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ABSTRACT

The relationship between the interannual variation in tropical cyclone (TC) activity over the western
North Pacific (WNP) and the thermal state over the warm pool (WP) is examined in this paper. The
results show that the subsurface temperature in the WP is well correlated with TC geographical distribution
and track type. Their relation is linked by the East Asian monsoon trough. During the warm years, the
westward-retreating monsoon trough creates convergence and vorticity fields that are favorable for tropical
cyclogenesis in the northwest of the WNP, whereas more TCs concentrating in the southeast result from
eastward penetration of the monsoon trough during the cold years. The steering flows at 500 hPa lead to a
westward displacement track in the warm years and recurving prevailing track in the cold years.

The two types of distinct processes in the monsoon environment triggering tropical cyclogenesis are
hypothesized by composites centered for TC genesis location corresponding to two kinds of thermal states
of the WP. During the warm years, low-frequency intraseasonal oscillation is active in the west of the WNP
such that eastward-propagating westerlies cluster TC genesis in that region. In contrast, during the cold
years, the increased cyclogenesis in the southeast of the WNP is mainly associated with tropical depression
type disturbances transiting from equatorially trapped mixed Rossby gravity waves. Both of the processes
may be fundamental mechanisms for the inherent interannual variation in TC activity over the WNP.
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1. Introduction

East Asia summer monsoon systems not only im-
pact the climate in the East Asian continent such as
drought and flood, but also modulate tropical cyclone
(TC) activity through circulation evolution. It is es-
pecially noteworthy that the presence of the monsoon
trough over the western North Pacific (WNP) con-
tributes to dynamic conditions that are favorable for
TC activity. From a climatological perspective, the
monsoon trough axis, which is typically located 5◦–
10◦ latitude poleward of the equator, is defined by
low-tropospheric equatorial westerly or southwesterly
winds and subtropical easterly trade winds. This low-
level cyclonic circulation provides the favorable condi-
tion for TC formation. In addition, the vertical wind
shear approaches zero in the region of the monsoon
trough, which favors the maintenance of TC warm core

structure and TC development. Wang et al. (2006)
pointed out the close relationship between TC activ-
ity and monsoon trough intensity. From climatology
of tropical cyclogenesis over the WNP, McBride (1995)
found more than 75% of classifiable TC genesis oc-
curred in the monsoon trough environment.

The western Pacific warm pool (WP) is known as
a key air-sea coupled region with respect to global cli-
mate variability. The thermal states in the WP can
greatly affect the interannual variations of the East
Asian summer monsoon, such as convection activity
and precipitation distribution (Nitta, 1987; Huang and
Sun, 1992). The changes in position and intensity
of the large-scale Hadley-Walker cells over the WNP
are often significantly modified by tropical sea surface
temperature (SST). In addition, the East Asian mon-
soon circulations coupled with the ocean in the WNP
can have an impact on El Niño-Southern Oscillation
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(ENSO) cycle (Huang et al., 2004). It is shown that
low-level westerly anomalies during the warm state in
the WP region would trigger the warm Kelvin wave
in the ocean to propagate eastwards, and eventually
accelerate El Niño event development. The easterly
anomalies corresponding to the cold state in the WP
lead to the reverse influence. The easterly-westerly
anomalies determine monsoon trough location and in-
tensity to a large degree, and have significant impact
on temporal and spatial variation in TC activity.

Regarding the interannual variation in TC activ-
ity, previous studies draw more attention to the rela-
tionship between ENSO and TC activity (Chan, 2000;
Chia and Ropelewski, 2002; Wang and Chan, 2002).
Due to the definition of ENSO events and analysis
techniques as well as data homogeneity in TC datasets,
there still exist some controversies in the impacts of
ENSO events on interannual variation in TC activity
over the WNP. Some researchers (Chan, 1985; Wu and
Lau, 1992) accept the viewpoint that El Niño events
are closely related to a decrease in the annual total
of TC over the WNP. Some research results (Lander,
1993, 1994) hold the opposite point that El Niño events
are not very closely related to most statistics of storm
frequency. Apart from ENSO-induced impacts, little
is known of what role the thermal states in the WP
play in dominating monsoon circulation as well as TC
activity. Actually, the phases of ENSO events usu-
ally peak in the winter season while the active signal
in the subsurface of the WP leads by 3–5 months. In
other words, the East-Asian summer monsoon coupled
with the WP have established and persisted in the
TC peak season from July to October. Therefore, it
may be more reasonable to watch the monsoon circu-
lation corresponding to the thermal states of the WP
in terms of the interannual variation in TC activity
over the WNP. This paper mainly focuses on how the
changes in monsoon background circulation influence
the interannual variation in TC activity during the dif-
ferent state years of the WP and also which aspects of
TC activity are significantly modulated by monsoon
circulation.

In addition, it should be noted that few research
projects investigate what mechanisms determine inter-
annual variability in tropical cyclogenesis correspond-
ing to warm and cold thermal states in the WP. For
case studies, some attempts are exerted to understand
dominant processes triggering cyclogenesis in certain
favorable conditions. Not only dynamical instability in
the inner monsoon trough, but also initial disturbance
originating out of the monsoon region can trigger cy-
clogenesis (Takayabu and Nitta, 1993; Liebmann et
al., 1994; Dickinson and Molinari, 2002). Since those
triggering processes also take on the interannual vari-

ation, it is hypothesized that there may be primary
processes, which are different year by year, that govern
TC activity from the interannual perspective. Based
on thermal states in the WP, this study is devoted
to investigating interannual variation in TC activity
in the WNP in section 3 following the description for
data used in section 2, and large scale background con-
trasts in section 4. Two dominant processes on distinct
timescales determining the interannual variability in
TC in section 5 are suggested. Conclusions will be
presented in section 6.

2. Data

This study employs daily National Centers for
Environmental Prediction-National Center for Atmo-
spheric Research (NCEP-NCAR) reanalysis variables
with 2.5◦ × 2.5◦ latitude-longitude grid from 1959–
2003. We used TC data with the same time period
which are archived by the Regional Specialized Mete-
orological Centers-Tokyo Typhoon Center. The data
include names, positions, minimum surface pressures,
and maximum wind speeds of TC in every 6-h in-
terval. Due to the named tropical cyclones mainly
including tropical storms and typhoons (TSTY), We
divide TC into two classes depending on their maxi-
mum sustained wind speed: tropical storm (TS) (17
m s−1 6 Vmax < 34 m s−1) and typhoon (TY)
(Vmax > 34 m s−1). The monthly optimum interpola-
tion SST data with a horizontal resolution of 2.5◦×2.5◦

from NECP-NCAR reanalysis are used to investigate
interannual changes in SST. Due to strong anoma-
lous signal over the WNP appearing in subsurface
thermocline, the subsurface ocean temperature data
derived from the Joint Environmental Data Analysis
Center are adopted to reflect the thermal state in the
WP. Since the TC activity reaches peak during July–
October (JASO), only this season period is considered
in the following study.

3. TC activity related to thermal state in the
WP

3.1 TC number and formation distribution in
the WP

Many observations have shown that the SST per-
turbations generally vary within the interval of 0.5◦C
whereas the subsurface ocean temperature anomaly
exceeds 3◦C in the extreme years. Furthermore, the
air-sea interaction depends not only on sea surface
temperature (SST), but also on the ocean heat con-
tent (OHC). The variation of OHC, to a great extent,
decides the change in intensity of energy exchange of
air-sea interaction. The sea surface just acts as the
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  Fig. 1. Time series of SOTA in the warm pool during

JASO from 1959 to 2003.

interface of energy exchange between them. On the
other hand, since subsurface sea temperature is a ma-
jor impact factor for the OHC over the WNP, subsur-
face sea temperature anomaly is identified as an index
of thermal state of the warm pool. The WP domain
is defined by 0◦–6◦N and 125◦–165◦E and 120 meters
below mean sea level. Warm (cold) state years refer
to those in which the sub-ocean temperature anomaly
(SOTA) are above 1.5◦C (below–1.5◦C), as shown in
Fig. 1. There are six warm state years (1970, 1975,
1978, 1998, 1999, and 2000) and six cold state years
(1972, 1982, 1987, 1991, 1993, and 1997) selected re-
spectively.

For ease of comparison, the Niño-3.4 sea surface
temperature anomalies (SSTA), the South Oscillation
Index (SOI) and the SOTA in the WP are computed
to obtain the correlation coefficients with TSTY (TY)
numbers over the WNP during the JASO period from
1959–2003. Table 1 has shown that there is nothing
but the correlation coefficient between the SOTA in
the WP and TY number over the WNP (including
the South China Sea) slightly exceeding the 95% sig-
nificant level. The results further confirm that these
strong interannual signals in atmosphere and ocean do
not significantly impact the total number of TCs which
attained TS intensity or higher over the WNP basin.
The intensities of the monsoon and the tropical upper-
tropospheric trough (TUTT) over the WNP may be
the dominant factors to determine the TC numbers,

Table 1. The correlation coefficients between the Niño-
3.4 SSTA, SOI, warm pool SOTA and TSTY, TY numbers
over the WNP during the JASO period from 1959 to 2003.
Bold numbers denote those above 95% significance level.

TSTY TY

Niño-3.4 −0.07 0.21
Warm pool −0.05 −0.33

SOI 0.01 −0.18

Table 2. The correlation coefficients between WP SOTA
and TSTY, TY in four domains. (Bold numbers denote
those above 95% significance level.)

Domain 1 Domain 2 Domain 3 Domain 4

TSTY 0.41 0.14 −0.73 0.24
TY 0.25 0.05 −0.76 0.21

which needs to be investigated in the future.
Although the total number of TC over the WNP is

not prominently associated with the SOTA in the WP,
the spatial distribution characteristics of cyclogenesis
corresponding to the distinct WP thermal states give
rise to the intriguing results, providing the WNP is
partitioned into four domains along the lines of 15◦N
and 150◦E. The northwestern, southwestern, south-
eastern, northeastern quadrants are assigned by names
d1, d2, d3, d4, respectively. The correlation coeffi-
cients between the SOTA in the WP and TSTY num-
ber in d1 and d3 regions exceed 95% significance level,
even up to 99% significance level in the d3 region (Ta-
ble 2). In comparison with TSTY, it is only the d3
region that the correlation coefficient with TY reaches
up to 99% significant level, which suggests that TCs
forming in the southeastern part of the WNP is favor-
able to develop into typhoons before encountering the
continent or colder mid-latitude water. The results
mentioned above suggest that WP thermal states may
influence less on TC total number in the whole WNP,
but more on TSTY or TY in d1 and d3 regions. Fig-
ure 2 shows the annual mean TSTY and TY number in
the four domains for six warm years and six cold years.
It is prominent that the number of TSTY and TY in
the d1 region during the warm years is more than that
during the cold years, while the situation reverses in
the d3 region. The results also show that TCs forming
farther to southeast over the WNP tend to last longer
and are more likely to develop into typhoons.

 

0123456789 TSTYd1 TSTYd2 TSTYd3 TSTYd4 TYd1 TYd2 TYd3 TYd4warm yearcold year  
Fig. 2. The contrast of annual average of TSTY, TY
within four domains during the warm and cold years.
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3.2 TC track difference

To examine TC track difference, the WNP is sep-
arated into 5◦ × 5◦ square grids. Based upon TC
best track positions in every 6 hours interval, a grid
point is considered to suffer one TC process once TC
falls within its ±2.5◦(lon) and ±2.5◦(lat) domain. It
is counted one time if the TC falls within the same
grid box in two successive times. The climatology
of TC tracks is obtained by counting the number of
TCs influencing each grid point during the JASO pe-
riod within the domain 0◦–50◦N and 100◦–180◦E. The
number of TCs occurring in each grid box is con-
tributed by the genesis of TCs within the box and
by TCs moving into the box.

According to the above method, if the JASO mean
number in each grid box in the cold years is subtracted
from that in the warm years, spatial distribution differ-
ence of TC activity can be obtained (Fig. 3). The dif-
ference in annual mean TC activity indicates that TC
activity is enhanced near the China coast and hence
more TCs make landfall in China during the warm
years. On the contrary, more TCs form and move in
the eastern portion of WNP during the cold years. The
difference in TC activity also infers the changes in TC
prevailing tracks. A distinct characteristic appears to
show that TCs in the cold years tend to take a recurv-
ing northeastward track, leading to more TCs impact-
ing Japan. The circulation modulating the TC track
type also can be interpreted by the 500 hPa steering
flow as in the next section.

3.3 Two typical cases

In this subsection, in order to verify the above con-
clusions, we supplement two typical years, out of the
sample years from 1959–2003, in which TC activity

 

 
 

Fig. 3. Annual mean difference of TSTY tracks between
the warm yeas and the cold years. The shaded areas
denote the differences are statistically significant at the
90% confidence level.

well reflects the differences in characteristics corre-
sponding to the cold and warm states in the WP. The
cases in the years 2004 and 2006 are selected, since TC
formation and track are apparently distinct in the two
years. Though these two years are beyond the range
of time analyzed above, seperate sea temperature data
sources provided by Japan are added as a reference for
the thermal state in the WP.

The formation and track of TCs in TC peak sea-
son from May to November during the two years are
depicted in Fig. 4. It clearly appears that the total
of 23 TCs in 2004 formed in the WNP basin, half of
which occurred to the east of 150◦E. In contrast, less
than one third of TCs formed to the east of 150◦E in
year 2006 than the counterpart in 2004. The other dif-
ference in TC activity appears in TC track tendency.
Most of the TC tracks in 2004 exhibit northwest-
northeastwards recurvature so that the striking record
in 10 typhoons landing Japan is documented, while
westwards or northwards displacement of TCs is rela-
tively dominant in 2006, therefore China suffered more
TC influence.

The two distinct characteristics of TC activity
are well related to the thermal states in the WP.
The depth-latitude section of subsurface temperature
anomaly along 137◦E is shown in Fig. 5 provided by
Japan Meteorological Agency monthly reports (2004,
2006). The minimum temperature in year 2004 is lo-
cated at the WP subsurface in tropical region. The
anomaly magnitude reaches up to −7◦C. Compared
with the counterpart in 2004, the subsurface temper-
ature along 137◦E cross section in 2006 is above the
climatological reference state equatorward of 14◦N, its
anomaly peaking at 3◦C. The typical cases as discussed
in this subsection are consistent with those in former
analysis. The low-mid level circulation features in the
two years (not shown) are similar to those depicted
in subsection 4.2, which determine differences in TC
activity. These supplemental evidences aim for the
confirmation that significant distinctions in TC activ-
ity appear during two kinds of years. The underlying
factors controlling interannual variation in TC activity
will be explained in the next section.

4. Large scale background influence

4.1 SST

In the first global climatology of tropical cyclogene-
sis, Gray (1968) established several environmental con-
ditions as favorable for the formation and development
of TCs. Among them, SST criterion above 26.5◦C is
required to be met, which is the critical condition for
cyclogenesis. It is well known that the WP region usu-
ally accumulates a large amount of warm water such
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(a) 
(b) 

Fig. 4. The genesis locations and tracks of TC in (a) 2004 and (b) 2006. The
dots represent TC formation loacation the dots represent TC formation location.

that the climatic SST exceeds 29◦C over the WNP. By
examining the composites of SST in the warm and the
cold years (not shown), it appears that the prominent
differences in SST distribution are not located in the
WNP, but in the equatorial middle Pacific. In con-
trast to climatological SST for 45 years, the area of
the 29◦C SST contour in the cold years extends into
the equatorial east Pacific, whereas it retreat slightly
westwards in the warm years. As shown in Fig. 6, the
positive correlation between TSTY number and SST
during JASO over the North Pacific is located in the
subtropical middle Pacific, while the negative correla-
tion exists in the large part of the WNP, suggesting
that there is not significant relation between TC num-
ber and local underlying SST. The other two ther-
modynamic factors including midlevel moisture and
moist instability of the midlevel-low atmosphere over
a considerable portion of the tropical ocean are al-
most beneficial to cyclogenesis in summertime, while
the low level vorticity and vertical shear parameters
can vary significantly on interannual timescale. There-
fore, rather than thermodynamic factors such as local

SST, the dynamic factors such as monsoon circulation
in response to the thermal state in the WP determine
the interannual variability in TC activity.

4.2 Atmospheric circulation feature

The monsoon trough is the region of low-level con-
vergence between the equatorial westerlies and the
trade easterlies. The presence of relatively low verti-
cal wind shear and high relative vorticity in the mon-
soon trough could be extremely favorable for tropical
cyclogenesis. The cyclogenesis is a process in which
external background forcing is thought to be required
to produce convection by perturbing the dynamic vari-
able over a relatively large area sufficiently above their
climatological values. Therefore, the purpose in fol-
lowing analysis is to identify the distinct circulation
feature in response to the thermal state in the WP.
Variable fields that relate to anomalous TC activity
at 850 hPa and 200 hPa during JASO are discussed.
When studying the movement of the TC, the 500 hPa
steering flow is analyzed.

The 850 hPa streamline is composited for the warm
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(a) 
(b) Depth (m) 

Depth (m) 
Fig. 5. Depth-latitude section of subsurface tempera-
ture anomaly along 137◦E during July in (a) 2004 and
(b) 2006. The areas with positive value are shaded.
(Adapted from Japan Meteorological Agency monthly re-
ports, 2004, 2006).

 

 
  Fig. 6. The distribution of correlation coefficients be-

tween SST and TSTY number over the WNP. The shaded
areas indicate the correlations are statistically significant
at the 95% confidence level.

years and cold years respectively. During the warm
years, the monsoon trough retreats westward and
northward (Fig. 7a), so that a low-level cyclonic vor-
ticity anomaly and upper-level divergence anomaly ex-
ist in the northwest quadrant (not shown) and hence
more TCs tend to form in the northwest of WNP.
On the contrary, there are fewer TCs in the southeast
quadrant of WNP.  

  
  
  

Fig. 7. 850-hpa composited stream field and TC genesis
location (denoted by black dots). (a) during the warm
years; (b) during the cold years. Dots represent tropical
genesis locations. 150◦E and 15◦N are denoted by black
lines.

During the cold years, westerly anomalies in the
western equatorial Pacific extend to the dateline and
even beyond (Fig. 7b). These anomalies, encountered
with easterly trade winds, enhance the cyclonic shear
so that the monsoon trough is located at lower lati-
tudes and penetrates further eastward, which results
in more TCs forming in the southeast quadrant of the
WNP. The condition in the northwest quadrant is re-
versed. A low-level anticyclonic vorticity anomaly and
up-level convergence anomaly are unfavorable for TC
formation and development in that region.

In general, the TC tracks are attributed to the
flow in the mid-level troposphere which plays a role
in steering TC movement. Thus, the changes in TC
tracks can be explained by the anomalous flow at 500
hPa during two kinds of years. According to the study
by Huang and Sun (1994), when the western tropical
Pacific warm pool is warming, the convective activi-
ties are active from the area around the Philippines
to the Indo-China Peninsula. The subsidence branch
of the Hadley cell associated with tropical convection
is enhanced and shifts northwards. As a result, the
subtropical high over the WNP intensifies and moves
poleward. Therefore, anomalous easterlies prevail over
a large area of the WNP shown in Fig. 8a, especially
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Fig. 8. 500-hPa composited wind vector (units: m s−1)
and vertical velocity (units: Pa s−1). (a) during the warm
years; (b) during the cold years. (The shading indicates
anomalous ascent areas)

the region to the east of the China, which would tend
to steer more TC to move westward into South China
Sea (SCS) and the east China coast. On the contrary,
when the warm pool is cooling and the convection
above is inactive, the subtropical high shifts equator-
ward and the trough over East Asia to the northwest
of it strengthens. Figure 8b shows that a large area of
steady and significant anomalous westerlies at 500 hPa
can be detectable in the tropics and to the south of
Japan, and anomalous southwesterly flow, as a part
of the anomalous cyclonic trough over the East Asia,
is present over Japan. This flow pattern can explain
a significant increase in the northeastward-recurving
TC, which leads to more TCs impacting Japan.

Figure 8 displays the location migration of the ver-
tical ascending branch for the warm and cold years.
During the warm years, the organized anomalous as-
cending motion concentrates in the northwest quad-
rant of the WNP, whereas anomalous descending mo-
tion is found in the southeast quadrant. The opposite
condition occurs during the cold years. The differences
are consistent with the distribution of divergence and
vorticity anomalies, which is significantly correlated

with the monsoon trough retreat and extension. The
anomalous rising motion in the Walker circulation,
coupled with the warming state in the WP, establishes
relatively westward in longitude. As the thermal state
in the WP alters from warming to cooling, the warm
water shifts eastwards up to the dateline, which is ac-
companied by an eastward extension of the monsoon
trough and anomalous ascent.

5. Discussion on different triggering mecha-
nisms for cyclogenesis

The above-mentioned results indicate that there
appear two main distinct circulation features during
the two types of years which modify the number and
distribution of TCs in the four domains. For brevity,
more tropical cyclogenesis concentrate in domain 1 and
2 during the warm years, whereas the more TCs form
in domain 2 and 3 (shown in Fig. 5). The questions
remain unknown whether the TC genesis associated
with thermal states in the WP are triggered by dif-
ferent low-level initial disturbances originating from
relevant regions, and furthermore whether these ini-
tial disturbances rely on atmosphere variability with
different temporal scales. To answer these questions,
we first exhibit the two distinct processes of TC gen-
esis by composites corresponding to thermal states in
the WP.

The genesis locations of TC within domain 1 or 2
during the warm years and those within domain 2 or 3
during the cold years were respectively selected as the
domain center for composites, i.e. composite region is
not fixed and is determined by the TC genesis loca-
tion. The 850 hPa wind fields were composited within
a 8000×4000 km2 domain placed over the nearest grid
point to the center of each TC at the time of genesis.
Composites were computed for every 24-h time pe-
riod back to 5 days before tropical cyclogenesis. This
composite technique reduces the random and sampling
errors inherent to an objective analysis and also re-
solves common features among the individual cases of
tropical cyclogenesis. Therefore, if a composite reveals
evidence of a relationship between genesis and environ-
mental flow, the circulation feature observed is likely
to be even stronger in individual cases.

During the warm years, the composite for 120
hours prior to tropical cyclogenesis shows a weak mon-
soonal cyclonic flow anchored about 1000 km to the
west of the TC genesis location (Fig. 9a). Meanwhile
the westerly flow greater than 5 m s−1 is approxi-
mately 3000 km farther to the southwest of center.
The strong trade easterlies prevail over the large por-
tion to the east of the genesis center. Such patterns
indicate the center lies in the confluence region of zonal
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Fig. 9. Composites of the 850-hPa winds for TC within
domain 1 and 2 during the warm years at (a) −120 h,
(b) −72 h, (c) time of tropical cyclogenesis.

flow 5 days prior to cyclogenesis. The southwesterly
flow gradually extends eastwards and strengthens with
time, accompanied by cyclonic circulation approaching
the genesis center at the time of 72 hours before gene-
sis (Fig. 9b). By genesis time, the trade southwesterly
flow to the south of the center has penetrated up to
the southeast part and merged into the cyclonic wind
surrounding the genesis location (Fig. 9c). To further
reveal this process, the zonal wind in the latitude-band
between 250 km and 1000 km to the south of the cen-
ter is averaged for a time-latitude (represented by kilo-

meters) Hovmöller diagram relative to genesis center.
Figure 10 depicts the same process in which zonal flow
extends eastwards as the plane plots in Fig. 9 for time
evolution, and eastward-spread speed is comparable to
the magnitude of low-frequency westerly flow. Mod-
ulation of TC activity by the low-frequency oscilla-
tion, especially the Madden-Julian oscillation (MJO),
has been extensively examined (e.g., Hall et al., 2001;
Maloney and Hartmann, 2000, 2001). They found that
westerly 850-hPa wind anomalies associated with MJO
event intensify tropical convection and enhance TC
activity. Over twice as many tropical systems accom-
pany equatorial 850-hPa westerly anomalies than ac-
company equatorial easterly anomalies. The study by
Ren and Huang (2003) suggested that the characteris-
tics of MJO are associated with the interannual vari-
ability of the thermal state in the WP. The compos-
ite results showed that the amplitude of MJO convec-
tion over the west of WNP tends to intensify (reduce)
during the warm (cold) years. According to the pre-
vious studies, we imply that the correlation between
enhanced TC activity and warm state in the WP is as-
cribed to the intensification of westerly flow and con-
vection associated with MJO.

The composite changes in the feature during the
cold years are evidence that the westerlies to the south
have existed in the southeast quadrant relative to the
genesis location by the time 72 hours prior to the gen-
esis. The weak cyclonic circulation is positioned ap-
proximately 2000 km to the southeast of the center,
and then displaces northwest towards the genesis cen-
ter as vortex flow develops at 72 hours before genesis
(Figs. 11a, b). At the time of tropical cyclogenesis, the
cyclonic circulation shapes elliptically encircling the
genesis location (Fig. 11c). In contrast to the zonal
wind Hovmöllerdiagram during the warm years(shown

 

 
 

Fig. 10. Time-longitude (represented by distance in
east-west direction) diagram of the zonal 850-hPa wind
averaged from 250 km to 1000 km to the south of com-
posited TC genesis location. TCs form within domain 1
and 2 during the warm years.
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Fig. 11. Same as in Fig. 9 but for TC cases within do-
main 2 and 3 during the cold years.

in Fig. 10), the counterpart during the cold years
does not exhibit the similar characteristic of eastward-
displacement, and even presents slight westward-
displacement (no shown). Based on the previous stud-
ies (Takayabu and Nitta, 1993; Chang et al., 1996;
Dickinson and Molinari, 2002), equatorially-trapped
mixed Rossby gravity (MRG) waves on synoptic scale
could transform into off-equatorial tropical depression
type disturbances in the WNP (so called TD-type dis-
turbances). They found that TD-type disturbances
are displaced northwestwards and intensify through

interaction with monsoon trough, which tend to in-
duce TC genesis. Since the monsoon trough penetrates
southeastward and near the equator during the cold
years compared with during the warm years, it is easy
for monsoon flow to interact with equatorially-trapped
waves and induce the change in wave property. This
may be the major process triggering TC genesis in the
domain 3 during the cold years.

The dynamic composites with respect to the des-
ignated TC corresponding to the warm and cold years
might be the manifestation of two distinct processes
in which the propagating oscillations or disturbances
trigger cyclogenesis. It is hypothesized that the inter-
annual variation of TC activity is, to a large extent,
related to variability of the above two processes. It
should be noted that we do not claim that the pro-
cesses mentioned above can explain all aspects of TC
formation over the WNP. It makes certain that the
probability of TC genesis should increase in the pres-
ence of these two mechanisms.

6. Conclusion

This paper presents a comprehensive study on the
interannual variations of TC activity over the WNP
associated with the subsurface thermal state in the
WP. Investigations are made on TC number, forma-
tion distribution and track type.

The monsoon circulations coupled with the WP
play a role in modulating TC activity. During the
warm state of the WP in summertime, the monsoon
trough retreats westwards, leading to westward shift
of the TC active region. The corresponding monsoon
circulation is characterized by the anomalous conver-
gence, vorticity, and ascent occurring in the northwest
of the WNP. In contrast, during the cold state of the
WP, the monsoon trough extends eastwards up to the
dateline, hence the anomalous convections concentrate
on the southeast part of the WNP in conjunction with
eastward displacement of TC activity.

The steering flows at 500 hPa exhibit the pro-
nounced differences during two thermal states in the
WP, which are regarded as important factors in mod-
ulating the TC track type. The easterly anomalies
in the warm state years steer more TC displacement
westwards which may result in the frequent landfall in
east China. The middle-latitude East Asian trough in
the cold state years strengthens and penetrates south-
wards so that the southwesterly flows ahead of the
trough easily recurve the TC motion towards north-
east.

The composites centered in the cyclogenesis loca-
tion are constructed to investigate two types of TC
genesis respectively during the warm and cold years.
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The circulation patterns in the several days leading up
to cyclogenesis infer that the processes, in which west-
erlies associated with low-frequency oscillation surge
eastwards and intensify, induce TC formation to a
large extent during the warm years. However, dur-
ing the cold years, it seems that initial disturbances
for a large amount of cyclogenesis originate from the
tropical mid-eastern Pacific. It is argued that interan-
nual variation in above-mentioned triggering processes
significantly impact the variability in TC activity over
the WNP, which will be analyzed in detail in the future
work.
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