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a  b  s  t  r  a  c  t

This  study  analyzes  the  characteristics  of Western  North  Pacific
(WNP)  tropical  cyclone  (TC)  activity  and  large-scale  environments
according  to the  Western  Pacific  (WP)  teleconnection  pattern  in
summer.  In  the  positive  WP  phase,  an anomalous  cyclone  and  an
anomalous  anticyclone  develop  in  the low  and  middle  latitudes
of  the  East  Asia  area,  respectively.  As  a result,  southeasterlies  are
reinforced  in  the  northeast  area  of  East  Asia (including  Korea  and
Japan),  which  facilitates  the  movement  of TC to this  area,  whereas
northwesterlies  are  reinforced  in  the  southwest  area  of  East  Asia
(including  southern  China  and  the  Indochina  Peninsula)  which
blocks  the  movement  of  TC  to that area.  Due  to the spatial  distri-
bution  of  this  reinforced  pressure  system,  TCs  that  develop  during
the  positive  WP  phase  move  and  turn  more  to the  northeast  of the
WNP  than  TCs  which  develop  during  the  negative  WP  phase.

The characteristics  of  this  TC  activity  during  the  positive  WP
phase are  associated  with  the upper  tropospheric  jet being  located
farther  to  the  northeast.  TCs  during  the  negative  WP  phase  mainly
move  to  the west  from  the  Philippines  toward  southern  China  and
the  Indochina  Peninsula.  Due  to  the  terrain  effect  caused  by the
passage  of  TCs  in mainland  China,  the  intensity  of  TCs  during  the
negative  WP  phase  is  weaker  than  those  during  the  positive  WP
phase.
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1. Introduction

East Asia suffers huge losses of both life and property every year due to tropical cyclones (TC),
also known as typhoons, in the western North Pacific. Accurate seasonal predictions of TC activity
could contribute to reducing the damages. Previous researchers have expended substantial effort to
find climate factors that are related to the TC activities in the Western North Pacific (WNP). The most
well-known climate factors in the WNP  are the El Niño-southern oscillation (ENSO) (Chan, 1985; Chan,
1995; Lander, 1994; Saunders et al., 2000; Wang and Chan, 2002; Camargo and Sobel, 2005; Ho et al.,
2009).

Chen et al. (2006) categorized TCs into several groups by the TC’s intensity and analyzed charac-
teristics of the TC activity for each group according to the ENSO phase. They found no differences in
the TC frequency among the groups, but clear differences in the TC genesis, movement, and recurva-
ture location depending on the ENSO. Camargo and Sobel (2005) also showed that during ENSO warm
episodes, TCs mainly occur in the southeastern area of the subtropical WNP  and tended to have a
longer lifetime.

In addition to effects of ENSO, Arctic Oscillation (AO), one of the most distinct annular modes during
winter in the Northern Hemisphere, is known to have a connection with TC activity in the WNP  (Choi
and Byun, 2010; Larson et al., 2005; Xie et al., 2005). In particular, Choi and Byun (2010) analyzed the
changes in TC activity in the WNP  according to the AO phase from July to September (JAS).

On the other hand, Ho et al. (2005) attempted to correlate the TC activity in the WNP  with the large-
scale atmospheric circulation in the Southern Hemisphere. They showed that even though overall
the frequency TC passage increases in the mid-latitudes of East Asia during the positive Antarctic
Oscillation (AAO) phase, it decreases around the South China Sea due to anomalous anticyclones that
develop in the mid-latitudes of East Asia. Wang and Fan (2007) found a negative correlation between
AAO and TC genesis frequency in the subtropical WNP  from June to September (JJAS).

The Pacific-Japan teleconnection pattern (PJ pattern) also has a strong connection with summer-
time climate in East Asia. The PJ pattern influences the East Asian summer monsoon in the form of
a short wave train emanating in this region which depends on changes in the SST at a warm pool
region near the Philippines. Chen et al. (1998) and Wang and Chan (2002) applied the PJ pattern
theory to TC activity and showed that the extension of the short wave train to the monsoon trough
northeast of Southeast Asia or its retreat to the northeast have a very close relationship with the
location of TC genesis. In the most recent study, Choi et al. (2010) analyzed WNP  TC activity according
to the PJ pattern. They showed that during the positive PJ phase, anomalous cyclones and anomalous
anticyclones develop in the low and middle latitudes of East Asia, respectively. Thus the southerlies
reinforced in the mid-latitudes act as a steering flow that facilitates the movement of TCs in this area.

The Western Pacific (WP) teleconnection pattern can be identified from the anomaly field of geopo-
tential height existing throughout the year. The WP  is characterized during summer and spring by a
spatial-anomaly distribution as a north-south dipole having a northern core in the Kamchatka Penin-
sula and a southern core in southeastern Asia (Barnston and Livezey, 1987; Wallace and Gutzler, 1981)
(see Fig. 1a). The strong positive and negative WP  patterns are related to the east-west and north-south
movements of the East Asian jet stream. In other words, the change from cold to warm season results
from the northward movement of the East Asian jet stream and thus affects aspects of the East Asian
climate such as precipitation, temperature, and so on.

For example, the positive phase of the WP  pattern is associated with above-average temperatures
over the lower latitudes of the western North Pacific in both winter and spring, while the negative
phase is connected with below-average temperatures over eastern Siberia in all seasons (Fig. 1b). The
positive and negative phases are also associated with above-average precipitation in all seasons over
the high latitudes of the North Pacific and below-average precipitation across the central North Pacific
especially during the winter and spring, respectively (Fig. 1c).

Although there have been many studies of the connection between the WP  pattern and the East
Asian climate, the possible influence of the WP  pattern on the WNP  TC activity has never been dis-
cussed. Therefore, this study aims to analyze the changes in the WNP  TC activity in relation to the WP
teleconnection pattern and to investigate the characteristics of large-scale environments associated
with these changes.
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Fig. 1. (a) The WP patterns and their correlation maps with (b) surface temperature and (c) precipitation departures in January,
April, July, and October. Adopted from NOAA Climate Prediction Center, http://www.cpc.ncep.noaa.gov/data/teledoc/wp.shtml.

Section 2 introduces the data and the methods of analysis. Section 3 analyzes the changes in
WNP  TC activity according to the WP  teleconnection pattern and the characteristics of large-scale
environments. Finally, Section 4 sums up the findings from this study.

2. Data and methods

2.1. Data

TC information was obtained from the best-track data maintained by the Tokyo Typhoon Center
at the Regional Specialized Meteorological Center (RSMC). The dataset consists of central positions,
central surface pressures, and maximum sustained wind speeds (10-min averaged maximum winds
to the nearest 5 kts) of each TC at 6-h intervals over a period of 45 years (1965–2009). This study also
analyzes data on extratropical cyclones (ETs) which were included in the dataset, since the ETs cause
property damage and a loss of lives at mid-latitudes of East Asia.

Large scale atmospheric environments are analyzed using re-analysis data from the National Cen-
ters for Environmental Prediction–National Center for Atmospheric Research (NCEP–NCAR) (Kalnay
et al., 1996; Kistler et al., 2001), for the period of 1948–2009. The data include geopotential height
(gpm), horizontal wind (m s−1), air temperature (◦C) and vertical velocity (hPa s−1) with a spatial and
vertical resolution of 2.5◦ × 2.5◦ and 17 layers.

The TC best-track data are available since 1951, but those in the 1950s and 1960s (prior to detecting
TCs using satellites) are believed to be unreliable (Ho et al., 2005). One could also question the reliability
of early NCEP–NCAR reanalysis data, before the introduction of an observing system using upper-air

http://www.cpc.ncep.noaa.gov/data/teledoc/wp.shtml
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networks and satellites (Kistler et al., 2001). To avoid the possible data-reliability issues, this study
uses only data gathered since 1965, when weather satellites became available

Interpolated Outgoing Longwave Radiation (OLR) data from 1974 to present, which are retrieved by
the National Oceanic and Atmospheric Administration (NOAA) from its satellite series, were obtained
from NOAA’s Climate Diagnosis Center (CDC). Details on the OLR data can be found at the CDC website
(http://www.cdc.noaa.gov) and Liebmann and Smith (1996).

Extended reconstructured monthly SST data that are constructed using the International Com-
prehensive Ocean-Atmosphere Data Set (ICOADS) SST data was  used to analyze large-scale oceanic
environments. The data have a spatial resolution of 2.0◦ × 2.0◦ and are available from 1854 to present.

2.2. Methods

This study defines the summer TC season as July, August and September (JAS) each year. About 60%
of TCs in the subtropical WNP  occur during JAS, and the East Asian region, which includes Korea, Japan
and China, suffers the most damage from TCs during these three months (Chia and Ropelewski, 2002).

SST anomalies (SSTA) define El Niño years (SSTA ≥ 0.5 ◦C) and La Niña years (SSTA ≤ −0.5 ◦C) in
the Niño-3.4 region (5◦S–5◦N, 120–170◦W).  The SSTA is estimated using the average over 45 years
(1965–2009).

TC passage frequency is estimated for a 5◦ × 5◦ grid box in which the frequency per TC is only
counted once within the box (Ho et al., 2005). TC genesis frequency is calculated in the same way.

The TC lifetime is defined as the period from the occurrence to the disappearance of a TC in an
RSMC best-track dataset with 6-h intervals. The TC minimum central pressure is defined as the lowest
central pressure recorded for the TC lifetime in the same data.

The VWS  to diagnose the large-scale condition related to the TC activity is calculated as follows:

VWS  =
√

(u200 − u850)2 + (v200 − v850)2 (1)

where u200 and v200 (u850 and v850) indicate zonal and meridional flows at 200 hPa (850 hPa) level.
The significance test in this study is conducted using Student’s t test (Wilks, 1995). The WP  telecon-

nection index (WPI) is calculated using the 500-hPa geopotential height anomaly between one point
in the Kamchatka Peninsula and another point in the southeastern Asia as follow:

WPI  = 1
2

[z(60◦N, 155◦E) − z(30◦N, 155◦E)] (2)

where z represents geopotential height. In the present study, the monthly WPI  index
(1965–2009) is derived from data provided by NOAA Climate Prediction Center (CPC,
http://www.cpc.ncep.noaa.gov/data/teledoc/wp.shtml), in which the Rotated Principal Component
Analysis (RPCA) technique is applied to monthly mean standardized 500-hPa height anomalies
obtained from Climate Data Assimilation System (CDS) in the analysis region 20–90◦N. The calcu-
lation procedure is as follows. For each of the twelve calendar months, the ten leading unrotated
Empirical Orthogonal Functions (EOFs) are first determined from the standardized monthly height
anomaly fields in the three-month period centered on that month. A Varimax rotation is then applied
to these ten leading un-rotated modes, yielding the ten leading rotated modes and their time series for
that calendar month. Therefore, these ten leading rotated modes for each calendar month are based on
153 (51 × 3) monthly standardized anomaly maps. In the Varimax rotation technique, the indices for
the ten leading rotated modes are calculated simultaneously for each month in the record using a least
squares solution. These indices are the solution to the least squares system of equations, and reflect the
combination of modes which explains the most spatial variance of the observed standardized height
anomaly field in that month.

3. Changes in TC activity according to the WP  teleconnection pattern

The time series of the WPI  in summer for 45 years shows a clear interannual and interdecadal
variation and tends to decrease (Fig. 2). To examine the change in the WNP  TC activity in relation
to the WP  teleconnection pattern, eight of the most active WP  years (hereafter, positive WP  phase)

http://www.cdc.noaa.gov/
http://www.cpc.ncep.noaa.gov/data/teledoc/wp.shtml
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Fig. 2. Time series of the Western Pacific (WP) teleconnection index for the summer (July–September) period 1965–2009.
Thick  solid line denotes the trend of the time series. Red and blue circles denote positive and negative WP  years in Table 1,
respectively. Abbreviations ‘E’ and ‘L’ represent ‘El Niño’ and ‘La Niña’ years, respectively. (For interpretation of the references
to  color in this figure legend, the reader is referred to the web  version of this article.)

and eight of the least active WP  years (hereafter, negative WP  phase) were selected from among the
last 45 years (Table 1). These test years were selected from the 24 years remaining after excluding 12
summer El Niño years (1965, 1972, 1982, 1986 and 1987, 1991, 1994, 1997, 2002, 2004, 2006, 2009)
and 9 summer La Niña years (1970 and 1971, 1973–1975, 1985, 1988, 1998 and 1999). None of the
summer El Niño and La Niña years were selected in order to exclude the effect of ENSO, even though
there is a low correlation (r = −0.09) between the WPI  and the summer Niño-3.4 index.

The following sections of this study analyze the differences in the WNP  TC activity between the
two WP  phases and the large-scale environmental factors that cause such differences.

3.1. Frequency of TC genesis

The 45-year mean annual frequency of TC genesis in summer (JAS) is 14. In the positive WP  phase,
all years except 1976, 1977, and 1979 (5 of 8 years, or 62.5%) exceed the 45-year mean value, but
during the negative WP  phase, only the years 1981, 1996, and 2005 (3 of 8 years, or 37.5%) exceed it
(Table 1). Furthermore, the mean TC genesis frequency during the positive WP  phase is 3 larger than
that during the negative WP  phase, although this difference between the two phases is not statistically
significant.

For total TC genesis, the frequency during the positive WP  phase is 24 higher than that during
the negative WP  phase, which is significant at the 99% confidence level (Table 1). This result clearly
indicates that TCs occur more frequently in summer during the positive WP  phase than during the
negative WP  phase.

The study also analyzed the differences in TC genesis frequency between the two  WP  phases for
each 5◦ × 5◦ latitude–longitude grid box (Fig. 3a). On the whole, the TCs during the positive WP  phase

Table 1
TC genesis frequency for the positive WP phase and negative WP  phase selected from neural ENSO years during summer (July,
August, and September) for the period 1965–2009.

Positive WP phase Negative WP phase

1966 24 1969 10
1976 13 1980 12
1977 11 1981 16
1978 17 1983 10
1979 11 1996 17
1989 18 2003 10
1990 15 2005 15
2001 16 2008 11

Sum 125 Sum 101

Average 16 Average 13
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(a) TC genesis frequency

(b) TC pass age frequency
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Fig. 3. Differences in (a) the TC genesis frequency and (b) the TC passage frequency between positive WP  phase and negative
WP  phase during summer in each 5◦ × 5◦ latitude–longitude grid box. Squares inside circles indicate that the differences are
significant at the 95% confidence level. In (b), solid and dashed lines denote 5860 gpm contours in positive and negative WP
phases, respectively.

tend to occur in areas of the subtropical WNP  farther northeast than those that occur during the
negative WP  phase. This can be seen by comparing the average TC genesis locations for the two  WP
phases (+ and × symbols in Fig. 3a). The differences of latitude and longitude in the TC genesis location
for the two WP  phases are significant at the 95% and 90% confidence levels, respectively.

3.2. Frequency of TC passage

This study also analyzes the differences in the frequency of the TC’s passage between the positive
and negative WP  phases for each 5◦ × 5◦ latitude–longitude grid box (Fig. 3b). Similarly to the frequency
of TC genesis, TCs during the positive WP  phase show a tendency to move farther to the northeast
in the WNP. More specifically, TCs during the positive WP  phase tend to move from the sea far to
the east of The Philippines to Korea and Japan through the East China Sea, whereas TCs during the
negative WP  phase tend to move from the sea east of The Philippines through the South China Sea to
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Fig. 4. Time series of TC passage frequency for summer (July–September) in the northeast area (25–45◦N and 120–145◦E) and
the  southwest area (10–30◦N and 95–120◦E) of East Asia in positive and negative WP  phases. Dashed lines indicate the mean
TC  passage frequency over each region for the two WP  phases.

southern China or the Indochina Peninsula. Thus, the spatial distribution on the difference in the TC
passage frequency between the two WP  phases shows a dipole spatial pattern between the northeast
and southwest areas of East Asia.

For further investigation, the TC passage frequency in each WP  phase was analyzed for two regions
of East Asia: the northeast area (25–45◦N and 120–145◦E) and the southwest area (10–30◦N and
95–120◦E) (Fig. 4). The 45-years’-summer-average TC passage frequency in the northeast area, includ-
ing Korea and China, is 7.3 TCs. Over the northeast region, 8.6 TCs per year passed during the positive
WP phase while 5.3 TCs passed during the negative WP  phase. The difference of 3.3 TCs on average
between the two WP  phases is significant at the 99% confidence level. Notably, there is no year during
the positive WP  phase with a TC frequency less than 5.

For the southwest area, the results are opposite of those for the northeast area. Over the southwest
region, including the Indochina Peninsula and southern China, 4.3 TCs per year passed during the
positive WP  phase while 6.9 TCs passed during the negative WP  phase. Thus, 2.6 more TCs affect this
area on average during the negative WP  phase than during the positive WP  phase. Here, the difference
of 2.6 TCs on average between the two WP  phases is significant at the 99% confidence level. As during
the positive WP  phase, there is no year during the negative WP  phase with a TC frequency less than 5.

3.3. TC recurvature

The characteristics of TC recurvature for the two WP  phases are investigated in this section (Fig. 5).
TCs which did not recurve during the TC lifetime were excluded from the analysis. Consequently, 62
TCs and 55 TCs were selected during the positive and negative WP  phases, respectively.

Similarly to the results of the TC genesis and TC passage analyzes above, TCs during the positive WP
phase generally recurve further in the northeast area of the WNP. TCs during the negative WP  phase
recurve more south of 30◦N and west of 125◦E while those during the positive WP  phase recurve more
north of 30◦N and east of 145◦E (Fig. 4). This pattern is also seen from the difference of the mean TC
recurvature location. The difference in the mean TC recurvature location between the two WP  phases
is significant at the 99% confidence level for both latitude and longitude. This is related to the feature
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Positive  : 31 .2, 137.7

Negative : 27 .9, 133.5

Fig. 5. TC recurvature location in positive WP phase (red dots) and negative WP  phase (blue dots) during summer
(July–September). Big dots are the mean recurvature locations for the two phases. Numbers denote mean recurvature locations
for  the positive WP  phase and negative WP  phase, respectively. (For interpretation of the references to color in this figure
legend, the reader is referred to the web  version of this article.)

that TCs during the positive WP  phase occur and move farther to the northeast than TCs during the
negative WP  phase.

3.4. TC intensity

To understand whether the characteristics of TC genesis, TC movement and TC recurvature affect
TC intensity, TC intensities in the two WP  phases were explored (Fig. 6). The TC intensity is determined
using data for both the TC lifetime (duration) and the lowest central pressure during the TC lifetime,
based on the RSMC-Tokyo best-track data in 6-h intervals.

The analysis revealed that TCs during the positive WP  phase have longer lifetimes and lower mini-
mum  central pressure than TCs during the negative WP  phase. This indicates that TCs that occur in the
positive WP  phase are more intense than those that occur during the negative WP  phase. The differ-
ence in mean TC intensity during JAS between the two  WP phases is significant at the 95% confidence
level.

The difference in the TC tracks between the two  WP  phases explains why TCs that occur during the
positive WP  phase are stronger than those that occur during the negative phase. TCs that occur during
the negative WP  phase and move a short distance from the sea east of the Philippines before making
landfall over southern China and the Indochina Peninsula experience a terrain effect that causes them
to weaken rapidly or die immediately. TCs that occur during a positive WP  phase move mainly over
the sea, where they obtain enough energy from the ocean to intensify.

3.5. Large-scale environments

This section analyzes the large-scale environments to examine what causes the differences in TC
activity between the two WP  phases. An anomalous pressure pattern, i.e., a southern low and a north-
ern high along the 30◦N latitude line, appears as a difference in the 500 hPa streamline between the
two WP  phases (Fig. 7a). These spatial patterns of anomalous pressure systems are similar to the WP
teleconnection patterns defined by Wallace and Gutzler (1981) and Barnston and Livezey (1987).

Due to these pressure patterns, anomalous southeasterlies are strengthened in the mid-latitude
areas of East Asia, including the East China Sea, Korea and Japan. In particular, the anomalous flows
during the positive WP  phase can steer air flow that moves TCs to mid-latitude regions of East Asia.
Thus, in the positive WP  phase, the main TC track moves from the sea far to the east of The Philippines
to Korea and Japan via the East China Sea.
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On the other hand, anomalous northerlies or anomalous northwesterlies are strengthened in the
South China Sea, the Indochina Peninsula, and southern China. This indicates that during the negative
WP phase, anomalous southerlies or anomalous southeasterlies are strengthened in these regions. As
a result, the main TC track moves from the sea east of the Philippines to the Indochina Peninsula and
southern China via the South China Sea.

In Fig. 7a, the anomalous anticyclone that strengthens to the north of 30◦N during the posi-
tive WP  phase indicates that the WNP  high (WNPH) during the positive WP  phase develops more
to the north than the WNPH during the negative WP  phase. This is seen from 5860-gpm con-
tours in Fig. 3(b) which are defined as the western edge of the WNPH. While the WNPH (solid
line) during the positive WP  phase is located farther to the northeast, the WNPH during the neg-
ative WP  phase (dashed line) expands farther to the southwest. This spatial distribution of the
WNPH in each WP  phase generally coincides with the main TC track in the corresponding WP
phase.

In general, the upper tropospheric jet stream strengthens the convergence and upward flow in the
lower level to facilitate rainfall, and is used as a basis for judging the development of WNPH toward
the north (Liang and Wang, 1998; Lau and Nath, 2000). Furthermore, the variations of rainfall and
air temperature in East Asia responding to the WP  teleconnection pattern are associated with the
meridional shift of the East Asian jet steam.

Therefore, it is necessary to explore the connection between the upper tropospheric (200 hPa) jet
and TC activity for the two WP  phases (Fig. 7b). The jet is defined as a zone with a zonal wind speed
of 25 m s−1 or higher. The figure reveals that the jet streak (thick solid line) during the positive WP
phase is located more to the northeast than that during the negative WP  phase.

This feature can be confirmed by the difference in the 200 hPa zonal wind speed between the two
WP phases (Fig. 7b). There are negative values in 30–45◦N and the center of positive values is located
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(a) 500 hPa streamline

(b) 200 hPa zonal wind

AC

AA

Fig. 7. Differences in (a) 500 hPa streamline and (b) 200 hPa zonal wind between the positive WP  phase and the negative WP
phase. Shaded areas are significant at the 95% confidence level. In (b), thick solid and thick dashed lines indicate that zonal
wind is area greater than 25 ms−1 in positive and negative WP phases, respectively. Abbreviations of ‘AC’ and ‘AA’ represent
‘anomalous cyclone’ and ‘anomalous anticyclone’.

to the northeast, around the Sea of Okhotsk. This indicates that in the positive WP  phase, the jet is
located more to the northeast, and in the negative phase, more to the southwest.

Generally, the jet streak coincides with the northern edge of the WNPH (Lau and Nath, 2000). As
a result, a WNPH during the positive WP  phase is located more to the northeast than that during the
negative WP  phase, as indicated above.

Because the TC recurvature is directly associated with the upper tropospheric jet, the TCs during
the positive WP  phase (where the jet streak is located farther to the northeast) tend to recurve farther
into the northeast area. Moreover, since TCs rapidly weaken due to increasing VWS  when they are
under the influence of the upper tropospheric jet, the lifetime of TCs during the positive WP  phase can
be longer when the upper tropospheric jet is located further to the north. Consequently, differences
in TC activity between the two WP  phases are associated with the differences in the meridional and
zonal shift of the jet streak.
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(a) Vertica l flow

(b) Relati ve hu midity

Fig. 8. Composite difference in latitude-pressure cross-section of (a) vertical velocity (contour) with meridional circulation
(vector) and (b) relative humidity average along 110–180◦E between the positive WP phase and the negative WP  phase during
summer (July–September). The values of vertical velocity are multiplied by −100. Shaded areas and thick arrows are significant
at  the 95% and 90% confidence levels, respectively. The contour interval is 0.2−2 hPa s−1 for vertical velocity and 0.5% for relative
humidity.

As discussed above, more TCs tend to occur during the positive WP  phase than during the negative
WP phase because anomalous cyclones strengthen in the subtropical WNP  during the positive WP
phase. The characteristics are also seen in the differences in the meridional circulation averaged over
the area 110–180◦E, which is the main longitude band of TC genesis between the two  WP  phases
(Fig. 8a).

Fig. 8(a) shows that the anomalous upward flow is strengthened in the low latitudes (10–30◦N,
or subtropical WNP) whereas the anomalous downward flow is strengthened in the mid-latitudes
(30–40◦N). This suggests that a WNPH develops more to the north during the positive WP  phase, as
discussed regarding the 500 hPa streamline (Fig. 7a), providing a favorable atmospheric environment
for TC genesis. In the cross-section of relative humidity, strong positive relative humidity exists in the
low latitudes, which also provides a favorable atmospheric environment for TC genesis.

Averaging the vertical cross-section of relative humidity over the same longitude range shows a
clear difference between the two phases (Fig. 8b): Positive humidity exists in the subtropical WNP
during the positive WP  phase, where the anomalous upward flow is strengthened, while negative
humidity exists in the mid-latitudes where the downward flow is strengthened. This indicates that
convective activity is strengthened in the subtropical WNP  and a WNPH is strengthened in the middle
latitudes.

The strengthened anomalous cyclone in the subtropical WNP  during the positive WP  phase also sug-
gests that convective activity is strengthened in this region. This also can be seen in the OLR difference
between the two phases (Fig. 9a). Fig. 9(a) shows that the negative OLR dominates in the subtropical
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(a) OLR (b) 850 hP a relati ve  vor ticity

(c) Vertica l wind sh ear  (200 -850 hP a) (d) 700 hP a relati ve hu midity

Fig. 9. Same as Fig. 6, but for (a) OLR, (b) 850 hPa relative vorticity, (c) vertical wind shear between 200 hPa and 850 hPa levels,
and  (d) 700 hPa relative humidity. Shaded areas are significant at the 95% confidence level. Contour intervals are 3 W m−2 for
OLR,  1 × 10−6 s−1 for vorticity, 1 m s−1 for wind shear, and 1% for relative humidity.

WNP  regions (10–30◦N) while the positive OLR dominates in the mid-latitudes (30–40◦N). The smaller
the OLR is, the stronger the convective activity becomes.

These patterns of the OLR are related to the meridional circulation (Fig. 8a), the 850-hPa relative
vorticity (Fig. 9b), the VWS  between 200 hPa and 850 hPa (Fig. 9c), and 700 hPa relative humidity

Fig. 10. Same as Fig. 6, but for sea surface temperature (SST) during summer (July–September). Shaded areas are significant at
the  95% confidence level. Contour interval is 0.2 ◦C.
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(Fig. 9d). In particular, a small VWS  in the region 15–40◦N during the positive WP  phase provides
favorable atmospheric conditions for TC genesis and development in this region (Fig. 9c).

The role of SST in the TC activity cannot be ignored. The difference in SST between the two WP  phases
(Fig. 10)  shows that an anomalous warm SST appears in the subtropical WNP  (below 30◦N) during
the positive WP  phase. This provides a more favorable oceanic condition for TC genesis frequency
and intensity than during the negative WP  phase. Furthermore, the center of the anomalous warm
SST is located in the northeast area of the subtropical WNP, which is associated with a tendency for
TCs to occur to the northeast more often during the positive WP  phase than during the negative WP
phase.

It is also interesting to note that the overall SST spatial pattern in Fig. 10 is similar to that of El Niño,
even though the effect of ENSO was removed from this study.

4. Concluding remarks

This study has explored a possible influence of the WP  teleconnection pattern during JAS on the
WNP TC activity using TC best track and large-scale environmental data. First, eight of the highest WP
years (positive WP  phase) and eight of the lowest WP  years (negative WP  phase) were selected from
the 45 years 1965–2009 excluding ENSO years and their characteristics are compared.

In the positive WP  phase, more TCs move from the sea northeast of The Philippines to Korea and
Japan via the East China Sea; during the negative WP  phase, TCs tend to move westward from The
Philippines to the southern China and the Indochina Peninsula. Due to the difference in the TC track
between the two WP  phases, the TC passage frequency in East Asia shows a dipole pattern between
the northeast and southwest area.

The pattern of the TC track also affects the TC recurvature, thus TCs tends to recurve more to the
northeast during the positive WP  phase. In particular, TCs during the negative WP  phase are less intense
than those during the positive WP  phase, mainly because more TCs make landfall over mainland China
during the negative WP  phase.

Strong TC activity during the positive WP  phase, particularly in the northeast area of the WNP,
is associated with the difference in the location of a WNPH between the two WP  phases. A WNPH
is located more to the northeast during the positive WP  phase, whereas a WNPH expands to the
southwest during the negative WP  phase. The difference in the WNPH location is mainly attributable
to the difference in the location of the upper tropospheric jet between the two  WP  phases.

The 500-hPa streamline was analyzed to understand the characteristics of large-scale environ-
ments that cause the difference in TC activity between the two  WP  phases. In the positive WP  phase,
an anomalous cyclone is strengthened in the subtropical WNP  while an anomalous anticyclone is
strengthened in the middle latitude area. These two anomalous circulations in East Asia strengthen
anomalous southeasterlies in the East China Sea, Korea and Japan, creating a steering flow that facili-
tates the movement of TCs to this area.

On the other hand, the anomalous northwesterlies are strengthened in the southwestern area
of East Asia, prevents TCs from moving to this area during the positive WP  phase. In particular, the
strengthened anomalous cyclone in the subtropical WNP  is associated with strong convective activity;
as a result, more TCs occur during the positive WP  phase. This pattern is confirmed by comparing the
OLR and the meridional atmospheric circulations between the two  WP  phases. Moreover, an anoma-
lous warm SST forms in most regions of WNP  during the positive WP  phase, providing a favorable
environment for TC genesis and intensification during this WP  phase.

This study also analyzed the TC activity after selecting fourteen of the highest WP  years and fourteen
of the lowest WP  years including ENSO years. The selected the highest WP  years and the lowest WP
years are shown in Table 2. These 28 years account for two  thirds of the entire analysis period (45
years). For both the WP  phases, all years in Table 1 are included in those in Table 2 and particularly,
more La Niña (El Niño) years belong to the positive (negative) WP  years in Table 2, respectively. As
a result, the difference in SST between the two WP  phases shows a typical spatial distribution of La
Niña pattern (Fig. 11).

Because of the ENSO’s influence, the TCs during the positive WP  phase tend to occur in areas of
the subtropical WNP  farther northwest than those that occur during the negative WP  phase (Fig. 12a).
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Table 2
Same as Table 1 but for including ENSO years. Bold red and blue years denote the El Niño and La Niña years, respectively.

Positive WP  phase Negative WP  phase

1966 24 1965 18
1975 12 1969 10
1976 13 1972 18
1977 11 1980 12
1978 17 1981 16
1979 11 1983 10
1987 14 1988 19
1989  18 1991 15
1990 15 1996 17
1992 17 2002 15
1994 24 2003 10
1998 9 2006 13
1999 16  2005 15
2000 16 2008 11

Average 15 Average 14

Here, the differences of latitude and longitude in the TC genesis location for the two WP  phases are
significant at the 90% and 95% confidence levels, respectively. These results for the TC genesis location
are consistent with those of Wang and Chan (2002),  that studied the ENSO’s effect on the WNP  TC
activity, in the respect that TC genesis in La Niña (El Niño) phase tend to be located in farther northwest
(southeast) than in El Niño (La Niña) phase.

For the TC passage frequency and the location of the WNPH, the differences between the two  phases
in Fig. 12b (including the ENSO years) are similar to those in Fig. 3b (excluding the ENSO years), but
different from those of Wang and Chan (2002) in which TCs tend to move more westward (eastward)
during the La Niña (El Niño). This implies that in WP teleconnection studies, the inclusion of ENSO
years makes difficult to analyze the results and thus the effect of WP  pattern and ENSO on the TC
activity should be examined separately.

The TC activity and the large-scale atmospheric circulations associated with the WP  pattern in this
study are similar to the PJ pattern that was reported by Choi et al. (2010).  The two teleconnection
patterns differ, however, in their mechanisms that influence the East Asian climate. As discussed in
the introduction, the PJ pattern of variations of the SST in the warm pool region near the Philippines
affects the summer climate of East Asia, or the East Asian summer monsoon.

Due to the anomalous patterns observed in the WP  during all seasons through the year, the move-
ment of the East Asian jet, or the strengthening and weakening of the WNPH, affect the East Asian
climate. Where the PJ teleconnection pattern applies, TC activity is associated with the change of atmo-
spheric environments due to the variation of SST in the warm pool region near the Philippines; where
the WP  teleconnection pattern applies, TC activity is associated with the south and north movement
of the upper tropospheric jet.

Fig. 11. Same as Fig. 10,  but including ENSO years.
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(a)

(b)

TC genesis frequency

TC passage frequency

0.6 to 0.9

0.0 to 0.3

0.3 to 0.6

-0.6 to -0.9

0.0 to -0.3

-0.3 to -0.6

1.0 to ~

0.0 to 0.5

0.5 to 1.0

-1.0 to ~

0.0 to -0.5

-0.5 to -1.0

Positive phase : 16 .6N, 139 .5E

Negative pha se: 15 .5N, 143 .8E

Fig. 12. Same as Fig. 3, but including ENSO years.

This study focused on analyzing the characteristics of TC activity according to the positive and neg-
ative WP  teleconnection patterns. Future studies will investigate the possibility of predicting seasonal
TC activity by correlating these two variables.

Acknowledgements

This research was supported by a grant from “Construction of Ocean Research Stations and their
Application Studies” funded by the Ministry of Land, Transport and Maritime Affairs of Korean Govern-
ment and the Korea Research Foundation Grant funded by the Korean Government (MOEHRD, Basic
Research Promotion Fund) (KRF-2007-331-C00255). The authors would like to thank the anonymous
reviewers for their valuable comments and suggestions.

References

Barnston, A.G., Livezey, R.E., 1987. Classification, seasonality and persistence of low-frequency atmosphere circulation patterns.
Mon.  Weather Rev. 115, 1083–1125.



16 K.-S. Choi, I.-J. Moon / Dynamics of Atmospheres and Oceans 57 (2012) 1– 16

Camargo, S.J., Sobel, A.H., 2005. Western North Pacific tropical cyclone intensity and ENSO. J. Climate 18, 2996–3006.
Chan, J.C.L., 1985. Tropical cyclone activity in the northwest Pacific in relation to El Niño/Southern oscillation phenomenon.

Mon. Weather Rev. 113, 599–606.
Chan, J.C.L., 1995. Tropical cyclone activity in the western North Pacific in relation to the stratospheric quasi-biennial oscillation.

Mon.  Weather Rev. 123, 2567–2571.
Chen, T.C., Wang, S.Y., Yen, M.C., 2006. Interannual variation of the tropical cyclone activity over the western North Pacific. J.

Climate 19, 5709–5720.
Chen, T.C., Weng, S.P., Yamazaki, N., Kiehne, S., 1998. Interannual variation in the tropical cyclone formation over the western

North  Pacific. Mon. Weather Rev. 126, 1080–1090.
Chia, H.H., Ropelewski, C.F., 2002. The interannual variability in the genesis location of tropical cyclones in the Northwest Pacific.

J.  Climate 15, 2934–2944.
Choi, K.S., Wu,  C.C., Cha, E.J., 2010. Change of tropical cyclone activity by Pacific-Japan teleconnection pattern in the western

North Pacific. J. Geophys. Res. 115, D19114, http://dx.doi.org/10.1029/2010JD013866.
Choi, K.S., Byun, H.R., 2010. Possible relationship between western North Pacific tropical cyclone activity and Arctic oscillation.

Theor. Appl. Climatol. 100, 261–274.
Ho, C.H., Kim, J.H., Kim, H.S., Sui, C.H., Gong, D.Y., 2005. Possible influence of the Antarctic oscillation on tropical cyclone activity

in  the western North Pacific. J. Geophys. Res., http://dx.doi.org/10.1029/2005JD005766, 110 (D19104).
Ho,  C.H., Kim, H.S., Jeong, J.H., Son, S.W., 2009. Influence of stratospheric quasi-biennial oscillation on tropical cyclone tracks in

western North Pacific. Geophys. Res. Lett. 36, L06702, http://dx.doi.org/10.1029/2009GL037163.
Kalnay, E., et al., 1996. The NCEP/NCAR 40-year reanalysis project. Bull. Am.  Meteorol. Soc. 77, 437–472.
Kistler, R., et al., 2001. The NCEP/NCAR 50-year reanalysis. Bull. Am.  Meteorol. Soc. 82, 247–267.
Lander, M.A., 1994. An exploratory analysis of the relationship between tropical storm formation in the western North Pacific

and ENSO. Mon. Weather Rev. 122, 636–651.
Larson, J., Zhou, Y., Higgins, R.W., 2005. Characteristics of landfalling tropical cyclones in the United States and Mexico: clima-

tology and interannual variability. J. Climate 18, 1247–1262.
Lau, N.C., Nath, M.J., 2000. Impact of ENSO on the variability of the Asian-Australian monsoons as simulated in GCM experiments.

J.  Climate 13, 4287–4309.
Liang, X.Z., Wang, W.C., 1998. Association between China monsoon rainfall and tropospheric jets. Quart. J. Roy. Meteorol. Soc.

124, 2597–2623.
Liebmann, B., Smith, C.A., 1996. Description of a complete (interpolated) outgoing longwave radiation dataset. Bull. Am. Mete-

orol.  Soc. 77, 1275–1277.
Saunders, M.A., Chandler, R.E., Merchant, C.J., Roberts, F.P., 2000. Atlantic hurricanes and NW Pacific typhoons: ENSO spatial

impacts on occurrence and landfall. Geophys. Res. Lett. 27, 1147–1150.
Wallace, J.M., Gutzler, D.S., 1981. Teleconnections in the geopotential height field during the Northern Hemisphere. Mon.

Weather Rev. 109, 784–812.
Wang, B., Chan, J.C.L., 2002. How strong ENSO events affect tropical storm activity over the western North Pacific. J. Climate 15,

1643–1658.
Wang, H.J., Fan, K., 2007. Relationship between the Antarctic oscillation in the western North Pacific typhoon frequency. Chin.

Sci.  Bull. 52, 561–565.
Wilks, D.S., 1995. Statistical Methods in the Atmospheric Sciences. Academic Press, 467 pp.
Xie, L., Yan, T., Pietrafesa, L.J., 2005. Climatology and interannual variability of North Atlantic hurricane tracks. J. Climate 18,

5370–5381.

dx.doi.org/10.1029/2010JD013866
dx.doi.org/10.1029/2005JD005766
dx.doi.org/10.1029/2009GL037163

	Influence of the Western Pacific teleconnection pattern on Western North Pacific tropical cyclone activity
	1 Introduction
	2 Data and methods
	2.1 Data
	2.2 Methods

	3 Changes in TC activity according to the WP teleconnection pattern
	3.1 Frequency of TC genesis
	3.2 Frequency of TC passage
	3.3 TC recurvature
	3.4 TC intensity
	3.5 Large-scale environments

	4 Concluding remarks
	Acknowledgements
	References


