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Abstract: This study investigates the influences of tropical Indian Ocean (TIO) warming on tropical cyclone (TC)
genesis in different regions of the western North Pacific (WNP) from July to October (JASO) during the decaying El Ni
fio. The results show significant negative TC frequency anomalies localized in the southeastern WNP. Correlation
analysis indicates that a warm sea surface temperature anomaly (SSTA) in the TIO strongly suppresses TC genesis south
of 21°N and east of 140°E in JASO. Reduced TC genesis over the southeastern WNP results from a weak monsoon
trough and divergence and subsidence anomalies associated with an equatorial baroclinic Kelvin wave. Moreover,
suppressed convection in response to a cold local SSTA, induced by the increased northeasterly connected by the
wind-evaporation-SST positive feedback mechanism, is found unfavorable for TC genesis. Positive TC genesis
anomalies are observed over higher latitudinal regions (at around 21°N, 140°E) and the western WNP because of
enhanced convection along the northern flank of the WNP anomalous anticyclone and low-level convergence,
respectively. Although local modulation (e.g., local SST) could have greater dominance over TC activity at higher
latitudes in certain anomalous years (e.g., 1988), a warm TIO SSTA can still suppress TC genesis in lower latitudinal
regions of the WNP. A better understanding of the contributions of TIO warming could help improve seasonal TC

predictions over different regions of the WNP in years of decaying El Nifio.
Key words: typhoon; tropical Indian Ocean; El Nifio; sea surface temperature anomaly

CLC number: P444 Document code: A
doi: 10.16555/1.1006-8775.2018.03.005

1 INTRODUCTION

El Nifio-Southern Oscillation (ENSO) is regarded
as one of the most important factors that modulate
tropical cyclone (TC) activities in the western North
Pacific (WNP) (Chan!’; Wang and Chan?; Camargo and
Sobel Pl), Many previous studies focused on the impacts
of ENSO’s different phases on the interannual
variability of TC genesis location, frequency, track,
intensity, and life span in the WNP (e.g., Chan!’; Chia
and Ropelewski ; Wang and Chan @, Camargo and
Sobel Pl Chen et al.®; Du et al.¥; Zhan et al.”; Ha et al.®;
Jin et al.”}). TC activities in the east (west) of the WNP
have high (low) genesis frequency, strong (weak)
intensity and long (short) life span during El Nifio, but
they exhibit the opposite features during La Niia. The
influence of ENSO on TC activities is considerable not
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only during El Nifio/La Nifia but also after the
warm/cold events. Moreover, evident interdecadal and
decadal changes in TC activity have also been
recognized over different parts of the WNP. He et al.l'”
revealed that TC genesis has shown an evident decrease
(increase) over the southern (northern) WNP since the
late 1990s on the decadal time scale. Chan M first noted
that TC genesis frequency over the entire WNP basin
was below the climatological mean after El Nifio. TC
activities have close dependence on the behaviors of sea
surface temperature via the supply of surface latent heat
fluxes (Ma et al.l'""")). Recent studies have revealed that
a warm sea surface temperature anomaly (SSTA) in the
tropical Indian Ocean (TIO) forces an equatorial
baroclinic Kelvin wave to emanate toward the western
Pacific after El Niiio events (Yang et al.l'; Xie et al.'®'"),
which exerts notable influence on the East Asia summer
climate. Essentially, the baroclinic Kelvin wave induces
both an equatorial easterly anomaly and an anomalous
anticyclone, representative of the most pronounced
lower-troposphere circulation anomaly over the western
Pacific, which is maintained by the warm TIO and local
WNP SSTASs during the decaying El Niiio (Wang et al.l'¥,
Yang et al.["); Xie et al.!'l; Wu et al.[" ). Therefore,
significant negative correlation exists between TC
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frequency in the WNP and the TIO SSTA, suggesting
that a warm SSTA in the TIO suppresses TC genesis
over the entire WNP throughout the period of the
anomalous anticyclone. In particular, suppressed TC
activities appear over the WNP in summer following
strong El Nifio events (Du et al.¥; Zhan et al.”2; Tao
et al. ™). Du et al. @ proposed that the equatorial
baroclinic Kelvin wave in the troposphere, forced by a
warm SSTA in the TIO, could induce low-level
divergence off the equator and suppress convection over
the WNP. Moreover, strong easterly anomalies
associated with the Kelvin wave could increase the
magnitude of the vertical shear over the WNP, which
could be wunfavorable for TC activities during
July-September following a strong El Nifio. Zhan et al.l”
suggested that TC genesis frequency decreases over the
entire WNP during June-October in warm TIO years
because of the effects of a weak western Pacific
summer monsoon and the Kelvin wave activity. Tao et
al.™ further demonstrated that TC frequency decreases
markedly over the WNP during warm TIO years with a
more systematic method and a longer time period
reanalysis data of 63 years.

Although the anomalous anticyclone suppresses TC
activities and leads to decreased TC frequency over the
entire WNP during the summer following El Nifio, TC
frequency appears higher than the climatological mean
in the South China Sea (SCS) (Fig. 3b of Du et al.®),
As the mean vertical shear in the subtropical WNP is
casterly (westerly) to the west (east) of 150° E, the
strong easterly anomalies associated with the Kelvin
wave reduce the magnitude of the vertical shear in the
SCS, which is favorable for TC genesis within the
region. In addition, Wu et al. ™ proposed that the
anomalous anticyclone in the WNP gradually weakened
with the decay of a warm SSTA in the TIO. Thus, an
increasing local warm SSTA could enhance convection
and further result in positive precipitation anomalies
over the SCS and western parts of the WNP in the late
summer and subsequent fall in the year of a decaying El
Nifio. Furthermore, high moisture levels and enhanced
convection might promote TC activities in these regions,
implying that discrepant features of TC genesis
modulated by the large-scale circulation and
environmental conditions could exist in different regions
of the WNP. However, hitherto, the discrepancy of TC
genesis frequency over different regions of the WNP
during warm TIO years following El Nifio has not been
revealed in detail. Therefore, the objectives of this study
were to establish the discrepancies and detailed features
of TC genesis frequency over different regions of the
WNP during the years of decaying El Nifo, and to
determine how a warm SSTA in the TIO might
modulate regional anomalies of TC genesis frequency
over the WNP. To illustrate the mechanisms of regional
TC frequency anomalies, we examined the anomalies of
TC genesis frequency in different regions of the WNP,

and we determined the effects of TIO warming on the
large-scale circulation and environmental conditions
over the WNP.

The remainder of this paper is organized as
follows. The datasets and methodology used in the study
are described in section 2. The detailed features of TC
frequency anomalies over the WNP during warm TIO
years following El Nifio are presented in section 3. The
mechanisms via which TC activity anomalies are
modulated by TIO warming are discussed in section 4.
Finally, the main conclusions are presented in section 5.

2 DATA AND METHODOLOGY

We investigated anomalies of TC genesis
frequency during the season of peak TC activity
(summer and subsequent fall) from July to October
(JASO) during 1979-2010 over the WNP (including the
SCS). The TC best-track dataset, obtained from the
Regional Specialized Meteorological Center of the
Japan Meteorological Agency, comprises TC positions
at 6-h intervals over the WNP and the SCS. The
incorporation of satellite data after the 1970s has
improved the quality of TC positioning in best-track
datasets considerably. In this study, TCs that reached at
least tropical storm intensity based on the Japan
Meteorological Agency scale were considered. To
calculate TC genesis frequency, each position of TC
genesis was binned into its corresponding 2.5° x 2.5°
grid box. The anomalies of TC genesis frequency and
the associated significance levels were calculated
directly based on the warm years and the climatological
mean of each grid point. Thus, the contours
straightforwardly —present TC genesis frequency
information based on the best-track datasets. The
monthly Nifio-3.4 index, Merged Analysis of
Precipitation (Xie and Arkin ™), outgoing longwave
radiation data, and Extended Reconstructed SST (Smith
et al.?) were obtained from the U.S. National Oceanic
and Atmospheric Administration, and the TIO SST
index was extracted from the Extended Reconstructed
SST reanalysis averaged within 20°S-20°N, 40°-110°E.
The TIO SSTA index was extracted based on the
area-weighted mean SSTA within 20°S-20°N, 40°-~110°E
averaged from April to October. It should be noted that
this was necessary because of the significant correlation
between the spring and summer TIO SSTA and the
WNP TC activity (Table 1 of Zhan et al. ™). The
reanalysis data were obtained from the National Centers
for Environmental Prediction/National Center for
Atmospheric Research (Kalnay et al.™).

Correlation and composite analysis methods were
applied in this study. El Nifio years were defined based
on a threshold of one standard deviation from the
averaged Nifio-3.4 index in JASO during 1979 -2010,
and the corresponding subsequent years were defined as
El Nifio decaying years. Moreover, the decaying years
had to be located above the 25th percentile of the TIO
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SST index to satisfy the existence of significant
warming in the TIO. Thus, the six warm TIO years
following El Nifio events were identified in this study as

1983, 1988, 1998, 2003, 2005, and 2010 (Fig.1). A
i-test was used

Student’s

to examine

statistical

significance.

31 === TIO ‘SSTA TC Fre
s NIiNO—3.4

1980 1985 1990 1995 2000 2005 2010

Figure 1. Interannual variations of normalized TC genesis frequency, TIO SSTA and Nifio-3.4 indices during JASO. The triangle
indicates the six warm TIO years following El Nifio events used in this study.

3 TC FREQUENCY ANOMALIES

Suppressed TC activity in the WNP is considered
the most dominant feature during the summer following
El Nifio events (Chan!; Chia and Ropelewski®™; Wang
and Chan @; Chen et al.”’), as shown by the locations
and anomalies of TC genesis frequency over the WNP
in Fig.2. Negative anomalies of TC genesis frequency
can be observed in a zonal band between 10°N and 20°
N of the WNP. In particular, significant negative
anomalies are located in areas south of 20°N and east of
140° E, which is generally regarded as the southeast
quadrant of the WNP. Significant positive anomalies of
TC genesis frequency can be observed in the region
north of 20°N around 120-140°E, the SCS, and east of

the Philippines in a region centered on 12°N, 135°E,
with lower spatial distribution in higher latitudinal
regions. It has been found that an SSTA in the TIO
plays an important role in modulating the circulation
over the WNP, and that it further controls the
interannual variability of TC genesis, especially during
the El Nifio decaying years (Du et al.'; Zhan et al."™).
To explore the regional features of influence of a TIO
SSTA on TC genesis over the WNP, the correlation
coefficients between TC genesis frequency on a 2.5°x
2.5° grid and the TIO SSTA index during 1979-2010
are shown in Fig. 3a. The distribution of the correlation
indicates discrepant influences of the TIO SSTA on TC
genesis over different regions of the WNP. Negative
correlation appears in most WNP regions, and

TC activities over JASO
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Figure 2. TC genesis in JASO. Positions of TC formation are marked as solid dots and open circles to indicate those in the 6
warm TIO years and other years during 1979-2010, respectively. The positive (negative) anomalies of TC genesis frequency are
indicated by solid (dashed) contours, which start from 0.2 (-0.2) with an interval of 0.1; dark (light) shades indicate areas where
the positive (negative) differences are statistically significant at the 95% confidence level by the i-test. The numbers in the
lower-right corner indicate the TC frequencies of the composite warm TIO year and climatological means in JASO.
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significantly in the region 10-20°N, 140-150°E and
around 8°N, 155°E, all of which are located in the
southeastern WNP. Meanwhile, positive correlation
between TC frequency and the TIO SSTA index can be
observed in the western WNP, although the values are
below the 95% confidence level of statistical
significance. To investigate the specific
latitudes/longitudes of the impact of a TIO SSTA on TC
genesis over the WNP, the correlation coefficients
between TC frequency over regions south (east) of
various latitudes (longitudes) and the TIO SSTA index

were calculated and shown in Fig.3b and 3c. The most
significant zonal negative correlation between TC
frequency and the TIO SSTA index exists at around 21°N
in the WNP, where the absolute value of the correlation
coefficient reaches the maximum (-0.48) above the
99% confidence level. Meanwhile, the most significant
meridional negative correlation is evident at around
140°E, which also reaches the maximum (-0.48) above
the 99% confidence level. This result corresponds to the
finding of negative correlation between a TIO SSTA
and TC genesis over the southeastern WNP.
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Figure 3. (a) TC genesis frequency on 2.5°x 2.5° grid correlation with the TIO SSTA index in JASO from 1979 to 2010; shades
indicate areas where the correlation coefficients are statistically significant at the 95% confidence level. (b) Latitudinal and (c)
Longitudinal distribution of TC genesis frequency correlation with the TIO SSTA index in JASO from 1979 to 2010, for example,
the correlation coefficient at 21°N in (b) indicates that between the TC genesis frequency south of 21°N and the TIO SSTA index,
and the correlation coefficient at 140°E in (c) indicates that between the TC genesis frequency east of 140°E and the TIO SSTA
index. Short and long dashed lines in (b) and (c) indicate significance test at the 99% level and the most significant latitude or

longitude, respectively.

We examined the numbers of TCs formed over the
WNP (Table 1). It was established that 15.5 TCs
formed during JASO in warm TIO years annually, i.c.,
2.3 fewer than the climatological mean (17.8) during
1979-2010. There were 14.0 (6.8) TCs that formed to
the south (east) of 21°N (140°E), significantly fewer by
2.5 (3.1) than the climatological mean of 16.5 (9.9).
Furthermore, the number of TCs to the north (west) of
21°N (140°E) was 1.5 (8.7), i.e., 0.2 (0.8) more than the

climatological mean of 1.3 (7.9). Therefore, the
distributions of TC genesis frequency are discrepant
over the different regions of the WNP in warm TIO
years following El Nifio events. This suggests that a
warm TIO SSTA strongly suppresses TC genesis to the
south of 21°N and to the east of 140°E during the
season of peak TC activity following El Nifio, but that it
slightly enhances TC activity to the north of 21°N and
to the west of 140°E.

Table 1. TC genesis frequency over the WNP, positive (negative) value in parentheses indicates TC frequency in the warm TIO
years annually larger (smaller) than that in the climatological mean.

Warm TIO mean Climatological mean

Entire WNP 15.5(-2.3) 17.8
South of 21°N 14.0(-2.5) 16.5
North of 21°N 1.5(0.2) 1.3
East of 140°E 6.8(=3.1) 9.9
West of 140°E 8.7(0.8) 7.9
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4 MECHANISMS

Figures 4 and 5 show the environmental variables
of JASO in the composite warm TIO year and the
climatological mean, respectively. The warm SSTA in
the TIO during the spring of the El Nifio decaying year
forces an equatorial baroclinic Kelvin wave to trigger
easterly anomalies over the tropical western Pacific.
These maintain the anomalous anticyclone and negative
relative vorticity anomalies in the lower troposphere
over the WNP, which persist through the subsequent fall
and winter (Klein et al.*; Ha et al.”"). The anomalous
circulation induced by the equatorial Kelvin wave is
consistent with the Matsuno-Gill pattern (Matsuno *;

a) SSTA & Tropospheric T
40N ) pospher

EQ

Gill™), which can be seen in the pattern of tropospheric
warming shown in Fig.4a. During summer and the
subsequent fall, the warm SSTA in the TIO dissipates
gradually, and the largest warm SSTA shifts eastward
toward the Maritime Continent and the WNP (Fig.4a).
The anomalous anticyclone is located over the WNP,
centered on 20°N, 150°E (Fig.4b). The weak monsoon
trough with negative relative vorticity anomalies is
observed in a band from southern China to the date
line, close to the equator (Fig.4b), which forms in
response to the reduced land —sea thermal contrast
associated with the underlying warm SSTA over the
WNP.
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Figure 4. Environmental variables in JASO in the composite warm TIO year. (a) SSTA (shades; °C) and tropospheric (200-925
hPa) temperature anomaly (contour; °C); (b) wind field (arrow; m s™), streamfunction (contour; 10° m? s™'), and relative vorticity
(shades; 10 s") anomalies at 850 hPa; (c) precipitation (shades; mm day™) and OLR (contour; W m™) anomalies; (d) 925 hPa
divergence (contour; 10 s™) and vertical shear (200 hPa-850 hPa) magnitude (shades; m s™) anomalies. Regions enclosed by
purple solid (green dashed) thick contours indicate areas where the positive (negative) anomalies of TC genesis frequency in JASO
in the composite warm TIO year are statistically significant at the 95% confidence level by i-test.

The decreased TC genesis frequency over the
southeastern WNP during the summer and subsequent
fall of an El Nifo decaying year can be attributed to
three factors. First, the extensive warm SSTAs over the
Maritime Continent area and the WNP reduce the
land-sea thermal contrast (Fig.4a), which weakens the
East Asian summer monsoon observed south of 20°N
with negative relative vorticity anomalies. Previous
studies have suggested the genesis of most TCs over the
WNP is linked to the summer monsoon trough (e.g.,

Lander®) ; therefore, a weak monsoon leads to
suppressed TC activities and negative anomalies of TC
genesis frequency south of 21°N. Second, the easterly
anomalies associated with the equatorial Kelvin wave
induce anomalous divergence in the lower troposphere
south of 20°N, 120-180°E (Fig.4d), and the resultant
subsidence anomalies in this region provide
contributions to reduced precipitation and suppressed
convection (Fig.4c). These conditions are unfavorable
for TC genesis. Third, the anomalous anticyclone
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(centered on 20° N, 150° E) is superimposed on the
easterly over the WNP (Fig.4b), which strengthens the
easterly flow in the equatorial region and reduces that
off the equator. The intensified (reduced) easterly along
the southern (northern) flank of the anomalous
anticyclone triggers the wind —evaporation—SST (WES)
feedback mechanism (Xie and Philander BY) with
increased  (decreased) evaporation and decreased
(increased) heat within the sea surface south (north) of
20°N. This results in the extension of a colder (warmer)
SSTA in (off) the equatorial region (Lau and Nath®¥),
The negative (positive) precipitation anomalies and
suppressed (enhanced) convection south (north) of 20°N

20N
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(c) Precipitation & OLR

over the WNP are closed to the local SSTA associated
with the process of WES feedback. Furthermore, the
moisture and convection conditions have considerable
effect on TC activities over the WNP, which exhibit
negative anomalies of TC frequency south of 21°N, but
slightly enhanced TC activities over higher latitudes.
The reduced magnitude of vertical shear also provides
some contribution to increased TC genesis in the SCS
and western WNP  (Fig.4d). This results from the
superimposition of intense easterly anomalies in the
lower troposphere to the climatological mean easterly
vertical shear to the west of 150°E over the subtropical
WNP.
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(d) 925hPa Divergence & Vertical shear
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Figure 5. Same as in Fig.4, but for the climatological environmental variables.

Although 1988 was a warm TIO year following a
strong El Nifio event, it should be noted that TC
activities in JASO during that year showed some
peculiar features compared with other years in the
composite analysis. For instance, TC numbers over the
entirce WNP in JASO were 14.0 and 23.0 averaged over
warm TIO years (1983, 1998, 2003, 2005, and 2010)
and in 1988, respectively, but there were 1.6 and 10.0
TCs to the north of 21°N, respectively. It is suggested
that total TC frequency in 1988 was significant higher
than the climatological mean of warm TIO years over
the entire WNP. Moreover, enhanced TC activities were
confined mainly to the higher latitudinal regions over
the WNP but not south of 21° N. Although the
environmental variables in JASO in the composite warm

TIO years (except 1988) were very close to the
composite results shown in Fig.4 (not shown), it remains
important to determine why so many TCs formed north
of 21°N over the WNP in 1988. The environmental
variables in JASO in 1988 are shown in Fig.6. A warm
SSTA stretched from the TIO to the WNP, which
heated the troposphere and forced an equatorial Kelvin
wave to propagate eastward along the equator (Fig.6a).
The easterly anomalies in the tropical Pacific enhanced
the negative vorticity and divergence anomalies in the
lower troposphere to the south of 21°N (Fig.6b and 6d),
and decreased (increased) the magnitude of vertical
shear in the west (east) of the tropical Pacific.
Compared with the variables in Fig.4, it is clear that the
environmental conditions as well as the TC activities
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south of 21°N in 1988 strongly resembled those in other
warm TIO years. However, the environmental variables
to the north of 21°N exhibited some differences. As
shown in Fig.6c, enhanced convection with strong
precipitation dominated in the region 18-35°N, 110-
170°E (Fig.6¢c), which led to further TC genesis. The
anomalous atmospheric circulation in JASO during 1988
near 30°N in the WNP (Fig.6b) is similar to the
teleconnection of Pacific-Japan (PJ) wave trains in the
boreal summer (Nitta®!), indicating that the
intraseasonal variation and teleconnection had greater
impact on TC activity in the higher latitudinal regions in
JASO during that year. Therefore, the influence of a
warm SSTA in the TIO on TC activity over the WNP is

concentrated mainly in lower latitudinal regions of the
WNP, which is a feature common with warm TIO years
following El Nifio. Moreover, other climate signals(e.g.,
the PJ teleconnection) in higher latitudes could be
dominant factors that modulate TC activity in certain
anomalous years such as 1988. In addition, a cold
SSTA in the equatorial central-eastern Pacific (Fig.6a),
also has significant impact on the atmospheric
circulation through the Rossby wave response shown in
the pattern of tropospheric cooling in the lower latitudes
(Fig.6a). Thus, the intensified anomalous anticyclone
induced by this cold SSTA suppressed convection in the
eastern WNP, which further reduced TC frequency
south of 21°N in 1988.
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Figure 6. Environmental variables during JASO in 1988. (a) SSTA (shades; °C) and tropospheric (200-925 hPa) temperature
anomaly (contour; °C); (b) wind field (arrow; m s™), streamfunction (contour; 10° m? s™), and relative vorticity (shades; 10 s™)
anomalies at 850 hPa; (c) precipitation (shades; mm day™') and OLR (contour; W m™) anomalies; (d) 925 hPa divergence (contour;
10 s7) and vertical shear (200 hPa-850 hPa) magnitude (shades; m s) anomalies. Regions enclosed by purple solid (green
dashed) thick contours indicate areas where the positive (negative) anomalies of TC genesis frequency during JASO in 1988 are

larger (smaller) than 0.5 (=0.5).

S CONCLUSIONS

This study investigated the anomalies of TC
genesis frequency over different regions of the WNP
during the season of peak TC peak activity following El
Nifio. Furthermore, it examined the influences of TIO
warming on the large-scale circulation and
environmental conditions over the WNP to illustrate the
mechanisms responsible for the TC frequency
anomalies. The main conclusions derived are as follows.

TC genesis frequency is discrepant in different regions
of the WNP in JASO following El Nifio. Negative
anomalies occur in a zonal band between 10°N and 20°
N of the WNP, and significant negative anomalies are
localized in the southeastern WNP. Significant positive
anomalies of TC genesis occur in the SCS and western
WNP, but with smaller spatial scales and in higher
latitudinal regions relative to the negative anomalies.
The significant negative correlation between TC
frequency and the TIO SSTA index in JASO during
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1979-2010, concentrated in the southeastern WNP (but
especially in the region to the south of 21°N and to the
east of 140° E), indicates that a warm TIO SSTA
strongly suppresses TC genesis in the southeastern WNP
during El Niio decaying years; however, it provides
some contribution to enhanced TC activity to the north
of 21°N and to the west of 140°E.

The decreased TC genesis frequency over the
southeastern WNP during the El Nifio decaying summer
and the subsequent fall can be attributed to three
factors. Extensive warm SSTAs over the Maritime
Continent area and the WNP reduce the land —sea
thermal contrast, which weakens the East Asian summer
monsoon observed south of 20°N with negative relative
vorticity anomalies. Thus, the weak monsoon leads to
negative anomalies of TC genesis south of 21°N.
Easterly anomalies associated with an equatorial
baroclinic Kelvin wave induce divergence and
subsidence anomalies in the lower troposphere south of
20°N, 120-180°E, which are also unfavorable for TC
genesis. An anomalous anticyclone superimposed on the
easterly over the WNP strengthens the easterly flow in
the equatorial region and reduces that off the equator.
The intensified (reduced) easterly along the southern
(northern) flank of the anomalous anticyclone triggers
the WES feedback mechanism with increased
(decreased) evaporation and decreased (increased) heat
contained within the sea surface south (north) of 20°N,
which results in extension of the colder (warmer) SSTA
in (off) the equatorial region. Therefore, the negative
(positive) precipitation anomalies and suppressed
(enhanced) convection south (north) of 20°N, associated
with the local SSTA, significantly affect TC activities
over the WNP, which exhibit negative anomalies of TC
frequency south of 21° N but slightly enhanced TC
activities over higher latitudes. In addition, the reduced
magnitude of vertical shear contributes to increased TC
genesis in the SCS and the western WNP because of the
superimposition of intense easterly anomalies in the
lower troposphere to the climatological mean easterly
vertical shear west of 150°E over the subtropical WNP.
Furthermore, the special case of 1988 indicates that
reduced TC frequency modulated by a warm TIO SSTA
is concentrated mainly in lower latitudinal regions of
the WNP, which is a feature common with warm TIO
years following FEl Nifio. However, other local
modulation could have a more dominant impact on TC
activity over higher latitudes. Better understanding of
the contributions of TIO warming could help improve
seasonal prediction of TC activities over different
regions of the WNP for El Niiio decaying years.
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