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ABSTRACT

Five sets of model sensitivity experiments are conducted to investigate the influence of tropical cyclone
(TC) genesis location and atmospheric circulation on interannual variability of TC intensity in the western
North Pacific (WNP). In each experiment, bogus TCs are placed at different initial locations, and simulations
are conducted with identical initial and boundary conditions. In the first three experiments, the specified
atmospheric and SST conditions represent the mean conditions of El Niño, La Niña, and neutral years. The
other two experiments are conducted with the specified atmospheric conditions of El Niño and La Niña years
but with SSTs exchanged. The model results suggest that TCs generated in the southeastern WNP incurred
more favorable environmental conditions for development than TCs generated elsewhere. The different TC
intensities between El Niño and La Niña years are caused by difference in TC genesis location and low-level
vorticity (VOR). VOR plays a significant role in the intensities of TCs with the same genesis locations
between El Niño and La Niña years.
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1. Introduction

Tropical cyclone (TC) activity over the western
North Pacific (WNP) is a complicated issue. This ac-
tivity is modulated by atmospheric or oceanic variabil-
ity (or both) on various time scales, for example, by
the Madden-Julian Oscillation (MJO) on intraseasonal
time scale (e.g., Sobel and Maloney, 2000; Huang et al.,
2011), by the El Niño-Southern Oscillation (ENSO) on
interannual time scale (e.g., Chan, 1985; Chen et al.,
1998, 2004), and by long-term oceanic variations on
interdecadal time scale (e.g., Matsuura et al., 2003;
Chan, 2008; Wang and Clark, 2010). Because of its
particular concern to the public, many researchers
have dedicated their efforts to investigating the rea-
sons for the interannual variability of TCs.

On interannual time scale, the effects of ENSO on
TC activity in the WNP have been the focus of many

studies. Through cross-spectral analysis, Chan (1985)
found that TC activity and the Southern Oscillation
show significant coherence in spectral peak, with a pe-
riod of 3 to 3.5 years. Using a high-resolution coupled
atmosphere-ocean model, Iizuka and Matsuura (2008)
suggested that the annual number of TCs is below nor-
mal during the following years of El Niño and above
normal during the years before El Niño. However,
while the correlation between ENSO and the annual
total of TCs is not significant (Lander, 1993, 1994), the
displacement of annual location of TC genesis in the
WNP is associated with ENSO. In El Niño years, TCs
are generated mostly in the southeast quadrant of the
WNP, whereas in La Niña years, TCs are generated
mostly in the northwest quadrant (Wang and Chan,
2002; Camargo et al., 2007a). Chan (1985) considered
the displacement to be a consequence of the shifts of
tropical atmospheric circulation; under El Niño condi-

∗Corresponding author: ZHOU Yang, yangzhou@nju.edu.cn

© China National Committee for International Association of Meteorology and Atmospheric Sciences (IAMAS), Institute of Atmospheric
Physics (IAP) and Science Press and Springer-Verlag Berlin Heidelberg 2013
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tions, an anomalous Walker circulation is set up with
upward current in the central equatorial Pacific and
downward current in the western equatorial Pacific.
Chen et al. (1998) suggested that the extension of the
monsoon trough across 150◦E influences the eastward
displacement of the TC genesis locations and that the
retreat of the monsoon trough influences the westward
displacement of TC genesis. Wang and Chan (2002)
attributed the eastward displacement of TC genesis
location to the increase of the low-level vorticity gen-
erated by the equatorial westerly associated with El
Niño. Generally, ENSO modulates atmospheric circu-
lation, which influences the TC genesis location in the
WNP.

In addition to TC genesis, ENSO also influences
TC intensity in the WNP. Recently, Camargo and So-
bel (2005) revealed that the accumulated cyclone en-
ergy of TCs in the WNP is positively correlated with
the ENSO, and TCs in El Niño years are stronger and
of longer duration than TCs in La Niña years. TCs
that occur during El Niño years tend to form farther
eastward with longer over-water tracks that contribute
to increased intensity. Chan and Liu (2004) suggested
that the interannual variation of TC intensity (as well
as the annual number of TCs) in the WNP is not re-
lated to the variability of local SST but to the vari-
ability of atmospheric circulation. The results of these
studies indicate that ENSO influences TC genesis lo-
cation, which is related to TC intensity. In addition,
ENSO-modulated atmospheric circulation affects TC
intensity by providing suitable (or unsuitable) envi-
ronments. In this study, model sensitivity experiments
are used to explore the “separate” influence of the TC
genesis location and the atmospheric circulation on TC
intensity in the WNP. The experiments are designed to
examine differences in TC intensity during neutral, El
Niño, and La Niña conditions. (The influence of the
atmospheric circulation on the genesis of a cyclonic
vortex is not considered in the experiments.)

In section 2, data and the model experiments are
described. Section 3 presents the analysis of the model
results. Section 4 provides discussions and conclusions.

2. Data and model experiments

2.1 Data

The TC track and intensity of observations dur-
ing June–November 1965–2009 in the WNP are ob-
tained from the US Joint Typhoon Warning Center
(JTWC). TCs generated in the area of 2.5◦–22.5◦N,
117.5◦–172.5◦E are studied.

The selection of El Niño, La Niña, and neutral
years is based on the ENSO index of 1965–2009, which
is obtained from the US National Oceanic and At-

mospheric Administration/Climate Prediction Center
(NOAA/CPC, http://www.cpc.noaa.gov). This index
has been defined according to SST in Niño3.4 region
(5◦S–5◦N, 120◦–170◦W; e.g., Trenberth, 1997; Pielke
Jr and Landsea, 1999). An El Niño year is identified
when the anomaly of the Niño3.4 SST during July–
September of that year is above 0.5◦C with reference
to SST average during July–September of 1971–2000.
A La Niña year is identified when the anomaly of the
Niño3.4 SST during July–September of that year is be-
low −0.5◦C. The remaining years are considered neu-
tral years. During 1965–2009, there are 12 El Niño
years, 9 La Niña years, and 24 neutral years. The
El Niño years are 1965, 1972, 1982, 1986, 1987, 1991,
1994, 1997, 2002, 2004, 2006 and 2009. The La Niña
years are 1970, 1971, 1973, 1974, 1975, 1985, 1988,
1998, and 1999.

Model input is derived from the reanalysis data
(R1, 6-h intervals) of the US National Centers for
Environmental Prediction/ National Center for Atmo-
spheric Research (NCEP/NCAR, http://dss.ucar.edu;
Kalnay et al., 1996; Kistler et al., 2001). The reanaly-
sis dataset has a 2.5◦×2.5◦ horizontal grid, 17 pressure
levels, and a 192×94 Gaussian grid on the ground. To
explore the effects of the time-mean circulation on TC
intensity, the data during June–November 1965–2009
are separated into three groups according to the defi-
nition of El Niño, La Niña, and neutral years and then
they are averaged according to time. The time mean
fields are used for the initial and boundary conditions
of model simulations.

When the reanalysis fields are averaged, TC sig-
nals are included, but the signals in the 6-h reanalysis
fields are weaker than that in observations because of
the coarse horizontal resolution. Taking the 10-m wind
speed (V10 =

√
u2

10 + v2
10) as an example, we calculate

(1) the V10 average during June–November 1965–2009
(denoted by V10Total), and (2) the V10 average of the
same period but excluding the data within a radius of
5◦ around the TC centers (denoted by V10NTC). The
TC centers are defined according to the best tracks of
the JTWC. The above computation is conducted for
every reanalysis grid in the WNP. We find that the
maximum value of (V10Total−V10NTC)/V10Total is only
0.03 (figure not shown). Thus, the difference between
the mean fields with and without the data around ac-
tive TCs can be ignored.

2.2 Model experiments

The Mesoscale Model version 5 (MM5) developed
by the US Pennsylvania State University and NCAR
is used in this study. This model has been extensively
used to simulate the structure and evolution of TCs
(e.g., Liu et al., 1997, 1999) and to study the influence
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Fig. 1. Model domain (surrounded with dash lines) and
44 initial positions of bogus TCs (spaced by 5◦ and
marked with numbers) in each experiment (Table 1).

of environmental factors on TC intensities (e.g., Frank
and Ritchie, 1999, 2001; Wong and Chan, 2004).

Figure 1 shows the model domain (3.4◦S–40.4◦N,
99.1◦E–179.1◦W) of Mercator projection. The model
has a 90×90-km horizontal grid on 23 sigma levels.
The Betts-Miller cumulus parameterization (Betts,
1986; Betts and Miller, 1986, 1993; Janjic, 1994), the
simple ice moisture scheme (Dudhia, 1989), and the
Hong-Pan planetary boundary layer scheme (Hong and
Pan, 1996) are used.

Five sets of model experiments with differences in
initial fields and boundary conditions are conducted
(Table 1). The first three experiments (NANS, EAES,
and LALS) are defined with initial fields and bound-
ary conditions with respect to neutral, El Niño, and
La Niña years, respectively. The fourth, denoted by
EALS, uses a combination of the atmospheric fields
of El Niño years and the SST of La Niña years. The
fifth, denoted by LAES, uses a combination of the at-
mospheric fields of La Niña years and the SSTs of El
Niño years.

In each experiment, there are 44 TC simulations
(Table 1), for a total of 220 simulations. At the begin-
ning of each simulation, a bogus TC with a radius

Table 1. Five experiments represent conditions of neu-
tral (NANS), El Niño (EAES), La Niña (LALS), combina-
tion of El Niño atmospheric circulation with La Niña SST
(EALS), and combination of La Niña atmospheric circula-
tion with El Niño SST (LAES).

Mean Atmospheric
Experiments Circulation Mean SST

NANS Neutral (NA) Neutral (NS)
EAES El Niño (EA) El Niño (ES)
LALS La Niña (LA) La Niña (LS)
EALS El Niño (EA) La Niña (LS)
LAES La Niña (LA) El Niño (ES)

of 200 km and maximum wind speed of 5 m s−1 is
placed at one of the 44 locations (Fig. 1). Each TC
is simulated for 15 days from the starting location,
and the output is saved at 3-h intervals. The details
of the TC bogussing method can be found in the re-
port by Lownam and Davis (2001). The locations in
Fig. 1 are spaced by 5◦ in the area of 5◦–20◦N, 120◦–
170◦E. Thus, the 44 simulations in each experiment
represent the evolution of TCs from 44 different gen-
esis locations, but under the same mean atmospheric
and oceanic conditions.

3. Model results

3.1 Relationship between TC intensities and
TC genesis locations

Modeled TC intensities under the mean environ-
mental conditions are analyzed first. At each time in-
terval of model output (3 h), modeled TC intensity is
defined as the maximum wind speed (at 10 m) around
the TC center, which is located according to the min-
imum sea level pressure of the TC. Modeled TC in-
tensity during the 15-day simulation is defined as the
maximum value of the instantaneous intensities.

Figure 2 shows the statistics of the 220 modeled
TC intensities. The TC intensity ranges (Fig. 2a) in
the experiments with the same atmospheric circula-
tion are quite similar (EAES vs. EALS and LALS
vs. LAES). The variance of the TC intensities under
El Niño atmospheric conditions (EAES and EALS)
is larger than the variance under the La Niña con-
ditions (LALS and LAES). The standard deviations
(SD) are 6.1 m s−1 (EAES), 4.1 m s−1 (LALS), 6.1
m s−1 (EALS), 4.6 m s−1 (LAES), and 5.2 m s−1

(NANS). The standard deviation of the 220 modeled
TC intensities is 5.4 m s−1. The mean TC intensities
(Fig. 2a, blue asterisks) under El Niño and neutral at-
mospheric conditions (EAES, EALS, and NANS) are
smaller than those intensities under La Niña atmo-
spheric conditions (LALS and LAES), but the differ-
ences are not significant. The average of the 220 TC
intensities is 31.6 m s−1. The weak TCs (631.6–5.4
m s−1) in EAES, EALS, and NANS are more than
those of TCs in LALS and LAES (Fig. 2b; TC frequen-
cies of EALS and LAES are not shown). However, the
strong TCs (>31.6+5.4 m s−1) under El Niño atmo-
spheric conditions are more frequent than those TCs
under the La Niña atmospheric conditions. There are
more TCs with the intensities within 1 SD under La
Niña atmospheric conditions.

Figure 3 shows the spatial distribution of the inten-
sity anomalies of the 220 TCs. An anomaly is defined
as the standardized intensities of the 220 TCs. If a TC
has a positive intensity anomaly, a solid circle is
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Fig. 2. (a) Box plot of the modeled TC intensities in each experiment. The central red line indi-
cates the median of TC intensities; the upper and bottom edges of the blue box are the 75th and
25th percentiles, respectively. The black dashed line extends to the most extreme TC intensities,
but outliers are not considered. The blue asterisk represents the mean TC intensity of each ex-
periment. The x-axis and y-axis represent five experiments and TC intensity respectively. (b) TC
intensity-frequency histogram for EAES, LALS, and NANS. The x-axis and y-axis represent TC
intensity and frequency respectively.

Fig. 3. TC intensity anomalies (standardized TC intensities) from model experiments, including
(a) EAES, (b) LALS, (c) EALS, (d) LAES, and (e) NANS. A solid circle indicates that the inten-
sity of a TC is stronger than the mean intensity and an open circle indicates that the intensity of
a TC is weaker than the mean intensity (see text for details). The sizes of the circles represent
the magnitudes of the anomalies. The legends in panel (a) show one positive (negative) standard
deviation.
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Fig. 4. TC genesis numbers of observations (see text for
details). Under (a) El Niño, (b) La Niña, and (c) neutral
conditions, each number is in a 5◦ × 5◦ box (the centers
of the locations are shown in Fig. 1). There are 12 El
Niño years, 9 La Niña years, and 24 neutral years during
1965–2009, and the genesis rate in each box is the genesis
number divided by the number of years under each of the
conditions.

marked at the initial location of this TC, and if a
TC has a negative intensity anomaly, an open circle
is marked at the initial location of this TC. The size
of the circle represents the magnitude of the anomaly.
The model results suggest that TCs generated in the
southeastern WNP are stronger than TCs generated
elsewhere. Generated in the southeastern WNP, TCs
under El Niño atmospheric conditions (EAES and
EALS, Figs. 3a and c) are stronger than TCs under
La Niña atmospheric conditions (LALS and LAES,
Figs. 3b and d). TCs under neutral conditions (Fig. 3e)
are weaker than TCs under the rest of the condi-
tions, except that TCs at 5◦N in the eastern WNP
are stronger than those TCs under La Niña conditions.
Generated in the northern and western tropical WNP,
TCs under La Niña conditions are stronger than TCs
under the rest of the conditions. However, observa-
tions under each of the real conditions show that more

than one TC may be generated in a particular location
(Fig. 1); hence the variability of TC genesis rate should
be considered. The genesis rates are calculated based
on the JTWC best track data. The first TC location
on record in the JTWC data is taken as the TC genesis
location. TC genesis number (Fig. 4) in a 5◦×5◦ box
with the center of every location in Fig. 1 is counted
for El Niño (Fig. 4a), La Niña (Fig. 4b), and neutral
(Fig. 4c) years, respectively. In each of the boxes, TC
genesis rate is defined as the genesis number divided by
the total years under each of the conditions. There are
more TCs generated in the southeastern tropical WNP
and less TCs generated in the southwestern tropical
WNP in El Niño years than in La Niña years. In neu-
tral years, TCs are mainly generated in the central
tropical WNP. This finding is consistent with the re-
sults of previous studies (e.g., Wang and Chan, 2002;
Camargo et al., 2007a).

Observed TC genesis rates are then considered and
combined with the modeled TC intensities. In each
case (EAES, LALS, and NANS), the frequency of the
modeled TC intensity in each location is simply multi-
plied by the observed genesis rate in each box in Fig. 4.
For example, if the number in a box under El Niño
conditions (Fig. 4a) is eight and the modeled TC inten-
sity at this location in the corresponding experiment
(EAES) is 19.8 m s−1, 8 TCs with the intensity of
19.8 m s−1 are counted in EAES. Using this method,
the frequency of the modeled TC intensity is counted
in every box in each case (EAES, LALS, and NANS).
The calculation of the genesis rate shows that the av-
eraged TC intensity (Fig. 5a) decreased from 33.0 to
32.4 m s−1 in LALS, increased from 31.0 to 32.6
m s−1 in EAES, and increased from 30.3 to 31.2 m
s−1 in NANS. The standard deviations of TC inten-
sities become 5.4 m s−1 (EAES), 3.5 m s−1 (LALS),
and 4.6 m s−1 (NANS). The mean intensity of the to-
tal modeled TCs becomes 32.0 m s−1, with a standard
deviation of 4.7 m s−1. When the TC genesis rates
are considered (Fig. 5b), the strong TCs (>32.0+4.7
m s−1) in EAES are still more frequent than TCs in
LALS, but the difference of frequency between EAES
and LALS is larger than that when the genesis rate
difference is not considered (Fig. 2b). Meanwhile, the
frequency of TC intensity within 1 SD in LALS is de-
creasing compared with the case when the TC genesis
rates are not considered. Overall, the TC genesis num-
ber (or rate) in each location has an important influ-
ence on the frequency of strong TCs. In other words,
the more TCs generate in the southeastern WNP, the
more TCs with strong intensities develop.

In Figs. 5c and d, the statistics of the observed
TC intensities during June–November 1965–2009 are
shown. In Fig. 5c, TC intensity range is large in neu-
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Fig. 5. Panels (a) and (b) are similar to Figs. 2a and b, but the TC genesis number and rate at
each location (Fig. 4) are considered in the statistics of the TC intensities (see the text for details).
Panels (c) and (d) are the corresponding boxplot and histogram of observed TC intensities, and (d)
is the annual mean frequency. For panels (a) and (c), the x-axis and y-axis represent three cases
and TC intensity respectively. For panels (b) and (d), the x-axis and y-axis represent TC intensity
and frequency respectively.

tral years and small in La Niña years. The differences
of average TC intensities among El Niño, La Niña,
and neutral conditions are not significant. The mean
intensity of the total observed TCs is 42.0 m s−1 with
a standard deviation of 18.9 m s−1. The frequency of
strong TCs (>42.0+18.9 m s−1) in El Niño years is
more than TCs in La Niña years, as well as the weak
TCs (642.0–18.9 m s−1). This result is in agreement
with the model result.

TC intensities in the model experiments are smaller
than the observations. This difference can be caused
by two reasons. (1) The resolution is coarse in this
study. TC intensity can increase by 6–10 m s−1 ac-
cording to our tests with finer meshes (30 km), but
the much longer time of integration is too costly. (2)
This study focused on the effects of the time-mean at-
mospheric circulation on the TC intensity, so the circu-
lation variability on the other time scales (e.g., MJO,
Fudeyasu et al., 2010) is not considered. Variations

on other time scales are also important for TC inten-
sity changes and can modulate TCs to be stronger or
weaker than those under the time-mean state circula-
tion.

According to the intensity divisions in Fig. 5d (x-
axis), the observed TC genesis locations and tracks
are separated into six groups (Figs. 6 and 7) under
El Niño, La Niña, and neutral conditions. The first
three groups (Fig. 6) are for TCs with intensities of 0–
15 m s−1, 15–30 m s−1, and 30–45 m s−1. The other
three groups (Fig. 7) are for TCs with intensities of 45–
60 m s−1, 60–75 m s−1, and 75–90 m s−1. TC tracks
in each of the intensity groups cover almost the entire
area of 5◦–40◦N, 110◦–160◦E, except the tracks in two
groups: 0–15 m s−1 and 75–90 m s−1. Observed TC
intensity is also related to the genesis location. From
weak intensity to strong intensity, TC frequency in-
creased in the southeastern and central tropical WNP.
In El Niño and neutral years, TCs generated in the
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Fig. 6. Tracks and genesis locations of observed TCs with the intensities of 0–15 m s−1 (top row), 15–30 m s−1

(second row), 30–45 m s−1 (bottom row) in El Niño (left panels), La Niña (middle panels), and neutral (right
panels) years.

southeastern and central tropical WNP are more fre-
quent than those TCs in La Niña years.

Similarly, the modeled TC tracks (Fig. 8a) also
cover the entirety of the observed TC track area in
the WNP. When the TC genesis rates were considered
in calculating the mean modeled TC tracks, similarity
is found between the modeled and observed TC tracks
(Figs. 8b and c). During El Niño years, the mean TC
track is located east of the mean track for neutral
years, whereas in La Niña years, the mean TC track
is located west of the mean neutral track. This result
resembles that of Camargo et al. (2007b), who ana-
lyzed observed TC tracks in WNP. They found that
in El Niño years TCs are typically with the clustered
in the eastern part of the WNP, whereas in La Niña
years TCs are mostly with the clustered in the western
part of the WNP. Furthermore, the TCs in the eastern
WNP are stronger than those in the western WNP.

Overall, TCs generated in the southeastern WNP
are stronger than those TCs generated elsewhere. TCs
in the southeastern WNP under El Niño atmospheric

conditions are stronger (and generated more) than
those TCs under La Niña conditions. The genesis
location has an important influence on the interan-
nual variation of the TC intensity in the WNP. How-
ever, when the TC genesis rates are not considered
(Fig. 3), TCs in the southeastern WNP in EAES are
still stronger than those TCs in LALS. In the follow-
ing subsection, the effects of the atmospheric factors
on TC intensity are discussed.

3.2 Dependence of TC intensity on environ-
mental factors

In the research of Gray (1968), the main environ-
mental factors that are favorable for TC development
are warm SST, small tropospheric vertical wind shear
(VWS), cyclonic low-level relative vorticity (VOR),
and large mid-tropospheric moisture content. In this
study, we define the VOR as the mean relative vor-
ticity of 1000–700 hPa; the VWS is defined as the
absolute value of the zonal wind speed difference be-
tween 200 hPa and 850 hPa (|u200 − u850|). The mid-
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Fig. 7. Similar to Fig. 6 but for the TCs with the intensities of 45–60 m s−1 (top row), 60–75 m s−1 (second row),
and 75–90 m s−1 (bottom row).

Fig. 8. (a) Tracks of 220 modeled TCs, (b) mean tracks of the modeled TC tracks but the real TC genesis rates
(Fig. 4) are considered in each case (EAES, LALS and NANS), and (c) mean TC tracks from observations in El
Niño, La Niña, and neutral years.

tropospheric moisture content is represented by the
relative humidity (RHU) at 600 hPa according to Ca-
margo et al. (2007a).

These factors in the model initial fields are shown
in Fig. 9 for El Niño, La Niña and neutral years. The
SST in El Niño years (Fig. 9a) is lower than that in La
Niña years (Fig. 9b), except for the SST in the trop-
ical area near the dateline. In both the El Niño and
La Niña years, the VOR is positive at low latitudes

and negative at middle latitudes (Figs. 9d and e). The
magnitudes of the VOR in El Niño years are larger
than those magnitudes in La Niña years. At low lat-
itudes, small VWS is found near the dateline in El
Niño years (Fig. 9g) and near 160◦E in La Niña years
(Fig. 9h). At middle latitudes, the VWS in El Niño
years is stronger than that in La Niña years. In the
western WNP, the RHU in El Niño years (Fig. 9j) is
smaller than the RHU in La Niña years (Fig. 9k). In
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Fig. 9. Mean SST and atmospheric circulation fields (model initial fields) in El Niño (left panels),
La Niña (middle panels), and neutral (right panels) years. SST (in ◦C, top row); low level vorticity
(in 1×10−6 s−1, second row); vertical wind shear (in m s−1, third row); and relative humidity at
600 hPa (%, bottom row).

the eastern WNP, the RHU in El Niño years is larger
than in La Niña years. In neutral years (Figs. 9c, f, i,
and l), these fields exhibited distributions resembling
the mean fields between El Niño and La Niña years.

The environmental factors in the initial fields have
shown notable differences between El Niño, La Niña,
and neutral conditions (Fig. 9). We further explore
the dependence of the modeled TC intensities on these
specific factors. For each modeled TC, we calculate the
“along-track averages” of SST, VWS, VOR, and RHU
based on the initial fields. At every time interval, each
factor is first averaged in an area with a radius of 500
km from the center of a modeled TC and then aver-
aged along the TC track before the TC reached the
maximum intensity. This process is repeated for the
220 modeled TCs. Before using the “along-track av-
erages”, the variability of the atmospheric circulation
in each experiment is quantified. For each experiment,
we calculate the spatial correlation between the initial

fields of the VWS, VOR, and RHU and their compos-
ite fields, respectively. The composites represent the
averages during the beginning of the simulations to the
time when TCs reach their maximum intensity. The
spatial correlations between the initial and composite
fields are 0.5 for VOR, 0.7 for RHU, and 0.9 for VWS.
Although there is similarity between the initial and
composite fields, the composite fields are not used to
compute the “along-track averages” because the com-
posite atmospheric fields are distorted by the modeled
TCs.

The correlations between the intensities of the 220
modeled TCs and the corresponding “along-track av-
erages” of SST, VWS, VOR and RHU are calculated.
The TC intensity is significantly correlated with the
SST (0.63), VWS (−0.59), and VOR (0.25) at the 5%
significance level. At low latitudes, the SST is warmer,
the VWS is smaller, and the VOR is larger than at
middle latitudes (Fig. 9). Thus, TCs generated in the
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southeastern WNP are subject to more favorable envi-
ronmental conditions than TCs generated elsewhere.

The modeled TC intensity is not significantly cor-
related with the RHU because at the beginning of
the simulations, the bogus TCs already have cyclonic
structure (figure not shown) that is able to pump the
wet air from the low troposphere up to the medium
troposphere. Because of this “self-supporting” aspect,
the development of the modeled TCs is not sensitive to
the humidity. Previous studies (e.g., Camargo et al.,
2007a) have shown that humidity is very important for
the genesis of TCs in the WNP, but in this study the
genesis process is not considered in the bogus TCs.

After analyzing the relationship between TC inten-
sities and the “along-track averages” of SST, VWS,
VOR, and RHU, we calculated the differences of these
variables (denoted by ∆) between the experiments un-
der El Niño (EAES) and La Niña (LALS) conditions.
The correlations between the TC intensity difference
and the environmental factor difference are 0.01 for the
∆SST, −0.27 for the ∆VWS, 0.53 for the ∆VOR, and
0.15 for the ∆RHU. The correlation with ∆VOR is
at the 5% significance level, but the correlations with
∆SST, ∆VWS, and ∆RHU are not significant. These
correlations imply that in addition to TC genesis loca-
tion, VOR is another reason for more intense TCs in
El Niño years. The large VOR in the WNP is closely
associated to the monsoon trough, which can be iden-
tified by the axis of the large VOR centers (Lau and
Lau, 1992; Wu et al., 2012).

The correlation between TC intensity and the
“along-track averages” and the correlation between the
difference of TC intensities and the differences of SST,
VWS, VOR, and RHU (denoted by ∆) are not nec-
essarily contradictory. The former is for all the 220
modeled TCs with different genesis locations, as well
as different atmospheric and SST conditions. The lat-
ter shows the correlations between the differences of
TC pairs with the same genesis locations. From both
correlations, the model results suggest that (1) if TC
genesis locations are different, the differences in SST,
VWS and VOR all contribute to the differences in TC
intensities; (2) if TCs generate in the same location,
the difference in VOR is another primary factor caus-
ing TC intensity difference between El Niño and La
Niña years.

4. Conclusions and discussions

The influence of TC genesis location and atmo-
spheric circulation on the interannual variability of TC
intensity in the WNP is explored using model sensi-
tivity experiments. The model results suggest that
TCs generated in the southeastern WNP are stronger

than the TCs generated elsewhere, because the atmo-
spheric circulation is more favorable for TC develop-
ment at low latitudes than middle latitudes. In the
observations, more TCs are generated in the south-
eastern WNP in El Niño years than in La Niña years.
Thus, TCs in El Niño years have more chance to be-
come intense than the TCs in La Niña years. Previous
studies have pointed out that the atmospheric circu-
lation in El Niño years is more favorable for the TC
genesis in the southeastern WNP than the circulation
in La Niña years. Camargo et al. (2007a) suggested
that the mid-tropospheric humidity related to El Niño
is one of the important factors for the annual genesis
of TCs. In El Niño years, the monsoon trough in the
WNP also provides favorable low-level vorticity for the
TC genesis (Chen et al., 1998, 2004; Wu et al., 2012).

In addition to location of TC genesis, the monsoon
trough also influences the TC intensity in the WNP.
In the southeastern WNP, the modeled TCs under El
Niño conditions are stronger than the TCs in La Niña
years. For TCs generated in the same location, the dif-
ference of TC intensity between El Niño and La Niña
conditions is significantly related to the VOR differ-
ence. Therefore, VOR is another important factor that
influences the TC intensity difference between El Niño
and La Niña years.

These model experiments have not fully demon-
strated the effect of the SST on TC intensities because
the feedback from SST on TC and the variation of SST
are not considered in the experiments; these are impor-
tant aspects associated with TC intensity. Therefore,
experiments using coupled atmosphere-ocean model
are needed to incorporate the feedbacks from SST on
TC intensity.

In this study, model resolution is coarse and has
a certain influence on the simulation of TC intensity.
However, according to our fine-mesh (30-km) trial ex-
periment (44 TCs in EAES), the resolution does not
change the distribution of the intensity anomalies of
the model TCs, and the fine-mesh study needs further
work. The variance of the modeled TC intensities is
small because in this study we focused on the effects
of the mean-state circulation on TC intensity, and the
circulations at the other scales are not considered (e.g.,
MJO). Those circulations can modulate the TCs to be
stronger or weaker than TCs in the mean state circu-
lation.
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