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Abstract It is well known that Tropical cyclone (TC) activities over the Pacific are affected by El Nifio events. In most studies El
Niflo phenomena have been separated into east Pacific warming (EPW) and central Pacific warming (CPW) based on the location of
maximum SST anomaly. Since these two kinds of El Nifio have different impacts on Pacific tropical cyclone activities, this study
investigates different features of TC activities and the genesis potential index (GPI) during EPW years and CPW years. Four contrib-
uting factors, i.e., the low-level absolute vorticity, the relative humidity, the potential intensity and the vertical wind shear, are exam-
ined to determine which factors are most important in causing the anomalous TC activities. Our results show that during EPW years
in July—August (JA®), TC activities are more frequent with stronger intensity over the Western North Pacific (WNP) and Eastern
North Pacific (ENP). The maximum anomaly center of TC activities then drifts eastward significantly in September—October (SO°).
However, centers of anomalous TC activity barely change from JA” to SO° during CPW years. In January—February—March (JEM")
of the decaying years of warming events, TC frequency and intensity both have positive anomaly over the South Pacific. The anoma-
lies in EPW years have larger amplitude and wider spatial distribution than those in CPW years. These anomalous activities of TC are

associated with GPI anomaly and the key factors affecting GPI anomaly for each ocean basin are quite different.
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1 Introduction

There are many studies about the influence of El Nifio
and Southern Oscillation (ENSO) on tropical cyclone (TC)
activities over the Pacific. One general consensus is that
the location of TC formation would shift eastward in
strong El Nifio years. In the summer and autumn when El
Niflo TC activities are intensified over the south eastern
WNP, TCs would cover larger areas with longer duration
over the warm sea surface before landing. As a result, the
average intensity of TC would become stronger in El
Niflo years (Chan, 2000; Wang and Chan, 2002; Chen et al.,
2006). In La Nifia years the situation is reversed. Vertical
wind shear and low-level vorticity changes caused by
anomalous circulation play more important roles than
local SST in TC activity (Camargo and Sobel, 2005; Chen
and Huang, 2006), indicating the importance of dynamic
process in TC activities. Significant impact of El Nifio on
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eastern North Pacific TC activities is clearly illustrated by
westward drifting of TC genesis location and maximum
intensity location during El Nifio years. The number of
intense TCs tends to increase in El Nifio years (Irwin and
Davis, 1999; Camargo et al., 2008; Clark and Chu, 2002).
In the south Pacific, ENSO is the main factor responsible
for the inter-annual variation of TC activities and there
are more TCs over the south Pacific during El Nifio years.
Changes in large scale circulation patterns associated with
El Nifio appear to be the key factors affecting TC active-
ties. Previous studies (Evans and Allan, 2006; Kuleshov
et al., 2009; Ramsay et al., 2008; Liu and Chan, 2010)
have shown that the low level vorticity would be en-
hanced over the Western South Pacific as a response to
the SST warming in the eastern equatorial Pacific, thus
the TC activities tend to be enhanced in this situation.
Recent studies showed that the location of maximum
SST anomaly tended to shift to the central Pacific during
some El Nifio events in the past two decades (Kao and Yu,
2009). Hence El Nifio events have been separated into
two types according to the location of maximum SST
anomaly: the Central Pacific Warming (CPW) and the
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Eastern Pacific Warming (EPW). In some studies the
EPW was named as the dateline El Nifio (Larkin and
Harrison, 2005), the El Nifio Modoki (Ashok et al., 2007)
or the warm pool El Nifio (Kug et al., 2009). Both of the
two types of El Nifio have influence on large-scale circu-
lation of the Pacific region (Yeh et al., 2009) while re-
sponses of the large-scale circulation to each warming
pattern are different. Some studies have shown that the
two types of the tropical Pacific warming would induce
different TC activity anomalies, for instance the genesis
number and tracks (Kim et al., 2009, 2011a; Chen and
Tam, 2010; Wang et al., 2014; Wang and Wang, 2013a).
Furthermore, different type of El Niflo may have variable
influence on the TC activities in the next summer through
the different response of Indian Ocean to types of El Nifio
(Du et al., 2011; Wang and Wang, 2013b). However, more
details of TC activity anomaly during EPW and CPW are
not yet known and need to be addressed over the entire
Pacific.

In this study, the variability of TC activity over the
Pacific during EPW years and CPW years was
investigated in terms of TC frequency (represented by
storm days) and intensity (represented by maximum wind
speed). The genesis potential index (GPI) is used to
explain the TC activity anomaly. Four contributing factors,
i.e., the low-level absolute vorticity, the relative humidity,
the potential intensity and the vertical wind shear, are
examined to determine which factor or factors are the
most important in causing the anomalous TC activities.

This paper is organized as follows. Data and
methodology used in this study are introduced in Section
2. Characters of TC activity anomaly during EPW and
CPW years are described in Section 3. The GPI anomalies
during the two types of warming events are analyzed in
Section 4. Finally, conclusions of this study are presented
in Section 5.

2 Data and Methodology

This study covers the period of 1971 to 2010. TC
datasets over the Pacific archived in the International Best
Track Archive for Climate Stewardship (IBTrACS) are
obtained to investigate features of TC activities in the
Pacific. Since the main tropical cyclone season of the
North Pacific is from July to October (JASO) and its
counterpart of the south Pacific is from January to March
(JFM), the present study focuses on the summer and fall
during warming events developing years in the North
Pacific, and the spring during warming events decaying
years in the south Pacific. For convenience, we use JA’
and SO to represent July-August and September-October
of El Nifio developing years while JFM' to represent
January-February-March of El Nifio decaying years. TC
frequency and intensity are calculated based on the
6-hour interval data archived in IBTrACS. Only those
TCs with maximum surface wind greater than 34 knots
are considered.

The multi-level daily atmospheric data include wind,
air temperature, relative humidity, surface temperature
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and pressures with resolution of 2.5°%2.5° for the period
1971 to 2010 derived from NCEP/NCAR Reanalysis data
(Kalnay ef al., 1996).

Since there are different definitions of CPW years and
EPW years, the classification of warming events are
different for some years. For instance, the warming
events in 1977 (Kug et al., 2009), 1990 (Ashok et al.,
2007) and 1991 (Kim et al., 2011b) are classified into
different kinds based on variable definitions. In the
fallowing sections only the EPW years and CPW years
that are in agreement by various definitions are
considered (Ashok et al., 2007; Kao and Yu, 2009; Kug et
al., 2009; Kim et al., 2011b; Ratnam et al., 2012). As a
result, four typical CPW years (1994, 2002, 2004 and
2009) and four typical EPW years (1972, 1976, 1982 and
1997) were chosen for investigation in this study.

3 TC Activity Anomaly During the Pacific
Warming Events

Wang et al. (2010) have shown that storm-days in the
Pacific can be affected by ENSO events. Since large-scale
circulations of the ocean and the atmosphere have
different responses to EPW and CPW events respectively,
TC activities over the Pacific are expected to have
different characteristics during EPW and CPW years. TC
frequency and intensity are used to investigate the TC
activity features over the Pacific during these two types of
warming events.

3.1 TC Frequency

Fig.1 shows the composites of mean storm-days
anomalies in JA®, SO” and JFM' of EPW years and CPW
years. Storm-days is defined as the number of tropical
cyclones occurrence in each grid box based on the 6-hour
record. Storm-days anomaly is calculated by removing
the 40-year climatology average for the period 1971 to
2010.

In JA” of EPW years, there were more TC activities
over most areas of the western north Pacific (WNP)
(Fig.1a). At the same time, TC activity was suppressed
near the Mexico coast and enhanced over other parts of
the eastern north Pacific (ENP). The TC activities also
increased over the WNP and the ENP during JA® of CPW
years (Fig.1b). There was significantly positive storm-
days during the CPW events appearing in the central
Pacific but this cannot be found during EPW years. The
impacts of EPW events and CPW events on the ENP and
WNP TC activity were similar in JA although the SST
anomalies appeared in different locations. CPW events
can also increase the TC activity over the central Pacific.

In SO” of EPW years, TC activities were significantly
decreased over the west part of the WNP but increased
over the east part of the WNP (Fig.1c). This pattern
means that location of positive anomaly of storm-days
shifted eastward from JA® to SO°. The anomalous center
in ENP also shifted eastward. In contrast, the positive
anomaly of storm-days was still dominant over the broad
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area of WNP and ENP during CPW years (Fig.1d).

In JFM' of EPW years, areas of positive anomaly of
storm-days were located over the South Pacific and the
main body of storm-days anomaly was located on the
west side of the dateline (Fig.le). However, in JEM' of
CPW year, the main body of positive anomaly of storm
days was located on the east side of the dateline (Fig.1f).

3.2 TC Intensity

TC intensity also can be influenced by ENSO. Many
studies show that there would have more intense TCs in
El Nifio years over WNP (Camargo and Sobel, 2005;
Huang and Xu, 2010; Zhao et al., 2011). In this paper,
wind speed is used to examine the TC intensity during the

two types of El Nifio. The averaged wind speed is defined
as the average of maximum wind of TC occurring in each
grid box based on the 6-hour record. TC intensity anom-
aly is obtained by removing the 40-year mean.

Fig.2 shows the composites of the averaged wind speed
anomalies in JA®, SO” and JFM' of EPW and CPW years.
In JA® of EPW years TC intensity was enhanced over
most areas of both the WNP and the ENP except over the
South China Sea and the Mexico coast (Fig.2a). The TC
intensity had barely changes over the South China Sea
and had a decrease near the Mexico coast. Similarly, TC
intensity had positive anomaly over the broad area of the
North Pacific but it was negative of the eastern and western
edges of the north Pacific in JA® of CPW years (Fig.2b).
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Fig.1 Storm-days anomalies in JA® (a, b), SO’ (c, d) and JEM' (e, f) during EPW years (left) and CPW years (right). The
solid line shows the 90% confidence level and the dash line shows the 95% confidence level by #-test.
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Fig.2 TC intensity anomaly JA’ (a, b), SO’ (c, d) and JFM' (e, f) during EPW years (left) and CPW years (right). The
solid line shows the 90% confidence level and the dash line shows the 95% confidence level by #-test.
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In SO° of EPW years, TC intensity anomaly shifted
more eastward than that in JA®. This means TC intensity
decreased over the Philippians Sea and the East China
Sea. Changes in TC intensity were not significant over
the NEP during this time (Fig.2c). In contrast, the location
of TC intensity anomaly over the WNP in SO’ of CPW
years was close to that in JA®, but the increasing of TC
intensity over ENP was not as significant as that in JA®
(Fig.2d).

TC intensity over the SP had different response to
warm events in EPW years and CPW years in the
fallowing JFM'. It had positive anomaly over the SP in
EPW year and CPW years while the spatial distribution
and the amplitude were larger in EPW years than those in
CPW years (Figs.2e, 2f).

4 GPI Anomaly During the Two Types of
Pacific Warming

Emanuel and Nolan (2004) defined a genesis potential

index (GPI) to examine the climate factors for TC activity.

The GPI is composed of low-level absolute vorticity,
relative humidity, potential intensity and vertical wind
shear. The potential intensity depends on SST, air
temperature and sea level pressure (Bister and Emanuel,
2002). The GPI is defined as

3 3
GPI=[10°n 2 (%) [%J A+0.1V00) 2,

where # is the absolute vorticity at 850 hPa, H is the
relative humidity at 700hPa, P/ is the potential intensity
of TC and Vs 1S the vertical wind shear between 850
hPa and 200 hPa. To examine the influence of
environmental factors on tropical cyclone activity, the
GPI is first calculated by daily data, and then averaged to
obtain the monthly mean of GPI. The anomaly of GPI is
obtained by removing the 40-year climatology for the
period 1971 to 2010 from the original GPI.

To compare the importance of the four variables which
are used in the GPI calculation, we calculated GPI* using
the climatology of three of the variables and original
value of the fourth variable. This process was repeated for
all variables. Although the anomaly of GPI is not the sum
of the four GPI*, the contribution of each variable to the
GPI can be described.

Fig.3 shows the composite of GPI anomaly and GPI*
anomalies for each variable in JA® of EPW years and
CPW years. In EPW year, GPI over the WNP showed
positive anomaly on the southeast part and negative
anomaly on the northwest part (Fig.3a). Although the
positive GPI anomaly was not adjacent to the Asia conti-
nent, most TCs moved westward or northwestward after
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Fig.3 GPI anomaly in JA® of EPW years (a) and CPW years (b), and GPI* for (c, d) the low level vorticity, (e, f) PI, (g, h)
the relative humidity and (i, j) the vertical wind shear in JA of EPW years (left) and CPW years (right). The solid line
shows the 90% confidence level and the dash line shows the 95% confidence level by #-test.
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their genesis. As a result, the positive TC activity ex-
tended to the Asian coast (Fig.1a). GPI* for different fac-
tors show very different patterns. The increase of GPI was
mainly owing to the positive relative humidity anomaly
(Fig.3g) and low-level vorticity (Fig.3c) which were
caused by a deeper summer monsoon trough. The de-
crease of GPI over the East China Sea was mainly due to
the negative PI anomaly (Fig.3c), while the negative GPI
over the southern part of Philippine Sea was mainly due
to the vertical wind shear anomaly (Fig.3i). In ENP, the
positive GPI anomaly was located to the south of 10°N
and negative GPI anomaly was located to the north of
10°N (Fig.3a). Thus the TC activity anomaly showed a
south-north dipole pattern over the ENP (Fig.la). De-
creased vertical wind shear was the main contributor of
the positive GPI anomaly to the south of 10°N (Fig.31),
while the negative GPI to the north of 10°N anomaly was
mainly caused by the decreased low-level vorticity (Fig.3¢c)
and negative 700hPa relative humidity (Fig.3g). In con-
trast, the GPI positive anomaly dominated WNP and ENP
in JA® of CPW years (Fig.3b). The positive GPI anomaly
extended a little northward than that in EPW years, thus
the positive TC activities extended northward to a bit

higher latitude than its counterpart in EPW years (Fig.1b).
The increase of GPI in WNP was mainly owing to the
increased relative humidity (Fig.3h) and positive low-
level vorticity anomaly (Fig.3j), while the PI and vertical
wind shear had no significant changes over WNP. The in-
crease of GPI in ENP was mainly owing to lager PI (Fig.3f)
and minor vertical wind shear (Fig.3j). The low level vor-
ticity and relative humidity had barely changes over ENP.
The composite of GPI anomaly and GPI* anomaly for
each variable in SO’ of EPW years and CPW years are
shown in Fig.4. The positive GPI anomaly over the WNP
shifted to central Pacific in SO” during EPW years, hence
the negative GPI anomaly dominated most areas of the
WNP (Fig.4a). This GPI anomaly dipole pattern induced
the decreased TC storm-days over the west part of the
WNP and increased TC storm-days over the east part of
the WNP (Fig.1c). The main contributing factors to the
negative GPI anomaly over the South China Sea and
Philippine Sea were 700 hPa relative humidity (Fig.4g)
and low-level vorticity (Fig.4c). The key factors that
caused the negative GPI anomaly to the east of the Phil-
ippine Sea are the 700 hPa relative humidity (Fig.4g) and
the vertical wind shear (Fig.4i). The negative low-level
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Fig.4 GPI anomaly in SO’ of EPW years (a) and CPW years (b), and GPI* for (c, d) the low level vorticity, (e, f) PL, (g, h)
the relative humidity and (i, j) the vertical wind shear in SO’ of EPW years (left) and CPW years (right). The solid line
shows the 90% confidence level and the dash line shows the 95% confidence level by #-test.
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vorticity was caused by the Philippine Sea anticyclone
anomaly (Wang ef al., 2000). The anomalous northern
wind on the east part of the anticyclone resulted in nega-
tive humidity anomaly on 700 hPa. The positive GPI
anomaly over the ENP was mainly due to the vertical
wind shear (Fig.4i) and PI (Fig.4e). The positive GPI
anomaly was still dominant over the main area of the
WNP despite the fact that there were negative GPI anom-
aly near Japan and southern part of the Philippine Sea in
SO° of CPW years (Fig.4b). As a result, positive TC ac-
tivities still dominanted the WNP during SO° of CPW
years (Fig.1d). The positive GPI anomaly was mainly due
to the low-level vorticity (Fig.4d) and the relative humid-
ity on 700hPa (Fig.4h). The negative GPI anomalies near
Japan and over the southern Philippine Sea were mainly
owing to the relative humidity (Fig.4h) and vertical wind
shear (Fig.4i) respectively. The positive GPI anomaly
over the ENP was mainly owing to PI (Fig.4f) and the
low-level vorticity (Fig.4d).

The composite of GPI anomaly and GPI* anomaly for
each variable over SP in JFM' during EPW events and
CPW events are shown in Fig.5. In JEM' of EPW years, a
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5 Summary and Discussion

In this study, the influence of two types of El Nifio on
the Pacific tropical cyclone activity has been investigated
by diagnosing the TC frequency and intensity. To
compare the different characters during EPW and CPW
events, TC frequency and intensity are composited on 4
typical EPW years and 4 typical CPW years.

The result shows that in JA? of EPW years, there were
more and stronger TCs over WNP and ENP. In SO°, TC
activity was suppressed over the western part and
enhanced over the eastern part of WNP. In ENP the
maximum anomaly centers also significantly drifted
eastward in SO°. In the fallowing JFM', there were more
TCs over the South Pacific and the maximum center was
located on the west side of date line.

In JA® of CPW vyears, TC activity was increased over
the entire WNP and ENP except over the South China Sea
and the Mexico coast area. This pattern persisted to SO°.
In the fallowing JEM', TC activity increased over SP with
smaller amplitude and a narrower spatial distribution than
that in EPW events.

TC activity anomalies were induced by the thermal-
dynamic changes of large scale circulations in both EPW
and CPW years. To investigate the key factors affecting
TC activities, GPI and GPI* for each parameter were
investigated. During both of CPW and EPW events, the
positive GPI anomaly over WNP was mainly caused by
the positive low level absolute vorticity and 700 hPa
relative humidity anomalies. The negative GPI anomaly
near the Asian coast was mainly due to smaller PI and
larger wind shear in JA° of EPW years. The 700 hPa
relative humidity and the vertical wind shear were the two
key factors that caused negative GPI anomaly in SO° of
EPW years. In contrast, the anomalous GPI over ENP was
mainly owing to the vertical wind shear and the MPI. The
key factors affecting positive GPI over SP in JFM' were
the low-level vorticity, the 700 hPa relative humidity and
the vertical wind shear while the PI and the vertical wind
shear played very important rules in the negative GPI
anomaly.
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