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Abstract The effects of the El Niño-Southern Oscillation
(ENSO) phase and the shifting of the ENSO sea surface
temperature (SST) on the intensity of tropical cyclones (TC)
have been extensively investigated in terms of TC genesis
locations in the western North Pacific (WNP). To advance
the hypothesis for a relation of genesis location–intensity
that the TC formation location hints its intensity, two cases
have been compared, which include the phase of the decaying El Niño turning over to La Niña (type I) and the phase
that recovers to a neutral condition (type II). In addition, the
shift of ENSO SST to the central Pacific warming (CPW)
from the East Pacific warming (EPW) has been examined.
The genesis potential index (GPI) and the accumulated
cyclone energy have been applied to compare the differences between the ENSO phase and the TC formation
location. It was apparent that ENSO influences the WNP
typhoon formation location depending on the cycle of the
ENSO phase. In addition, the typhoon activity was affected
by the zonal shift of the El Niño SST. The CPW, which has
maximum SST over the central Pacific, tends to have a
persistently high GPI over the WNP in September–November and June–August, demonstrating that the formation
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locations of strong TCs significantly shift southeastward
compared with the EPW having SST maximum over the
eastern Pacific. CPW years revealed a distinguishable relationship between the TC formation location and the TC
between the tropical depression (TD) + tropical storm (TS)
and the intense typhoon of category 4+5.

1 Introduction
The El Niño-Southern Oscillation (ENSO) is characterized
by interannual sea surface temperature (SST) variations in
the eastern and central equatorial Pacific Ocean. The impact
of ENSO events on the tropical cyclone (TC) activity over
the western North Pacific (WNP) has been studied to provide a better understanding of the large-scale steering flow
of TCs and the tendency of TC tracks to shift (Wang and
Chan 2002). Investigations of large-scale steering circulation over the WNP have contributed to an improved understanding of the East Asian summer monsoon intensity
patterns (Ha and Lee 2007; Lee et al. 2010). However,
although the interannual variability of typhoon activity and
intensity is high, typhoon predictability has remained low. It
is therefore important that ENSO-related typhoon activity is
thoroughly examined.
Copious studies have been conducted on ENSO-induced
atmosphere–ocean circulation controlling TC activities. For
example, Gray (1984) showed that El Niño conditions influence both the formation of hurricanes in the North Atlantic Ocean and their occurrence frequency. Hastings (1990)
also reported on the increasing occurrences of TCs in eastern Australia during the anti-El Niño years. In addition,
Wang and Chan (2002) revealed that TCs occurring during
El Niño years tended to drift northward toward the extratropics, while those occurring during La Niña years more
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frequently took a westward track. Of particular concern has
been the nonlinear relationship between the ENSO and the
occurrence frequency of TCs as well as the locations within
the Pacific of tropical storm formation (Chan 2000; Chen et
al. 1998; Wang and Chan 2002). The formation location of
TCs has shifted southeastward significantly, while the TC
frequency has increased in the central equatorial Pacific in
the El Niño years (Wang and Chan 2002; Clark and Chu
2002; Jang and Ha 2008). Studies concerning the effects of
ENSO on the TC intensity have taken advantage of the
relationship between the accumulated cyclone energy
(ACE) and the Niño indices (Bell et al. 2000; Camargo
and Sobel 2005). Camargo and Sobel (2005) discussed the
influence of ENSO on the evolution of TC intensity, which
has shown that the ACE and ENSO indices could be closely
correlated.
The ENSO SST has maximum amplitude during the
boreal winter, whereas WNP TCs are active in the summer
from May to October. Because of the temporal gap in the
active period, the phases of the developing and decaying
ENSOs may induce a different summertime thermal–dynamical condition and, in turn, TC activity. Therefore,
to improve the predictability of the TC intensity, the dynamic processes controlling the TC intensity at different
ENSO phases (i.e., developing and decaying) should be
investigated.
In this study, cases of developing ENSO years and decaying ENSO years will be compared with each other as shown
in the studies by Chan and Xu (2000) and Xu and Chan
(2001). Then, the two types of phases will be separated—the
La Niña phase and the recovery condition phase where
conditions are reverting to a normal year—using the Niño
3.4 region (5° S–5° N, 120° W–170° W) SST. In addition,
how the shift of ENSO SST in the equatorial Pacific affects
the relationship between the TC intensity and ENSO will be
addressed. Previous studies (Ashok et al. 2007; Kao and Yu
2008; Kug et al. 2009) on this ENSO SST shift have been
conducted by comparing the central Pacific warming maximum (CPW) to the traditional ENSO (east Pacific warming,
EPW). CPW events seem to have increased since the 1990s
under the doubling CO2 climate (Yeh et al. 2009) when SST
maximum regions were compared. Kim et al. (2009)
reported that a shifted ENSO SST played a role in curving
the TC tracks toward the American continent over the
Atlantic Ocean. Furthermore, Kim et al. (2011) showed
that the three types of ENSO influenced the North Pacific
TC genesis and track. Until now, not enough information
has been available regarding the changes in TC formation
and intensity due to the shift of ENSO SST over the western
Pacific, even though Chen and Tam (2010) analyzed
precisely the relationship between the central and eastern
Pacific ENSO and TC frequency in the western North
Pacific.
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For ENSO phase modulation on TC formation and TC
intensity, two controlling TC formations are considered. The
genesis potential index (GPI) by Emanuel and Nolan
(2004), Camargo et al. (2007), and Murakami et al.
(2010), together with the ACE index, has been applied to
compare the cases studied. The effect of the shift of ENSO
SST on WNP TC formation has been looked into in this
article. Section 2 explains the data used, gives the methodology employed for ENSO phase classification, and defines
the shifted ENSO SST. In Section 3, the relationship between TC intensity, formation location, and ENSO is investigated in terms of types from ENSO phase difference. In
Section 4, the effects of a shift of ENSO SST on typhoon
formation and intensity are discussed.

2 Data and analysis methods
The TC best-track data from the Joint Typhoon Warning
Center (http://www.usno.navy.mil/NOOC/nmfc-ph/RSS/
jtwc/best_tracks/wpindex.html) for the period 1960–2008
have been used in this study. This dataset consists of sixhourly center locations and maximum surface wind speeds
for all tropical storms. TCs are divided into three categories
according to the intensities of their sustained wind speeds
based on the Saffir–Simpson Hurricane Scale: tropical depression (TD) + tropical storm (TS) for sustained winds <64 knots,
typhoon (TY) of category 1+2+3 for winds of 64–113 knots,
and intense TY of category 4+5 for winds >114 knots.
Monthly mean SST has been obtained from the HadISST
dataset by the British Atmospheric Data Centre (http://www.
metoffice.gov.uk/hadobs/hadsst) for the period 1960–2008.
The SST data are available with a horizontal resolution of 1°
latitude–longitude. The atmospheric circulation data are derived from the National Center for Environmental Prediction–National Center for Atmospheric Research reanalysis
dataset (http://www.esrl.noaa.gov/psd/data/gridded/data.
nmc.reanalysis.html).
The difference between the neutral years and the developing El Niño years has been analyzed in this study. Warm
and cold episodes are defined when the threshold of ±0.5°C
for the Oceanic Niño Index (ONI) is met for a minimum of
five consecutive overlapping seasons. The ONI (http://
www.cpc.ncep.noaa.gov/products/analysis.monitoring/
ensostuff/ensoyears.shtml) has been calculated using a 3month running mean of the Extended Reconstructed Sea
Surface Temperature version 3b (ERSST.v3b) SST anomalies in the Niño 3.4 region based on the 1971–2000 base
period. The peak of the ENSO events occurs during the
December–February season, while the amplitudes of the El
Niño episodes vary, as described by Rasmusson and
Carpenter (1982). The developing ENSO years and decaying ENSO years have therefore been separately considered;
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the developing year is the year leading into the December–
February El Niño season, and the decaying year is the year
following the developing year (Fig. 1).
Type I and type II years have been categorized as follows: Type I years lead into the La Niña year from the
previous developing year in the Niño 3.4 SST anomaly,
while type II years evolve into the normal year from the
developing ENSO year. Type I and type II years classified
by ENSO evolution after DJF are shown in Table 1. The
definition of the EPW and CPW is based on the center
position of Pacific warming. In detail, the EPW case years
are defined as years that Niño 3 (5° N–5° S, 150°–90° W)
warming is >1 standard deviation, while Niño 4 (5° N–5° S,
160° E–150° W) is cooler than Niño 3; for CPW, Niño 4
warming exceeds 1 standard deviation, while Niño 3 is
below this criterion. The central Pacific cooling (CPC) and
east Pacific cooling (EPC) are identified in the same definition. The definition of Pacific warming using the Niño 3
index and the Niño 4 index follows the criterion used in Kug
et al. (2009), Kim et al. (2009), and Yeh et al. (2009).
Following the phases of ENSO evolution and the types of
Pacific warming, the summertime typhoon activity in the
WNP region (0°–30° N, 100°–180° E) from June–October
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has been investigated. The statistical significance is inferred
when the composite difference exceeds the 95% confidence
level based on a two-tailed Student’s t test. The degree of
freedom is simply determined by n−2.

3 Typhoon intensity and formation region
3.1 Typhoon and Niño indices
To investigate the relationship between the typhoon intensity, formation, and ENSO, the way in which the timing lags
has been extensively studied. First of all, the lag correlation
between the ACE in June–October and the monthly ENSO
indices have been computed (Fig. 2a). ACE is defined in
Eq. 1 and determined by typhoon persistency, intensity, and
occurrence (Bell et al. 2000).
ACE ¼

X

Vmax 2 =104 Þ

ð1Þ

where Vmax is the maximum wind speed (in knots) in sixhourly time intervals above 34 knots.

Fig. 1 Schematic diagram of the oceanic Niño index for developing El Niño conditions, decaying El Niño conditions, and type I and II years
(adapted from Jang and Ha 2008)
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Table 1 Classification of the
neutral, type I, and type II years
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Neutral

Type I (developing/decaying)

Case years 1960, 1961, 1966, 1978,
1979, 1980, 1981, 1983,
1985, 1989, 1990, 1992,
1993, 1996, 2001, 2003,
2005, 2008 (18 years)

Figure 2a shows that the spring ENSO indices in the
previous year (−1) are negatively correlated with ACE.
However, a positive correlation evolves in the boreal
wintertime; eventually, a maximum positive correlation
arrives during the summertime at year (0). The Niño 3,
Niño 4, and Niño 3.4 indices are significantly correlated
with strong ACE during the summer to the winter
season.

Fig. 2 Lag–lead correlation coefficients between the time series of
ACE (June–October) and monthly Niño indices (a) and the time series
of mean typhoon formation location (June–October) and monthly Niño
indices (b). The reference ACE and formation region is displayed
within the gray bar. Year −1 (year +1) denotes the year before (after)
the reference Niño indices. The horizontal dashed lines indicate the
95% and 99% confidence levels

Type II (developing/decaying)

1963/1964, 1969/1970, 1972/
1965/1966, 1977/1978, 1982/
1973, 1987/1988, 1994/1995,
1983, 1991/1992, 2002/2003,
1997/1998, 2006/2007 (7 cases) 2004/2005 (6 cases)

Using the same approach, the lag correlation between the
TC formation location and the Niño indices is shown in
Fig. 2b. For the digitalization of TC formation locations,
zonal distances (in kilometers) from the center of TC formation (at 30° N, 120° E) have been calculated because the
east–west difference in formation location was most evident.
The TC formation location was given by the point at which
a tropical cyclone evolves into a TD. This reference position
(30° N, 120° E) is the marginal point at which a TC track
could be deflected onto land or ocean over the WNP. Most
TCs move northwest in the WNP region, and then the TCs
are deflected toward the northeast in relation to the steering
effect of the WNP high. The northwestern edge of the WNP
high is roughly located at 30° N, 120° E (e.g., Ha and Lee
2007). During this northwestward-moving period of TCs,
the TCs are intensified toward this reference point by the
heat and moisture supplied from the ocean. It is assumed
that the further away a TC formation location is from this
reference position, the stronger its intensity will be due to its
enhanced capacity. Consequently, the zonal distance from
this reference position is a good indicator for both TC’s
intensity and genesis locations. The lag correlation coefficients between the location for formation during the period
June–October and the Niño indices (Fig. 2b) are higher than
those for the ACE and Niño indices (Fig. 2a). The significant differences between the lead and lag correlations are
shown in Niño 1, 2, and Niño 4 SST. While the Niño 4
(central Pacific) SST has a significant correlation with the
TC location during the El Niño developing year, the Niño 1+2
(eastern Pacific) index correlates well with the TC location at
Y(−1), implying that this index conveys the pre-signal of
typhoon activity.
Note that the correlations between the formation location
and ENSO bear a close resemblance to those between the
ACE and ENSO. This could suggest that ENSO affects the
coherent change of the TC formation location and intensity
in the cycle of ENSO phase. Through categorization of TC
intensity, there is evidence suggesting that the stronger TCs
form with a shift of TC formation toward the east and the
equator, away from the WNP center (figure not shown).
Additionally, the maximum transient wind speed and the
TC formation location are highly dependent and linearly
correlate with each other, as reported by Jang and Ha
(2008).
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3.2 Genesis potential index in the type I and type II years
The SST and SST-derived convection have been compared
from studies on heat and moisture transfers over the ocean
(Bjerknes 1966; Lindzen and Nigam 1987). As has been
demonstrated, a high SST is a key factor for TC formation
(Evans 1993). Emanuel and Nolan (2004) defined a key
index for the study of TC formation potential using absolute vorticity, relative vorticity, relative humidity, and vertical wind shear, known as the genesis potential index
(GPI).
The GPI, as presented by Emanuel and Nolan (2004), is
defined as
  


3=2 H 3 Vpot 3
GPI ¼ 105 η
ð1 þ 0:1Vshear Þ2
50
70

ð2Þ

Fig. 3 Genesis potential index and geopotential height (in meters) at
850 hPa in El Niño type I years during JJASO. Dots denote the
formation location for TD + TS (blue triangles), category 1+2+3
(purple squares), and category 4+5 (red circles). Shaded areas in (e)
and (f) represent significant areas (90% and 95% confidence levels).

where η is the absolute vorticity at 850 hPa (per second), Η
is the relative humidity at 600 hPa expressed as a percentage, Vpot is the potential intensity (in meters per second) of
Emanuel (1995), and Vshear is the magnitude of the vertical
wind shear between 850 and 200 hPa (in meters per second).
To understand the effects of the ENSO phase on TC
formation, the GPI has been computed for the type I and
type II years (Figs. 3 and 4). Shown in Figs. 3 and 4 are
three types of information: GPI (left panels), geopotential
height at 850 hPa (right panels), and TC formations (dots).
The large-scale steering over the WNP can be estimated
from the 850-hPa geopotential height. Dots denote formation regions for TD + TS (blue triangles), category 1+2+3
(purple squares), and category 4 + 5 (red circles) TCs.
Figure 3e depicts the differences between the developing
and decaying ENSO phases, where the main feature is a
zonal dipole structure in the GPI distribution. The ENSO

Black (red) asterisk denotes the mean location of formation for category 4+5 in decaying years (developing years), respectively. The box
in the upper left corner of each panel contains the number of TC
formations with regard to TC categories
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Fig. 4 Same as Fig. 3, but for El Niño type II years

phase in type I is quite different from that in type II. These
results suggest that the referenced type categorization is
reasonable. The numbers within the box of each figure
denote the number of TC, TD + TS, TY of category 1+2+
3, and intense TY of 4+5.
The differences between the developing and decaying
phases for type I years in category 4+5 (red circles) TYs
are shown in Fig. 3. More category 4+5 TYs are observed in
the west during the decaying phases, while more are over
the dateline during the developing phases. These differences
are consistent with that between the El Niño and La Niña
years, as reported by Camargo et al. (2007). Background
state changes during the developing and decaying phases
modulate the intensity of TCs. The GPI difference between
the developing and decaying periods might be associated
with the geopotential height at 850 hPa, as shown in Fig. 3f.
The WNP high during the decaying period is extensively
elongated zonally. This enhanced anti-cyclonic circulation
over the WNP prevents TC formation westward of the
dateline and creates a strong cyclonic vorticity over the

western part of the Philippine Sea. Unlike the decaying
phase, the strong typhoons of category 4+5 tend to occur
in the developing phase of type I. However, in the decaying
phase, TC and TD + TS classes occur more frequently over
the western part of the WNP. That is, a dipole structure over
the western (stronger GPI) and central (weaker GPI) parts of
WNP is apparent.
Figure 4 presents the results for type II cases which exhibit
a relatively slow phase transition. Compared with the difference between the decaying and developing phases of type I,
the difference is smaller for type II. In addition, distributions
of formation location are shown as weakened dipole structures
from 140° E–170° E, which correspond to that of the central
Pacific. Dipole structure is consistent with the 850-hPa geopotential height differences. Large GPI over the area 130° E–
160° E may support the conditions required for vorticity and
temperature to reinforce TCs as well as the 850-hPa geopotential. This will be discussed in the next section.
The different impacts of the two types of El Niño on
typhoon activity can be explained by the circulation changes

Dependency of typhoon intensity on El Niño phase and SST shift
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Fig. 5 Time series of normalized Niño 3 (dark gray and red color) and Niño 4 (gray and orange color) indices based on the SST anomaly from the
1960–2008 average in the boreal summer and fall (JJASO)

over the WNP. Type I has a fast transition from El Niño to
La Niña. Recent studies revealed that this fast phase transition of El Niño is linked to the Indian Ocean warming (Kug
and Kang 2006; Kug et al. 2006; Wu et al. 2010). When
accompanied by El Niño, the Indian Ocean warming intensifies the Philippine Sea anticyclone, which leads to a fast
phase transition via oceanic upwelling Kelvin wave induced

by equatorial easterlies. In particular, Xie et al. (2009) for
JJA mean condition pointed out that the Indian Ocean
warming can contribute to the intensification of the anticyclones over WNP via atmospheric Kelvin wave during the
summertime of the El Niño decaying phase, as shown in
Fig. 3f. Zhou et al. (2009) indicated that a decadal-scale
Indian Ocean warming can also lead to a westward

Fig. 6 Composites of SST anomalies (in degree Celsius) in JJASO for each of the four events: CPW (a), EPW (b), CPC (c), and EPC (d). The box
in each panel denotes the WNP region
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Fig. 7 Genesis potential index and geopotential height (in meters) at
850 hPa for CPW (a, b), EPW (c, d), and the difference during JJASO.
Dots denote the formation region for TD + TS (blue triangles), category 1+2+3 (purple squares), and category 4+5 (red circles). Shaded

areas in (e) and (f) represent significant areas (90% and 95% confidence levels). The box in the upper left corner of each panel contains
the number of TC formations in terms of TC classes

extension of the WNP subtropical high. Therefore, the intensified and persistent anticyclone may affect the typhoon
activity. On the other hand, type II El Niño experiences a
slow transition, indicating a weak Indian Ocean feedback.
This may lead to the fact that the anticyclone over WNP is
also relatively weak. Therefore, the dependency of typhoon
activity on ENSO phase can be weaker than that of type I.

to improve the predictability of TC annual activity. Since a
shift of ENSO SST can affect the circulation of WNP high
and convection over the equatorial ocean (e.g., Chen and
Tam 2010), TC formation and TC intensity have been analyzed in terms of the detailed Niño indices. Traditionally, the
Niño 3.4 index is used for the classification of El Niño and
La Niña phases. When comparing Niño 3 and Niño 4
indices, CPW and EPW case years are chosen by years over
1σ from the climatological SST. In the same way, CPC and
EPC case years are chosen by years under 1σ from the
climatological SST, as shown in Fig. 5.
EPW cases are selected from years in which the Niño 3
index exceeded 1σ and CPW cases as Niño 4 index (Fig. 5).
EPW case years were 1965, 1972, 1982, 1987, and 1997;
CPW case years were 1991, 1994, 2002, 2004, and 2006.
Among those years, the type I (the type II) years of EPW
were 1972, 1987, and 1997 (1965 and 1982), while those of
CPW were 1994 and 2006 (1991, 2002, and 2004; see
Table 1). Compared with the EPW years, an increase in

4 Effects of a shift of ENSO SST on typhoon formation
and intensity
The shifting ENSO SST has been highlighted in a study of
TC activity over the Atlantic Ocean (Kim et al. 2009). They
have attempted to explain the TC track differences in the
shifting tropical SST. There remains a study on a relation
between intensity and TC formation location in terms of a
shifting of ENSO SST. The effect of a shift of ENSO SST on
TC intensity and formation location needs to be investigated

Dependency of typhoon intensity on El Niño phase and SST shift
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the CPW years has been recently reported by Yeh et al.
(2009). The composite differences between the CPW and
EPW years (see Fig. 6) indicate that the WNP SST during
EPW (EPC) is cooler (warmer) than that during CPW
(CPC).
The greatest differences between the CPW and EPW
years are revealed in the GPI values over the WNP. The
CPW year has a higher GPI over the WNP and a larger
number (10% increases) of TC occurrences compared with
an EPW year (Fig. 7). The difference of the number of TC
occurrences is mostly induced by the change in TD + TS
categories. This figure is similar to the GPI anomaly
reported by Kim et al. (2011). In particular, GPI in the north
and southeast of the WNP significantly increased in CPW
years and was consistent with the 850-hPa geopotential
height increases. This result was in agreement with that
revealed by Chen and Tam (2010) who showed that the
Niño 3 index has a negative correlation with the TC occurrences over the northern part of the WNP. The reason for
this negative correlation may have come from the anomalous anticyclone.
To demonstrate the causes for the difference in GPI
between CPW years and EPW years, contributing terms
have been evaluated, as shown in Fig. 8. The dipole structure in the difference between CPW–EPW years occurs
extensively in the WNP. Because the SST anomaly associated with CPW is shifted to the west compared with the SST
anomaly associated with EPW, the associated positioning of
the atmospheric circulation also had migrated toward the
west. Therefore, as shown in Fig. 8a, the vorticity exhibits a
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positive difference over the northwest part of the WNP and a
negative difference over the southeast part of the WNP. The
higher GPI over the area 130°–140° E, 10°–30° N during
CPW may be due to the vorticity difference. However,
relative humidity and potential intensity are greater in the
CPW cases. The large differences in relative humidity and
potential intensity (PI) values over the WNP are mainly due
to the large evaporations caused by the increased SST in
CPW years (see Fig. 6). The positive difference in the GPI is
due to the PI and relative humidity over the southeast part of
the WNP, as shown in Fig. 8. This positive difference can
reduce TC formation over this area in the EPW years.
To examine in detail the structural changes in GPI in
Fig. 7, the GPI distribution for both the June–August and
September–November seasons has been analyzed. Figure 9
shows the mean GPI difference characters between the CPW
and EPW years for June–August and September–November.
During these two seasons, the GPI is higher in CPW years
than in EPW years. In June–August, a discernible difference
is more evident over a broad area of the WNP than that in
September–November. The JJA pattern is similar to the
JJASO pattern shown in Fig. 7e. Compared with EPW,
during CPW from June–August, the intense TC (i.e., category 4+5) tends to occur over the southeastern region of
WNP, while the weak TC (i.e., TD + TS) tends to appear
over the northwestern region. This suggests the clear relationship between TC formation location and TC intensity
during CPW. In EPW years in June–August, category 4+5
frequency and intensity increased over the high GPI, which
is zonally elongated toward the western areas of the WNP.

Fig. 8 |105 ×Absolute vorticity (s−1)|3/2 (a); (relative humidity (%)/50)3 (b); (potential intensity (ms−1)/70)3 (c); and (1+0.1×vertical shear
(ms−1))−2 (d) for the difference between CPW and EPW years (CPW − EPW) during JJASO. The box in each panel denotes the WNP region
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Fig. 9 Genesis potential index for CPW (a, b), EPW (c, d), and the
difference during JJA and SON. Dots denote the formation region for
TD + TS (blue triangles), category 1+2+3 (purple squares), and
category 4+5 (red circles). Shaded areas in (e) and (f) represent

significant areas (90% and 95% confidence levels). The box in the
upper left corner of each panel contains the number of TC formations
with regard to TC classes

In CPW years in September–November, an increase in the
number of typhoons in category 4+5 due to the eastwardmoving high GPI has occurred. It is apparent that the higher
GPI in CPW years compared with that in EPW years has
been persistent during the June–October period. The occurrence locations, however, have shifted eastward with the
more severe TC categories. The number of occurrences is
distinguishable in the June–August and September–November periods.
As shown in Figs. 8 and 9, the important difference
between the CPW years and the EPW years is the relationship between the TC formation location and TC
intensity. To verify the reliability of this relationship,
only the TD + TS and 4+5 categories have been compared in Fig. 10. It is clear that TD + TS in CPW cases
tend to be generated over the northwestern part of the
WNP as compared with those during EPW. However, for
CPW cases, category 4+5 typhoons are mostly generated

over the southeastern part of the WNP, while they also
tend to be generated over the northwestern and southwestern parts during EPW. There are distinguishable
formation characteristics between the categories TS +
TD and 4+5 in the CPW years (Fig. 10a, c) compared
with EPW years (Fig. 10b, d), providing a source from
which typhoon intensity may be predicted.

5 Discussion and conclusions
Over many ENSO events, there are various phases in a
cycle. In relation to the different phase cycle of ENSO, TC
formation and its track can be modified and modulated
through many factors such as WNP circulation and thermal
states. In recent studies, the effect of a shifting of ENSO
SST has been highlighted in terms of the modulation of
vertical wind shear in the TC formation stage. The present
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Fig. 10 Locations of the formations and tracks of TCs in CPW years
(a, c) and in EPW years (b, d). In the upper panel are tracks of TD +
TS and in the lower panel tracks of category 4+5 typhoons during

JJASO. Dots denote the formation region for TD + TS (triangles) and
category 4+5 (circles). Blue lines divide the WNP into a northwestern
part and a southeastern part

study aims to demonstrate the relationship between TC
genesis location and intensity with regard to the different
ENSO phase cycle and shifted ENSO SST condition.
Niño indices help explain the major factors controlling
the occurrence of TCs over the tropical Pacific and WNP.
Because Niño indices have the potential to predict TCs, a
comprehensive understanding of the main characteristics of
TC’s activity in relation to the Niño indices is required. In
the present study, GPI as a probable condition function of
TC formation and ACE as a related function of TC intensity
were used to show the effects of the ENSO phase. Furthermore, the present study examined the effect of the shift of El
Niño SST, which included the CP type and EP type El Niño,
on the relationship between TC formation and intensity.
For a comprehensive understanding of the relationship
between the TC formation and the ENSO phase, type I years
(developing ENSO + La Niña) and type II years (developing
ENSO + normal years) were separated with different decaying phases following the developing ENSO. In addition, not
only CPW and EPW years but also CPC and EPC years were
demonstrated in the developing phase. If the TC formation
locations can be divided into the “west” and the “east” with
the boundary at 140° E, distinguishable characteristics become apparent, as shown in Fig. 11. In type I cases, the
difference between the “west” and the “east” is well defined

in the developing and decaying phases. For example, when
considering CPW years in comparison to EPW years, El
Niño and La Niña are characteristics of TC formation location. The correlation between the TC occurrence locations
and the CPW-ENSO phase with the shift of ENSO SST can
be useful for a long-term prediction of TC occurrence formation and intensity. It may support that the predictability

Fig. 11 Ratio of typhoon occurrence in each ENSO type during the
period 1960–2008. The west and east parts are divided at 140° E

394

for TC intensity will be extended in the future CPW-ENSO
years.
However, uncertainties remain due to the limited number
of observed samples. In particular, unlike the warm types,
the cold types of EPC and CPC do not reveal evident differences in the TC-ENSO relationship, suggesting limitation in
analyzing this relationship. Although the EPC and CPC are
less distinguishable on TC activity, the difference between
two cold types should be investigated to understand the
asymmetric response in relation to ENSO. Thus, further
studies on additional events need to be pursued to confirm
the association between TC intensity, formation, and ENSO
phases. Nevertheless, the present study has been performed
with useful variables and potential functions. Through the
GPI analysis, it can be confirmed that the ENSO phases and
cycles affect the mean position of TC formation location. By
determining the difference between the GPI and the developing and decaying phases, a dipole structure with a higher
GPI in the southeastern area of the WNP during the developing phase was found; in this structure, an intense TY
occurrence of category 4+5 was greater. In contrast, the
GPI over the northwestern area of the WNP experienced a
great deal of TD + TS TC occurrence. This result was
dominant in type I cases.
To determine the relationship between the ENSO phase
and the TC formation region, the EPW and CPW cases were
compared utilizing the Niño 3 and Niño 4 indices. CPW
years showed a higher GPI than EPW years over a broad
area of the WNP with a 10% increase in TCs. CPW years
revealed a strong relationship between the TC formation
location and the TC intensity. Considering that CPW years
are likely to increase in the future, it is worth noting that the
relationships revealed within CPW years would provide an
improvement in the predictability of typhoons. On the other
hand, the relative role of the ENSO phase cycle and shifting
ENSO events on the TC activity has not been firmly demonstrated in this study. It should be examined for accurate
TC prediction, which will be investigated in a future study.
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