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Abstract The frequency of tropical cyclones (TCs) over the western North Paciﬁc during
June–November has a signiﬁcant inverse correlation with the concurrent Paciﬁc‐North American (PNA)
pattern from 1965 to 2016. During low PNA years, more TCs form north of 12.5°N, with signiﬁcantly greater
TC occurrences from 15 to 20°N, compared to high PNA years. The difference in TC genesis location can
be explained by the differences in the genesis potential index derived from the environmental variables in
both PNA phases. The PNA inﬂuences TC formation primarily by modulating large‐scale dynamic
conditions, with thermodynamic conditions playing a lesser role. In low PNA years, low‐level anomalous
cyclonic lows over the Philippines and in the subtropical central Paciﬁc provide signiﬁcant positive relative
vorticity anomalies favorable for TC genesis. Additionally, there is also less vertical wind shear to the
north of the Philippines due to enhanced winds at low levels and weaker winds at upper levels.
Plain Language Summary Tropical cyclones (TCs) are the most devastating natural disasters in
many coastal regions, including over the western North Paciﬁc (WNP). Therefore, the characteristics and
driving mechanisms of WNP TC activity have been studied extensively over the past several decades.
Previous publications indicated that El Niño‐Southern Oscillation (ENSO) played the most important role
on an interannual basis in modulating WNP TC formation, movement, and intensity. However, the
interannual frequency of WNP TCs is only weakly inﬂuenced by ENSO. Here we ﬁnd that there exists a
signiﬁcant negative correlation between the annual number of boreal summer WNP TCs and the concurrent
Paciﬁc‐North American (PNA) pattern. Distinct from other climate modes (e.g., the North Atlantic
Oscillation and the Arctic Oscillation), the inverse relationship between WNP TC frequency and the PNA is
relatively stable and independent of the period analyzed. Furthermore, the PNA inﬂuences the formation of
WNP TCs through a modulation of the large‐scale environment, particularly the dynamic conditions.
During low PNA years, the large‐scale dynamic conditions are more favorable for TC development,
compared to high PNA years. Our results imply that one may be able to improve the prediction of WNP TC
frequency by considering variations in the PNA pattern.
1. Introduction
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Tropical cyclone (TC) frequency over the western North Paciﬁc (WNP) has exhibited signiﬁcant temporal
variability on different timescales over the past several decades, which is driven primarily by variations in
large‐scale oceanic and atmospheric patterns (Chan, 2004). Changes in WNP TC numbers have been shown
to exhibit signiﬁcant interannual variability (Chan & Xu, 2009). Several previous publications have investigated the inﬂuences of various climate modes on the interannual variation in WNP TC frequency. The
occurrence of WNP TCs is very sensitive to both local forcing and remote oceanic forcing represented by different sea surface temperature (SST) patterns, such as the El Niño‐Southern Oscillation (ENSO; Chan, 1985;
Camargo & Sobel, 2005), the Indian Ocean Dipole (Du et al., 2011; Zhan et al., 2011), the North Paciﬁc Gyre
Oscillation (Zhang et al., 2013), the Paciﬁc Meridional Mode (Zhang et al., 2016), and the Atlantic
Meridional Mode (Zhang et al., 2017). Although debate continues on the strength of the relationship
between WNP TC activity and the stratospheric Quasi‐Biennial Oscillation (Camargo & Sobel, 2010;
Chan, 1995; Ho et al., 2009), WNP TC frequency is signiﬁcantly impacted by other different atmospheric circulation patterns, including the North Atlantic Oscillation (NAO; Elsner & Kocher, 2000; Choi & Cha, 2017),
the Antarctic Oscillation (Ho et al., 2005), the North Paciﬁc Oscillation (Chen et al., 2015; Wang et al., 2007),
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the Arctic Oscillation (AO; Choi & Byun, 2010; Choi et al., 2012), the Paciﬁc‐Japan teleconnection pattern
(Choi et al., 2010), and the Western Paciﬁc teleconnection pattern (Choi & Moon, 2012).
The impacts of ENSO on WNP TCs have been investigated in many previous studies. El Niño seasons are
typically characterized by an eastward and equatorward migration in WNP TC genesis location. WNP TCs
forming in El Niño seasons, on average, have a longer duration, reach a greater intensity, and are more likely
to recurve than WNP TCs forming in La Niña seasons (Camargo & Sobel, 2005; Chu, 2004). However, there
is only a weak correlation between annual total TC numbers over the entire WNP and ENSO (Lander, 1994),
despite the statistically signiﬁcant relationship between the number of intense TCs and ENSO phase caused
by the migration in TC formation location and prevailing track (Camargo et al., 2007; Camargo & Sobel,
2005). In addition, Chen et al. (2006) analyzed characteristics of TC activity in different groups categorized
by their intensities and found no differences in TC frequency among these groups when stratiﬁed by
ENSO phase.
By contrast, the frequency of WNP TCs is closely associated with the AO and the NAO, which are the dominant modes of climate variability over the Northern Hemisphere extratropics and the North Atlantic, respectively (Thompson & Wallace, 2000; Wallace & Gutzler, 1981). The AO can signiﬁcantly inﬂuence the
interannual variability of WNP TC frequency through modulation of the atmospheric circulation (Choi
et al., 2012; Choi & Byun, 2010). More TCs form to the east of 150°E during low AO years than during high
AO years (Choi & Byun, 2010). The NAO can change the large‐scale ﬂow pattern that consequently then
inﬂuences WNP TC genesis (Choi & Cha, 2017). For positive and negative NAO years, there are more TC
occurrences in the northwestern and southeastern regions of the WNP, respectively (Choi & Cha, 2017).
Choi and Cha (2017) further documented a strong positive correlation between the NAO index during
June and WNP TC frequency during July and August. However, Zhou and Cui (2014) found that the linkage
between WNP TC frequency and the NAO changed from a weak relationship in 1948–1977 to a strong relationship in 1980–2009. Cao et al. (2015) also showed that the strong relationship between WNP TC frequency
and the AO during 1968–1986 became weak during 1989–2007. These ﬁndings mean that the relationship
between WNP TC number and the AO/NAO is unstable and sensitive to the period analyzed.
Although there exists continued debate on the relationship between the NAO and the AO, their patterns are
highly correlated (Itoh, 2008). Ambaum et al. (2001) proposed a three‐point seesaw system related to the AO,
including three centers of action, that is, the Arctic, Euro‐Atlantic, and Paciﬁc regions. They argued that the
AO is composed of the NAO and the Paciﬁc‐North American pattern (PNA), which is one of the most prominent atmospheric modes over the North Paciﬁc (Wallace & Gutzler, 1981). Accordingly, there could be a
potential relationship between WNP TC frequency and the PNA. Choi and Moon (2013) found a strong negative correlation between the frequency of TCs inﬂuencing Taiwan from June to October and the PNA pattern
during the preceding April, which primarily results from the anomalous cyclonic circulation around Taiwan
during negative PNA years. This relationship is further considered as an important factor in the formulation
of a seasonal prediction scheme for TC frequency near Taiwan (Choi et al., 2014). However, since there is a
considerable proportion of WNP TCs occurring outside of the Taiwan region, it is still unknown as to
whether the frequency of TCs over the entire WNP is linked to the PNA. Moreover, TCs exhibit different
temporal characteristics over different subbasins of the WNP, which is mainly a result of different large‐scale
environments (Camargo & Sobel, 2005; Chan, 1985). It is also unclear how the PNA modulates TC genesis in
other subbasins of the WNP excluding the Taiwan region.
Similar to the AO/NAO, the PNA pattern generally tends to be most pronounced during the boreal winter
(Wallace & Gutzler, 1981), which explains why Choi and Moon (2013) and Choi et al. (2014) related the frequency of boreal summer TCs around Taiwan to the PNA pattern in the preceding months. However,
L'Heureux et al. (2008) noted that the PNA has an atmospheric presence throughout the entire year, with
a wave train in the boreal summer that is shifted poleward of its boreal winter location. Although the impact
of the boreal summer PNA on other weather phenomena has been investigated in several publications
(L'Heureux et al., 2008; Weng et al., 2007; Wu et al., 2014), the impact of the boreal summer PNA on
WNP TC frequency has not been previously discussed. The PNA pattern in boreal summer is somewhat different from that in boreal winter, which mainly features above‐average heights to the west of Hawaii and in
the southeastern U.S. and below‐average heights over the southern Aleutian Islands and over eastern
Canada. The above‐average heights over the western North America that are apparent in a positive boreal
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winter PNA composite are hardly discernible during the boreal summer (Weng et al., 2007). This means that
the inﬂuence of the boreal summer PNA on WNP TC formation is possibly distinct from the effect of the boreal winter PNA.
It is the goal of this work to explore the interannual variability of the boreal summer TC frequency over the
entire WNP as inﬂuenced by the concurrent PNA pattern. The manuscript is arranged as follows. Section 2
describes the data and statistical veriﬁcation methods used in this study. Section 3 outlines a potential relationship between WNP TC formation and the PNA, followed by a discussion of the mechanism of the PNA's
inﬂuence on WNP TC genesis in section 4. A summary is given in section 5.

2. Data and Methodology
WNP TC best track data between 1965 and 2016 used in this study are from the International Best Track
Archive for Climate Stewardship (IBTrACS) v03r10 (Knapp et al., 2010). Only TCs simultaneously recorded
by four warning agencies over the WNP, that is, the Joint Typhoon Warning Center, the Japan
Meteorological Agency, the China Meteorological Administration, and the Hong Kong Observatory, are
considered here, in order to reduce the uncertainty among data sources and enhance the robustness of
the results (Song & Klotzbach, 2018). These TCs account for 87, 96, 78, and 89% of the total number of
TCs in Joint Typhoon Warning Center, Japan Meteorological Agency, China Meteorological
Administration, and Hong Kong Observatory best tracks, respectively. This method also minimizes possible
inﬂuences of the temporal evolution of observational technologies for weak TCs (e.g., tropical depressions),
since stronger TCs are more likely to be identiﬁed simultaneously by all four agencies. The TC genesis location refers to the ﬁrst record that is simultaneously listed by all four agencies, as suggested by Song and
Klotzbach (2018). The following results do not change signiﬁcantly if using the method of identifying the
TC formation by the initial position in a TC track. Over the period from 1965 to 2016, approximately 85%
of the annual total number of WNP TCs formed during June–November (JJASON). Thus, the present work
uses this 6‐month period.
Monthly mean SST data are obtained from the National Oceanic and Atmospheric Administration
(NOAA) Extended Reconstructed SST v5 over a 2° × 2° grid (Huang et al., 2017). Monthly mean atmospheric data are provided by the National Centers for Environmental Prediction/National Center for
Atmospheric Research reanalysis with a horizontal resolution of 2.5° × 2.5° (Kalnay et al., 1996), which
are then interpolated to a 2° × 2° grid for calculating the maximum potential intensity (MPI; Emanuel,
1988) and the genesis potential index (GPI; Emanuel & Nolan, 2004). The GPI, as shown by Emanuel
and Nolan (2004), is deﬁned as
 3 

3
H
MPI 3
GPI ¼ 105 η 2
ð1 þ 0:1VWSÞ−2 ;
(1)
50
70
where η is the absolute vorticity at 850 hPa (in s−1), H is the relative humidity at 600 hPa (in %), VWS is the
magnitude of the vertical wind shear between 850 and 200 hPa (in m/s), and the unit of MPI is m/s. Oceanic
and atmospheric ﬁelds are calculated as seasonal averages over JJASON. JJASON averages of Niño‐3.4 SST
and the PNA, NAO, and AO indices are provided by NOAA's Earth System Research Laboratory Physical
Sciences Division (https://www.esrl.noaa.gov/psd/data/climateindices/). Detailed descriptions of these
climate indices and the differences among the AO, NAO, and PNA are provided in the supporting
information. Additionally, interpolated Outgoing Longwave Radiation data in NOAA's Climate Diagnosis
Center are analyzed here from 1979 to 2016. This excludes missing or inconsistent data before 1979
(Liebmann & Smith, 1996).
The signiﬁcance levels (p) of the correlation coefﬁcient, the partial correlation coefﬁcient, and the differences in the averages of the two time series are all estimated by Student's t test.

3. Statistical Relationships Between WNP TC Frequency and the PNA
Figure 1a shows an inverse relationship between WNP TC frequency and the PNA during 1965–2016, with a
signiﬁcant correlation coefﬁcient of −0.51 (p < 0.001). This means that not only around Taiwan (Choi &
Moon, 2013) but also over the entire WNP that TC formation occurs more frequently in negative PNA
SONG AND KLOTZBACH
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phases than in positive PNA phases, on average. This inverse relationship
is also found between the PNA index and the numbers of TCs with lifetime maximum intensities of tropical storm and typhoon strength, respectively. The correlation coefﬁcients between the PNA index and the
numbers of tropical storms (<64 kt) and typhoons (≥64 kt) are −0.28
(p < 0.05) and −0.40 (p < 0.01), respectively. By contrast, the correlation
coefﬁcients of the WNP total TC number versus the NAO and AO indices
are 0.36 (p < 0.01) and 0.30 (p < 0.05) from 1965 to 2016, respectively,
which indicates a relatively weaker relationship between these two climate indices than the PNA. Moreover, the partial correlation coefﬁcients
between WNP TC frequency and the PNA index are −0.45 (p < 0.001) and
−0.49 (p < 0.001) when the inﬂuences of the NAO and the AO are
removed, respectively. There is not a signiﬁcant relationship between
WNP TC number and the NAO and AO indices after excluding the PNA
effect, with partial correlation coefﬁcients of 0.23 (p = 0.12) and 0.12
(p = 0.39), respectively. Additionally, the relationship between WNP TC
frequency and the PNA index is still signiﬁcant if the effects of the winter
AO and NAO are excluded. Statistically speaking, the variation of WNP
TC frequency is independent of the NAO and AO, when the PNA inﬂuence is removed.
Figure 1. (a) Time series of WNP TC number and the PNA index over the
period from 1965 to 2016. (b) Thirty‐year moving correlation coefﬁcients
between WNP TC number and the PNA (black line), the NAO (red line), and
the AO (blue line) from 1965 to 2016.

There is an obvious decadal change in the linkage between WNP TC number and the AO/NAO (Figure 1b). As was found in Zhou and Cui (2014),
the weak relationship between the WNP TC frequency and the NAO
changes to a strong connection around 1980. There is also an increasing
linkage between WNP TC frequency and the AO, with the 30‐year correlation coefﬁcient changing from
insigniﬁcant to signiﬁcant in the mid‐1970s. Note that this result differs from that found in Cao et al.
(2015), which may be due to their use of a March–May‐averaged AO. By contrast, there is a stable relationship between WNP TC frequency and the PNA from 1965 to 2016, with 30‐year correlation coefﬁcients all
signiﬁcant at the 0.05 level (Figure 1b). The stability in the PNA/WNP TC relationship explains why the linkage of the PNA to WNP TC number is much stronger than that of the AO/NAO. In the Northern Hemisphere
winter, the AO exhibits more covariability with the North Paciﬁc after 1970 (Overland et al., 1999), while the
PNA‐NAO coupling shifts from weak to strong in the mid‐1970s (Honda et al., 2001). Consequently, it is
possible that the connection among the PNA, the NAO, and the AO became stronger in the boreal summer
since the 1970s. The aforementioned results indicate that the inﬂuence of the AO/NAO on WNP TC
frequency mainly derives from their effect linked to the PNA.

Table 1
List of High‐PNA and Low‐PNA Years During June–November 1965–2016,
As Well As the Corresponding TC Frequencies Over the WNP
High PNA

Low PNA

Year

TC number

Year

TC number

1968
1969
1977
1979
1983
1992
2005
2008
2014
2016
Mean

24
15
17
17
20
24
19
15
15
23
18.9

1966
1978
1981
1986
1989
1990
1993
1996
2012
2013
Mean

28
26
23
19
26
23
22
20
22
26
23.5

SONG AND KLOTZBACH

Furthermore, in order to compare the spatial difference in the TC formation between different PNA phases, the highest 10 PNA (high‐PNA) years
and the lowest 10 PNA (low‐PNA) years from 1965 to 2016 are ﬁrst selected
based on the JJASON‐averaged value of the PNA, after excluding ENSO
years (Table 1). El Niño (La Niña) years are deﬁned as the JJASON
averages of Niño‐3.4 SST anomalies greater (less) than +0.5 °C (−0.5 °C),
as has been done in previous studies (Choi & Byun, 2010; Choi & Moon,
2012). The WNP averages 4.6 more TCs in the 10 low‐PNA years than in
the 10 high‐PNA years. This difference is signiﬁcant at the 0.01 level.
Figure 2a further displays the spatial difference in the TC formation location between the two PNA phases. There are more (fewer) TCs forming
northward (southward) in the WNP in low‐PNA years than in high‐PNA
years, with a separation in the relationship occurring around 12.5°N. The
greatest differences occur over the northern part of the South China Sea)
and the WNP east of the Philippines (15–20°N, 110–150°E) where a majority of WNP TCs form (Choi & Byun, 2010). There are also three centers
with signiﬁcant TC genesis differences at around 110–115°E, 130–135°E,
and 145–150°E. Surrounding these centers, the TC formation difference
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Figure 2. (a) Difference in TC genesis location over the WNP between high‐PNA years and low‐PNA years in each 5° × 5°
latitude‐longitude grid area. Shaded regions indicate that the differences are signiﬁcant at the 0.05 level. (b–f) Differences
in the environmental variables between high‐PNA years and low‐PNA years in each 2° × 2° latitude‐longitude grid area for
(b) GPI, (c) MPI (m/s), (d) 600‐hPa relative humidity (%), (e) 850–200‐hPa vertical wind shear (m/s), and (f) 850‐hPa
−1
relative vorticity (s ). The resolution is 2° × 2° latitude‐longitude in (b, c) and 2.5° × 2.5° latitude‐longitude in (d, f).
Shaded regions indicate that the differences are signiﬁcant at the 0.05 level.

is not signiﬁcant between high‐PNA years and low‐PNA years. The aforementioned differences still exist
when ENSO years are not excluded (Table S1 and Figure S1 in the supporting information).

4. Possible Mechanisms
The GPI (Emanuel & Nolan, 2004), which is a combination of several important environmental variables
related to TC development, is applied here to compare the inﬂuences of thermodynamic and dynamic factors
on TC genesis in different PNA phases. Figure 2b displays the GPI difference between the two PNA phases
during JJASON. The spatial distribution agrees well qualitatively with the difference pattern in TC genesis
(Figure 2a), implying that the difference in the spatial distribution of WNP TC formation primarily results
from different large‐scale environments in high‐PNA and low‐PNA years. The most obvious feature is larger
(smaller) GPIs in low‐PNA years occurring to the north (south) of 12.5°N than in high‐PNA years. There are
also three signiﬁcant centers of the GPI difference located between 15 and 20°N. Compared with Figure 2a,
the position of the one center at ~150°E remains consistent, whereas there is a westward migration of the
other two center locations. Two regions, A (12.5–17.5°N and 110–140°E) and B (12.5–17.5°N and 140–
160°E), are marked in Figure 2 and in the following ﬁgures for convenience.
To further examine large‐scale environmental conditions responsible for the WNP TC formation modulated
by the PNA, the differences in the four variables constituting the GPI are now displayed (Figures 2c–2f). Note
that the differences are not signiﬁcantly changed if the long‐term linear trends in these environmental factors
are removed. During low‐PNA years, lower MPIs occur over almost the entire tropical and subtropical WNP,
suppressing TC formation (Figure 2c). The feature of negative MPI differences oriented from southwest to
northeast is primarily linked to a similar pattern of negative SST anomalies in low‐PNA years (Li et al.,
SONG AND KLOTZBACH
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Figure 3. Regressions of horizontal wind (m/s) and geopotential height (gpm) at (a) 850 hPa and (b) 200 hPa, respectively,
onto the inverse PNA index in June–November (JJASON) from 1965 to 2016. Shaded regions indicate that the regressions
are signiﬁcant at the 0.05 level.

2018). The midlevel atmosphere in Regions A and B is generally moister during low‐PNA years than during
high‐PNA years, thereby providing more conducive conditions for TC genesis (Figure 2d). Although there are
differences in the MPI and 600‐hPa relative humidity ﬁelds during different PNA phases, these differences are
not statistically signiﬁcant. Consequently, there appears to be only a weak inﬂuence of the PNA on WNP TC
formation via thermodynamic effects. In addition, there is also an insigniﬁcant inﬂuence of the PNA on WNP
TC genesis via oceanic factors, such as SST and 0–700‐m ocean heat content (ﬁgure not shown).
The differences in dynamic ﬁelds are more signiﬁcant between different PNA phases (Figures 2e and 2f).
More favorable conditions for TC formation are found in most of Region A in low‐PNA years, with signiﬁcantly weaker vertical wind shear and stronger low‐level relative vorticity. Region B is only characterized by
signiﬁcantly greater low‐level relative vorticity during low‐PNA years, whereas the difference in vertical
wind shear is small and insigniﬁcant between the two PNA phases. In comparison, fewer TC occurrences
and the lower GPIs south of 12.5°N (Figures 2a and 2b) are primarily driven by the increased vertical wind
shear and reduced low‐level relative vorticity (Figures 2e and 2f). To summarize, WNP TC formation is primarily modulated by differences in dynamic conditions between positive and negative PNA years, which is
consistent with previous publications indicating the greater importance of dynamic conditions compared
with thermodynamic conditions on WNP TC genesis (Chan, 2000; Sharmila & Walsh, 2017).
To further investigate the differences in the large‐scale ﬂow pattern during different PNA years, we next
regress geopotential height and wind ﬁelds at 850 and 200 hPa onto the inverse PNA index (Figure 3). In
low‐PNA years, there are two anomalous cyclonic lows over the tropical WNP, located near the
Philippines and over the subtropical central Paciﬁc, respectively (Figure 3a). Note that this pattern is consistent with the large‐scale environmental schematic in the negative PNA phase proposed by Choi and Moon
SONG AND KLOTZBACH
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Figure 4. Regressions of (a) sea level pressure (hPa), (b) 500‐hPa horizontal wind (m/s) onto the inverse JJASON PNA
2
index from 1965 to 2016, and regressions of (c) outgoing longwave radiation (W/m ) onto the inverse JJASON PNA
index in 1979–2016. Shaded regions in (a) and (c) indicate that the regressions are signiﬁcant at the 0.05 level.

(2013). Although greater relative vorticity is found in Regions A and B during low‐PNA years (Figure 2f),
these contributions are not caused by the same processes. The positive relative vorticity anomalies in
Region A are linked to the anomalous cyclone near the Philippines, while the positive vorticity anomalies
in Region B are associated with the sheared ﬂow in the southwestern part of the low over the central
Paciﬁc. On average, there are prevailing southeasterlies at 850 hPa and northeasterlies at 200 hPa over both
Regions A and B (Figure S2 in Supporting Information). To the north of the Philippines, the easterlies at 850
hPa and the southwesterlies at 200 hPa (Figure 3) result in enhanced low‐level winds and reduced upper
level winds, which combined lead to weaker vertical wind shear in Region A during low‐PNA years. In contrast, there are, on average, westerlies at both 850 and 200 hPa in Region B, which leads to insigniﬁcant
changes in vertical wind shear between the two PNA phases.
Figure 4 further investigates how the boreal summer PNA modulates TC formation over the WNP. The negative phase of a boreal summer PNA features below‐average sea level pressures to the west of Hawaii and
SONG AND KLOTZBACH
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above‐average sea level pressures over the Aleutian Islands and over eastern North America (Figure 4a). At
low latitudes, although the anomalous low is centered near the dateline, it does extend westward toward the
South China Sea. This anomalous surface cyclone is correlated with cyclonic circulation at low level and
midlevel (Figures 3b and 4b), which provides positive vorticity anomalies favorable for tropical convection.
There are broad regions of enhanced convection over the tropical WNP, with two signiﬁcant low centers in
Regions A and B (Figure 4c). These anomalously favorable dynamic conditions provide a conducive environment for TC formation over the WNP during low‐PNA years.

5. Summary
The inﬂuence of the PNA on the formation of TCs over the WNP is investigated in this study. We ﬁnd a signiﬁcant inverse relationship between WNP TC number during JJASON and the concurrent PNA phase during the period from 1965 to 2016. The relationship between WNP TC number and the PNA is relatively stable
during the ~50‐year period examined, which can be considered as the source of the statistical relationship
between WNP TC frequency and the AO/NAO that has been documented in previous publications (Choi
& Byun, 2010; Choi & Cha, 2017). To examine the reasons for this relationship, the difference of average
TC frequency and large‐scale conditions between the 10 highest PNA years and 10 lowest PNA years is
further analyzed, excluding El Niño and La Niña years. We ﬁnd that more (fewer) TCs occur to the north
(south) of 12.5°N in low‐PNA years than in high‐PNA years, which is well captured by the increased
(decreased) GPI. The signiﬁcant increase in TC numbers during low‐PNA years primarily occurs in two
regions: A (12.5–17.5°N, 110–140°E) and B (12.5–17.5°N, 140–160°E).
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We document only small differences in MPI and midlevel relative humidity between different PNA phases
and consequently ﬁnd that the PNA inﬂuences the genesis of WNP TCs primarily by modulating large‐scale
dynamical conditions. During low‐PNA years, there is an anomalous cyclonic low in the center of Region A,
which directly enhances low‐level relative vorticity. Meanwhile, low‐level easterlies and upper level southwesterlies reduce the vertical wind shear to the north of the low center. Increased low‐level relative vorticity
and decreased wind shear are both favorable for TC development. In contrast, greater relative vorticity in
Region B during low‐PNA years is a result of the sheared ﬂow of an anomalous cyclonic low over the subtropical central Paciﬁc. The difference in vertical wind shear in Region B is not signiﬁcant.
Based on the aforementioned results, we propose that the PNA pattern is a primary contributor to the frequency of WNP TCs. The PNA index, combined with other climate indices, may therefore be applied to
develop statistical or statistical‐dynamical models for the prediction of WNP TC frequency.
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