNP. Then, we demonstrate the modulation of seasonal 

mean on the ISO intensity. Last, we illustrate the role of the 
ISO intensity in the effect of seasonal mean on the TC num-
ber variation. There are several quantities involved in the 
modulation of seasonal mean environmental field, includ-
ing lower-level vorticity, mid-tropospheric vertical motion, 
mid-level specific humidity, vertical shear of wind between 
lower and upper levels and SST. We synthesize the effects 
of those quantities using the GPI in the following analysis.

The GPI anomalies display very similar feature cor-
responding to the TC number and the 10-20-day and 30-
60-day ISO intensity in the SE quadrant of the WNP. Large 
positive and significant GPI anomalies extend northwest-
ward from the equatorial central Pacific in more TC years as 
well as in stronger ISO years (Fig. 8). Negative GPI anoma-
lies are seen over the SW quadrant of the WNP and sub-
tropical WNP. The good correspondence of the GPI anoma-
lies suggests that the seasonal mean environment modulates 
both the TC number and the ISO intensity in the SE quad-
rant of the WNP.

We compare the PDFs of the natural logarithm of the 
kinetic energy of the two ISOs to demonstrate the modula-
tion of seasonal mean anomalies on the ISO intensity. Based 
on the time series of area-mean JJASON GPI anomalies in 
the SE quadrant of the WNP, we select 13 positive (1980, 
1982, 1990, 1991, 1997, 2002, 2003, 2004, 2006, 2009, 
2014, 2015, 2018) and 15 (1981, 1983, 1984, 1988, 1989, 
1995, 1996, 1998, 1999, 2007, 2008, 2010, 2011, 2012, 
2017) negative GPI anomaly years based on the criterion of 
0.5 standard deviation. The PDF of the natural logarithm of 
the kinetic energy of the two ISOs is calculated for the grid 
points within the SE quadrant of the WNP in positive and 
negative GPI anomaly years. Apparently, the PDF shifts to 
negative values when the GPI anomaly is negative (Fig. 9). 
The mean values of the natural logarithm of the kinetic en-
ergy of the 10-20-day (30-60-day) ISO is -0.83 and -0.26 
(-1.62 and -0.88), respectively, in negative and positive GPI 
anomaly years. The mean values of the kinetic energy of the 
10-20-day (30-60-day) ISO is 1.06 and 1.77 (0.54 and 1.01), 
respectively, in negative and positive GPI anomaly years. 
The results indicate that the two ISOs tend to be stronger 
and/or have a longer active phases when GPI is larger, but 

(a) (b)

Fig. 6. The PDFs of grid-point natural logarithm of the JJASON kinetic energy of (a) 10-20-day and (b) 30-60-day ISO within the SE quadrant of 
the WNP for years of the JJASON TC number in the SE quadrant of the WNP of more than 3 (red) and less than 1 (green). The vertical lines and 
numbers in the top-right denote the mean values of the PDFs.
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(a) (b)

Fig. 7. The cumulative PDFs of grid-point natural logarithm of the JJASON kinetic energy of (a) 10-20-day and (b) 30-60-day ISO within the SE 
quadrant of the WNP for years of the JJASON TC number in the SE quadrant of the WNP of more than 3 (red) and less than 1 (green).

(a)

(b)

(c)

Fig. 8. GPI anomalies obtained by regression against the (a) TC number and area-mean (b) 10-20-day and (c) 30-60-day ISO intensity in the SE 
quadrant of the WNP during JJASON for the period 1979 - 2018. Thick lines denote that the anomalies are significant at the 95% confidence level.

(a) (b)

Fig. 9. The PDFs of grid-point natural logarithm of the JJASON kinetic energy of (a) 10-20-day and (b) 30-60-day ISO within the SE quadrant of 
the WNP for years of area-mean JJASON GPI in the SE quadrant of the WNP of more than 0.5 standard deviation (red) and less than -0.5 standard 
deviation (green). The vertical lines and numbers in the top-right denote the mean values of the PDFs.
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weaker and/or have a shorter active phases when GPI is 
smaller. This feature is similar to that corresponding to the 
more and less TC number years (Fig. 5).

We perform a partial correlation analysis of area 
means to illustrate the role of the ISO intensity in the ef-
fect of seasonal mean on the TC number variations. For the 
area means in the SE quadrant, the correlation coefficient is 
0.63 between the TC number and GPI, 0.75 between GPI 
and KE1, and 0.70 between GPI and KE2 (Table 2). All 
the three correlation coefficients are significant above the 
99.9% confidence level. The partial correlation coefficient 
between the TC number and GPI drops to 0.14 after remov-
ing the KE1 effect and 0.34 after removing the KE2 effect. 
The large drop of the correlation coefficients excluding the 
KE1 and KE2 effects indicates an important role of the ISO 
intensity in the influence of the seasonal mean on the TC 
number variation.

6. SUMMARY

Previous studies have attributed the year-to-year varia-
tions in the TC genesis number over the WNP to seasonal 
mean changes that modulate the large-scale environment of 
the TC genesis. Studies have also shown differences in the 
TC genesis between active and inactive phases of the ISOs 
over the WNP. The present study investigates the influence 
of the ISO intensity on the year-to-year variations in the TC 
genesis number over the WNP. It is found that the relation-
ship between the WNP TC genesis number and ISO inten-
sity differs largely among the four sectors of the WNP. The 
TC number in the SE quadrant of the WNP has a close rela-
tionship to both the 10-20-day and 30-60-day ISO intensity, 
whereas the TC number in the other three quadrants of the 
WNP does not show a good relationship with the intensity 
of the two ISOs.

Composite analysis shows that the 10-20-day ISO in-
tensity has a larger difference between the more and less TC 
number years than the 30-60-day ISO intensity. A compari-
son of the PDF of logarithm of the kinetic energy of the two 
ISOs indicates that more TC number tends to form in the SE 
quadrant of the WNP when the ISOs are stronger and/or the 
active phases of the ISOs are longer. This correspondence 
suggests that stronger ISOs and/or longer active phases of 
the ISOs provide a favorable condition for the intensifica-
tion of disturbances, which leads to a higher probability for 
the disturbances to develop into TCs.

The effect of the ISO intensity on the TC number varia-
tions serves as an alternative way for the influence of sea-
sonal mean on the WNP TC number. Our partial correlation 
analysis shows that the correlation between the TC number 
and seasonal mean GPI becomes small after removing the 
effect of the ISO intensity. This suggests that the indirect 
influence of seasonal mean through the modulation of the 
ISO intensity is likely more important than the influence of 

seasonal mean on the TC genesis through the modulation of 
the large-scale environmental background.

Several previous studies noted that the TC-related 
wind fields may contribute to the variance of ISOs (e.g., 
Hsu et al. 2008; Aiyyer et al. 2012; Bi et al. 2015). Thus, 
as issue is whether the contributions of the ISO intensity to 
the TC activity obtained in the present analysis is contami-
nated by the TC-related winds. To address this issue, we 
conduct a parallel analysis after the TC vortex is removed 
from the 850 hPa wind fields. The technique of Kurihara et 
al. (1995) is used in removing the TC vortex, following Hsu 
et al. (2008) and Bi et al. (2015). The employed procedure 
is the same as Bi et al. (2015). The results remain the same 
after the removal of TC vortex from the 850 hPa wind fields 
though there are minor quantitative differences. Thus, we 
conclude that the TC signal does not alter the contributions 
of the ISO intensity to the TC variations.

The differences of the TC number-ISO intensity rela-
tionship among the four quadrants of the WNP indicate the 
necessity to distinguish the four quadrants in the investiga-
tion of the factors of the variations of the TC number in the 
WNP, consistent with Wu et al. (2019, 2020). An issue is 
why the TC number in the other three quadrants of the WNP 
has a weak relation to the ISO intensity. We note that the 
correlation between the TC number and area-mean GPI is 
prominent only in the SE quadrant, so is the correlation be-
tween the area-mean GPI and ISO intensity (Table 2). This 
appears to suggest that the role of the ISO intensity may 
be a factor in the spatial change in the link of the TC num-
ber with seasonal mean environment. Note, however, that 
the correlation between area-mean lower-level vorticity and 
ISO intensity is high in all the four quadrants though it is 
largest in the SE quadrant (Table 2). This indicates that the 
ISO intensity is closely related to seasonal mean lower-level 
vorticity anomalies. The ISO intensity may also subject to 
impacts of remote forcing. Further investigation is needed to 
understand the spatial change in the role of the ISO intensity 
in connecting the WNP TC number to the remote forcing.

whole NW NE SW SE

TC-GPI 0.13 -0.06 0.34* 0.03 0.63***

GPI-KE1 0.45* 0.28 0.31 -0.24 0.75***

GPI-KE2 0.38* 0.13 0.00 -0.08 0.70***

TC-Vort 0.45* 0.16 0.21 0.36* 0.71***

Vort-KE1 0.72*** 0.45** 0.39* 0.56*** 0.81***

Vort-KE2 0.58*** 0.38* 0.33* 0.33* 0.79***

Table 2. Correlation coefficient between TC number and GPI, between 
GPI and KE1 or KE2, between TC number and lower-level vorticity 
(Vort), and between lower-level vorticity (Vort) and KE1 or KE2 dur-
ing JJASON in the whole WNP and four sectors of the WNP for the pe-
riod 1979-2018. Symbol *, **, and *** denotes correlation coefficient 
reaching the 95%, 99%, and 99.9% confidence level, respectively.
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