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Abstract: Based on the CMA tropical cyclone (TC) best track data as well as the reanalysis datasets from the
NCEP/NCAR and NOAA, the variation characteristics of TC number from 1949 to 2013 over the western North Pacific
(including the South China Sea) are examined. Notably, the time series of TC number exhibits a significant abrupt
change from more to less around 1995. Comparative analysis indicates that the environmental factors necessary to TC
formation also change significantly around the mid-1990s. After 1995, accompanying with anomalous warm sea surface
temperature (SST) in western equatorial Pacific, a La Ni觡a-like pattern in tropical Pacific appears obviously. However,
compared with the period before 1995, the vertical upward movement decreases, vertical shear of tropospheric zonal
wind increases, and sea level pressure (SLP) rises, all of which are unfavorable to TC formation and work together to
make TC number reduce markedly after 1995. Furthermore, when the typical interannual more and less TCs years are
selected in the two separate stages before and after 1995, the relative importance of oceanic and atmospheric
environments in interannual TC generation is also investigated respectively. The results imply that the SST over the
tropical Pacific exerts relatively important influence on TC formation before 1995 whereas the atmospheric circulation
plays a more prominent role in the generation of TC after 1995.
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1 INTRODUCTION

Tropical cyclone (TC), which generates on tropical
oceans, is the strong cyclonic vortex with a warm-cored
structure. The strong wind, rainstorm, storm surge, and
other disastrous weathers along with the occurrence of
TC often bring serious economic losses and casualties
to the affected areas. The western North Pacific
including the South China Sea is the main original
region with the most frequent TC activities. Therefore,
the variation features of generation, activity, and
intensity of TCs over the western North Pacific have
been the key issues on which the domestic and foreign
meteorologists always focus. Due to the restriction and
influence of large scale air-sea climate background, the
TC number over the western North Pacific are
characterized by pronounced seasonal, interannual, and

interdecadal variations[1-3].
Early studies of Pan[4] and Li [5] suggested that less

TCs generated over the western North Pacific when sea
surface temperature (SST) of eastern equatorial Pacific
rose continuously. Chen et al. [6] indicated that the
association between regional SST and TC number was
not obvious. They also pointed out that, although the
regional SST reached the thermal condition, the
interannual differences of TC activities were mainly
caused by the atmospheric circulation response to SST.
The work of Chen et al. [7] showed that the different
anomalous circulation patterns induced by the different
heating sources of two types of El Ni觡o events could
affect the generation and position of TCs over the
western North Pacific. Under the state of global
warming, both the intensity and potential damage of
TCs presented a strengthening tendency[8, 9]. However,
Chan[10] argued that this strengthening tendency should
be attributed to the interdecadal variation of TCs. In
addition, many domestic researches revealed that the
interannual and interdecadal variations of some
important large-scale circulation systems, such as the
South Asian high, western Pacific subtropical high, East
Asian monsoon, intertropical convergence zone, could
significantly impact the TC generating conditions,
intensity changes, and moving tracks[11-18]. The atmospheric
circulation in the Southern Hemisphere also played an
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important role in the formation and development of TCs
over the western North Pacific. Specifically, the
strengthened cross-equatorial flow response to the cold
air outbreak in Australia could incorporate into the
intertropical convergence zone, resulting in the
intensified disturbance and advection that avail the
formation of TCs [19-21].

Numerous studies confirmed that there existed a
global interdecadal abrupt climate change in the
mid-to-late 1970s, and from then on, the air-sea
background of the North Pacific region changed
remarkably[22]. With the abrupt warming appearing in the
central and eastern tropical Pacific and abnormal cooling
showing up in the central North Pacific, the Pacific
Decadal Oscillation (PDO) altered its phase, the sea level
pressure (SLP) over North Pacific decreased
significantly, and the Aleutian Low deepened and moved
southward [23]. Meanwhile, the intensity of atmospheric
circulation systems such as the East Asian summer
monsoon and the western Pacific subtropical high also
exhibited pronounced changes [24]. A series of interdecadal
variations of environmental factors pushed the TC
number over the western North Pacific into a relatively
small period. Recent research demonstrated that the
unprecedented powerful tropical Pacific easterly trade
winds decreased the global warming trend[25]. Moreover,
the East Asian summer monsoon recovered and began
to strengthen around the early 1990s, along with which,
the western Pacific subtropical high displayed a
characteristic of interdecadal transition[26]. Also, the PDO
phase altered suddenly around 1997 [27]. In a word, the
previous studies above imply that the 1990s might be a
new period of interdecadal climate background over the
North Pacific.

Previous studies on TC climatology always focus
on the seasonal, interannual, and interdecadal
characteristics of TCs. However, less attention has been
paid to the abrupt change of TC number. In particular,
there must be some differences in TC generation and
activity under different interdecadal climate
backgrounds. Therefore, by examining the abrupt
change in the time series of TC number, we first
compare the characteristics of interdecadal variations in
the environmental factors closely related to TC
formation in the separate periods before and after the
abrupt change of TC number; then, as we know, the
interannual variation would be modulated by the
interdecadal variation of climate background, so we
further detect the main environmental factors that
contribute to the interannual variations of TC number
before and after the abrupt change respectively. In
consideration of the different generation characteristics
of TCs in different climate backgrounds, the analyses in
this paper might have practical significance for
improving the TC prediction level and reducing the
accompanying disasters.

2 DATA AND METHODS

The best-track data of TCs over the western North
Pacific including the South China Sea for the period of
1949-2013 are obtained online at China Meteorological
Administration Tropical Cyclone Data Center website
(http://tcdata.typhoon.gov.cn/). The monthly gridded
data with 2.5°×2.5° horizontal resolution of wind, SLP,
and omega are taken from the National Centers for
Environmental Prediction/National Center for
Atmospheric Research (NCEP/NCAR) reanalysis dataset
from June 1949 to October 2013. For the same period,
the monthly gridded SST analysis is based on the
National Oceanic and Atmospheric Administration
(NOAA) Extended Reconstructed SST V3b with 2.5°×
2.5° horizontal resolution. All of the gridded data above
are averaged into the typhoon season (from June to
October) mean. The linear trend of gridded data in
typhoon season is removed before analysis.

To examine the interdecadal stages for the
generation of TCs over the western North Pacific and
identify the abrupt change year reaching high
confidence level, we go directly to the observations and
apply the method of Mann-Kendall [28-29]. The composite
mean difference method is applied to compare the
characteristics of environmental factors during the two
separate periods before and after the abrupt change of
TC number. In order to remove the interference of
interdecadal variation, we use the running correlation
method [30] (the running window length is 11 years) when
analyzing the interannual characteristics of TCs in
different interdecadal climate background.

3 VARIATION CHARACTERISTICS OF
WESTERN NORTH PACIFIC TC NUMBER

As schematically illustrated in Fig.1, the time series
of yearly numbered TCs from 1949 to 2013 is
characterized by pronounced interannual and
interdecadal variations. We can see the interdecadal
variation tendency of TC number from the thick solid
line (11-year smoothing) in Fig.1. The TC number is
above the mean value before 1975, and then it reduces
gradually. During the 1980s, the number of TC
maintains a steady state with slight growth. It is
noteworthy that the TC number has reduced markedly
since the early 1990s and entered a relatively
less-than-normal period after 1990.

The climate abrupt change refers to the
discontinuous jump in a relatively steady state [28, 31]. To
confirm whether there exists any catastrophe point in
the time series of TC number, we employ the
Mann-Kendall method, and the result is plotted in Fig.2.
The positive sequence UF line decreases from positive
to negative gradually, and its first intersection with the
inverted sequence UB line is steadily in 1995. And the
intersection point with 0.05 significant level in Fig.2
denotes the abrupt change year from more to less in the
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time series of TC number. Generally accepted, 85% of
TCs generate in the typhoon season, so we concentrate
our work on the relationship between the variation of
TC number and the environmental factors in typhoon
season. The abrupt change point of TC number
averaged in typhoon season also appears around 1995
by the Mann-Kendall test (figure not shown).

4 CHARACTERISTICS OF AIR-SEA BACK-
GROUND BEFORE AND AFTER THE ABRUPT
CHANGE OF TC NUMBER

Previous studies have demonstrated that there were
significant differences in the air-sea environmental
fields in different periods when more and less TCs
generated [15, 18, 32-36], and these large scale environmental
factors mainly included the SST, SLP, omega, wind
field at high and low levels, vertical shear of
tropospheric wind and so on. Were these environmental
fields closely tied to TC formation undergoing evident
change after 1995? In this section, we employ the
composite mean difference approach to answer this

question and reveal the different characteristics of
air-sea background before and after the abrupt change
of TC number.
4.1 Sea surface temperature, low-level wind and verti-
cal movement

The SST is an important environmental factor
which is crucial to the generation and development of
TC. On one hand, SST is the indispensable thermal
condition for the formation of warm-cored structure; on
the other hand, SST is the major forcing for
atmospheric circulation in the tropics. Fig.3 displays the
composite mean difference between typhoon season
SST and 850hPa wind after 1995 and those before
1995. After the abrupt change of TC number in 1995,
SSTs in the northwest and southwest Pacific increase
markedly with the 0.05 significance level, with a
maximum anomaly exceeding 0.5℃ . Together with the
decrease in SSTs over the central and eastern tropical
Pacific and the Southern Indian Ocean, the cold phase
of PDO-like pattern occupies the Pacific. Xiao et al. [27]

have proved that PDO undergoes an abrupt phase
change from warm to cold in 1997 by the moving t-test
technique. In general, with positive SST anomalies in
the western tropical Pacific and negative SST anomalies
in the central and eastern tropical Pacific, a La Ni觡a-like
pattern as exhibited in Fig.3 should correspond to more
TCs. However, the TC number reduces after 1995,
which means the relationship between this La Ni觡a-like
pattern and TC number has altered in the mid-1990s.
Actually, we find the ranges of typhoon season SST
reaching the basic thermal condition (SST≥26.5°C) are
almost the same in the separate periods before and after
1995 (figure not shown). In other words, the threshold
value of the thermal condition for TC generation does
not change during the whole period, so the anomalous
warming of western North Pacific SST cannot
contribute to the abrupt change of TC number in 1995.
The following analysis will demonstrate the impacts of
the different SST anomalous patterns on the
interdecadal variation in TC generating locations.

By taking 15°N and 150°E as dividing lines of TC
generating region, we get four source regions, i.e.,
Northwest (NW), Northeast (NE), Southwest (SW), and
Southeast (SE). Then, we count the percentages of TC
number in each region before and after 1995. As listed
in Table 1, compared to the period before 1995, the
average generating location of TCs is a bit
northwestward after 1995. Moreover, more TCs favor
the NW and NE source regions after 1995. Combined
with the SST anomalies field in Fig.3, after the abrupt
change of TC number in 1995, when the SST over the
central and eastern tropical Pacific is anomalously cold,
the average generating location moves northwestward,
which is in agreement with the statistical results in the
work of Yang et al.[35]. Additionally, Wang et al.[36] have
noted that the location of TC generation shifts
northward and westward when the PDO and ENSO are

Figure 1. Time series of yearly numbered TCs for the period
of 1949-2013. The thin and thick solid lines represent the TC
number and its 11-year smoothing, respectively. The dashed
line indicates the mean value of TC number for the whole
period.

Figure 2. The Mann-Kendall abrupt change test of the time
series of TC number from 1949 to 2013. The solid and dashed
lines indicate the positive sequence UF and inverted sequence
UB of TC number, respectively. Dotted lines represent the
α=0.05 significance level.
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Figure 3. The composite mean difference between the typhoon season SST (shaded contours, units: ℃) and 850 hPa wind (vectors,
units: m/s) in the period after 1995 and those before 1995. The gridded (dotted) areas indicate the anomalies of SST (850 hPa
wind) reaching the α=0.05 significance level. The thick black lines represent the 26.5℃ contour of the averaged SST after 1995.

both in cold phase. The composite mean difference in
the 850hPa wind field of typhoon season is plotted in
Fig.3. There is a weak anomalous anticyclonic
circulation at the center of (145°E, 20°N) which is not
conducive to the formation and development of TCs
after 1995.

The majority of TCs over the western North Pacific
generate within the areas of (110°E-180°, 5-25°N), thus
we further detect the vertical movement features in the
TC generating region by calculating the composite
difference of 5-25°N meridional-mean omega in typhoon
season after and before 1995 (Fig.4). Combining Fig.3
with Fig.4, we can see that the positive SST anomalies
over the Western Pacific Warm Pool and its vicinity do
not stimulate strong vertical upward movement in 110-
160° E. On the contrary, the pronounced weakened
vertical upward movement appearing in 120 -150° E
(Fig.4) is associated with the anomalous anticyclone on
850hPa (Fig.3). Hence, the weak vertical upward
movement goes against the development of
low-pressure disturbance, which could be one of the
main reasons that cause less TC generations after 1995.

4.2 Vertical shear of tropospheric zonal wind
The vertical shear of tropospheric zonal wind, also

known as convection ventilation, is an important impact
factor for the formation and development of TCs. Here
the tropospheric vertical zonal wind shear is represented
by the difference between weighted average zonal wind
of tropospheric upper part (600-200 hPa) and that of
lower part (1,000-600 hPa) [11]. When the vertical wind
shear is very small, the potential heat could concentrate
in a limited space, which not only prompts the
formation of warm-cored structure but also ensures that
the pressure of the initial disturbance continues to
decrease [37]. Thus, we calculate the composite mean
difference of the typhoon season vertical zonal wind
shear after and before 1995. As presented in Fig.5, the
amplitude of vertical zonal wind shear increases on the
whole, especially in the south of TC generating region.
Meanwhile, in the central and north of TC source
region, the decreasing and increasing areas of vertical
zonal wind shear show a staggered distribution.

The mean values of the anomalies of vertical zonal
wind shear averaged in the whole and four separate
source regions are displayed in Table 2. Taking Table 1
as reference, we can notice the effects of vertical zonal
wind shear variations on TC numbers in the four
generating locations. After the abrupt change of TC
number in 1995, the amplitude of vertical zonal wind
shear in the north of the generating location reduces
slightly (Table 2), corresponding to enlarged percentages
of TC number in the NW and NE source regions
(Table 1). In the meantime, the increased amplitude of
vertical zonal wind shear in the south of generating
region coincides with the reduced percentages of TC
number in the SW and SE locations. Consequently, the
slight increase of the vertical zonal wind averaged in
the whole TC source region (110°E-180° , 0-30°N)

Before 1995

Table 1. The average generating locations and percentages of
typhoon season TC number in the four generating locations
during the separate periods before and after 1995.

Average
NW
NE
SW
SE

After 1995

139.1 °E, 15.5 °N
40.6%
11.6%
35.8%
12.0%

137.3 °E, 16.1 °N
48.3% ↑
12.3% ↑
29.7% ↓
9.7% ↓

Note: The symbol ↑ (↓) indicates increasing (decreasing).
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after 1995 could make fewer TCs generate. So the
interdecadal increase in tropospheric vertical zonal wind
shear is one of the main factors that lead the TC
number to decrease after 1995.

4.3 Sea level pressure
It is generally accepted that the high pressure zone

over the North Pacific can influence the generation and
development of TCs. Fig.6 is the composite mean
difference between typhoon season SLP in the period
after 1995 and that before 1995. The SLP in the western
North Pacific generally rises, and a small area in the
east of the Hawaiian Islands passes the 0.05 significance
level with a positive anomalous center reaching 0.5hPa,
whereas the SLP close to the East Asian continent in
the western Pacific decreases. Higher SLP contributes to
suppressing the formation of initial low pressure
disturbance, which is one of the main reasons that cause
less TCs generate after 1995. It is without doubt that the
relationship between SLP and SST is very close, and
previous studies have pointed out that the
interdecadal variation of SLP over the North Pacific
is correlated with the phase transition of with
uncertain mechanism[38].

Figure 4. The zonal (110°E-180°) vertical section of composite mean difference between typhoon season 5-25°N meridional-mean
omega (units: 10-2 Pa/s) in the period after 1995 and that before 1995. The omega data is magnified one hundred times. The deep
(shallow) areas indicate the α=0.05 (0.10) significance level.

Figure 5. The composite mean difference between the typhoon season vertical zonal wind shear (units: m/s) after 1995 and that
before 1995. Cross lines (15°N and 150°E) indicate the regional division of TC generating location. The deep (shallow) areas
indicate the α=0.05 (0.10) significance level.

Generating location

Table 2. The difference of vertical zonal wind shear averaged
in the whole region and separate four generating locations in
the period after and before 1995.

The whole region
NW
NE
SW
SE

Vertical zonal wind shear (m/s)

0.20
-0.10
-0.03
0.40
0.47
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Before 1995

Table 3. The typical years with more and less TCs in the separate stages before and after 1995.

Typical more years
Typical less years

5 INTERANNUAL VARIATION CHARAC-
TERISTICS OF MAIN IMPACT FACTORS FOR
TC GENERATION BEFORE AND AFTER TC
NUMBER ABRUPT CHANGE

The analyses above have revealed that the different
impact factors for the abrupt change of TC number
have inconsistent changing directions, in other words,
different factors make different contributions to the TC
number abrupt change in the mid-1990s. In this section,
we focus on the weighted effects of different
environmental factors on the interannual variation of TC
number during the individual periods before and after
1995. Then, by comparing the associations between

environmental factors and TC numbers before and after
1995, we are hoping to measure the contributions of
different factors to the abrupt change of TC number in
1995.

Using 1995 as the abrupt change point of TC
number, the whole period is divided into two stages:
1949-1994 and 1995-2013. We get the typical years
with interannual more and less TCs shown in Table 3
by standardizing the time series of TC numbers and
taking ±1.0 and ±0.6 as the division standards in these
two stages respectively (Fig.7). And the composite mean
difference method is applied to characterize the features
of environmental factors of these typical years during
the separate periods before and after 1995.

Figure 6. Same as Fig.5, but for the SLP (units: hPa).

After 1995

1950, 1960, 1961, 1966, 1967, 1970, 1971, 1978, 1994
1951, 1957, 1976, 1977, 1983, 1986, 1987, 1991

1999, 2000, 2001, 2004, 2006, 2009, 2013
1998, 2003, 2005, 2008, 2010

Figure 7. Standardized time series of TC numbers in the separate stages: (a) 1949-1994 and (b) 1995-2013. Dotted lines represent
the standards to select the interannual typical years.
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5.1 Differences of SST, low -level wind, and vertical
movement in typical years

Figure 8 displays the composite mean difference
between the typhoon season SST and 850hPa wind in
typical more TCs years and those in typical less TCs
years during the individual stages before and after 1995.
As illustrated in Fig.8a, the La Ni觡a-like SST anomalies
pattern which is beneficial to more TCs occurs on the
tropical Pacific with the 0.05 significance level, and the
anomalous easterlies on 850hPa occupies the central
and western equatorial Pacific. Thus the interannual
variation in the generation of TC is largely modulated
by the phases of ENSO before 1995. While, in the case
of 1995-2013, the difference of the central and eastern
equatorial Pacific SST in typical more and less TCs
years is small. Strikingly, the pronounced positive SST
anomalies pattern which has some resemblance to the
El Ni觡o Modoki dominates in the central equatorial
Pacific, and this anomalous SST pattern corresponds to

more TC formations after 1995 (Fig.8b). Therefore,
during the period after 1995, the effect of tropical SST
on TC generation weakens and the modulation
mechanism changes. In addition, as shown in Fig. 8b,
the 850hPa anomalous equatorial westerlies from the
anomalous cyclonical circulation centered at (180°, 30°N)
on the North Pacific, together with the cross-equatorial
flow generated from the strengthened anomalous
southerlies near Australia, form into the anomalous
westerlies occupying most of the tropical Pacific.
Notably, the anomalous meridional wind from the high
latitudes of Southern Hemisphere might be a key
mechanism for the interannual variation in the formation
and development of TCs after 1995. With the help of a
numerical model, Xu et al.[39] demonstrated that the cold
surges from Southern Hemisphere could benefit the
formation of warm-cored disturbance by reducing the
stability in mid- and low- levels and reinforcing the
low-level convergence.

Figure 8. The composite mean difference between the typhoon season SST (shaded contours, units: ℃) and 850hPa wind (vectors,
units: m/s) in typical more TCs years and those in typical less TCs years during the separate stages (a) before 1995 and (b) after
1995. The lines enclosed and dotted areas indicate the SST anomalies reaching α=0.10 and α=0.05 significance level, respectively.

The zonal ( 110 ° E -180 ° ) vertical section of
composite mean difference of typhoon season 5-25°N
meridional-mean omega in typical more and less TCs
years in the individual stages before and after 1995 is
given in Fig.9. Before 1995, the maximum center of

anomalous upward movement located at 150°E (Fig.9a)
matches the position of warm center of SST anomalies
(Fig.8a) in typical more TCs years. After 1995, the
upward movement maximum center increases
significantly and expands westward (Fig.9b) in the
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typical years when more TCs generate. And the whole
TC source region is generally occupied by upward
movement anomalies in the typical more TCs years
after 1995, especially its marked maximum center at
140°E responding to the anomalous cyclonical circulation
and westerlies convergence on 850hPa in Fig. 8b. After
1995, the SST over TC generating area is abnormal
below the climatological mean, and the circulation
environment in typical years with more TCs is
characterized by enhanced upward movement and
anomalous cyclonical circulation at the low level. To
sum up, the upward movement favored by the
interannual generation of TCs is sensitive to the SST
anomalies pattern before 1995, whereas the anomalous
upward movement in typical more TCs years might be
mostly stimulated by the low-level circulation after
1995. Thus we conclude that the atmospheric circulation
plays a more prominent role in the interannual
generation of TCs during the period after 1995.
5.2 Relative importance of SST and atmospheric
circulation on the interannual variation of TC number

By the assistance of 11-year running correlation
method, we further examine the relative importance of
SST and atmospheric circulation for interannual TC
generations before and after 1995. We display the
zonal (110°E -180° ) distributions of 11-year running
correlations between typhoon season TC number and
0-30 °N meridional-mean SST, 850hPa zonal wind,
850hPa omega, and tropospheric vertical zonal wind
shear in Fig.10.

The running correlation coefficients between TC
number and SST is presented in Fig.10a, in which the
maximum coefficient reaching +0.6 appears in
150-165°E from 1975 to 1990 evidently, implying that
the strongest association between SST and TC number
exists within the period of 1975-1990. Probably due to
the eastward displacement of sea surface heat source
accompanied with El Ni觡o Modoki, the positive
correlations originally located at 150° E -180° move
eastward by about 30 longitudes abruptly around 1990.

During the period after 1990, TC number negatively
correlates with tropical SST to the west of 160°E. In
Fig.10b, the relationship between TC number and
850hPa tropical zonal wind is weak before the 1990s,
whereas the range of positive correlations expands
suddenly in 1995, with most areas reaching 95%
confidence level after 2000. In coincidence with the
features of 850hPa zonal wind in Fig.10b, the high
correlation areas of 850hPa omega in Fig.10c and
tropospheric vertical zonal wind shear in Fig.10d also
shift eastward and expand obviously around 1995,
denoting that the upward movement and vertical wind
shear could be restricted by the low-level wind to a
large extent. The key points of the analyses above are
as follows: the SST’s association with interannual TC
generation is much more significant before the 1990s,
while the contribution of atmospheric circulation to
interannual changes in TC number is greater after
1990s, accompanying with the weakened positive
relationship between TC number and tropical SST from
1990 to 2013.

In conclusion, the main impact factor in TC
generation before the mid-1990s is the positive
anomalous SST in the warm pole of tropical Pacific (or
the tropical Pacific SST anomalies pattern). Specifically,
the warmer SST would not only provide the high heat
and humidity for TC formation but also stimulate the
upward movement that avails the development of
convection and the decrease of low-level pressure. After
the abrupt change of TC number in 1995, the
anomalous westerlies, converged by the cold flow from
Southern Hemisphere and the warm flow from Northern
Hemisphere, together with the atmospheric circulation
environment adapting to this anomalous westerlies,
contribute to the enhancement of atmospheric instability,
the intensification of convection disturbance, and the
anomalous cyclonical circulation on low levels. All
these atmospheric circulation factors have much more
prominent effects on TC generation relatively.

Figure 9. The zonal (110°E-180° ) vertical section of composite mean difference of typhoon season 5-25°N meridional-mean
omega (units: 10-2 Pa/s) in typical more and less TCs years in the separate stages (a) before 1995 and (b) after 1995. The omega
data is magnified one hundred times. The deep (shallow) shaded areas represent α=0.05 (0.10) significant level.
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6 CONCLUSION AND DISCUSSION

In this paper, we first find the significant abrupt
change year in TC number. Then we focus on the
interdecadal variation characteristics of environmental
impact factors related to TC generation before and after
the abrupt change of TC number. We last examine the
different contributions of these environmental factors to
the interannual variation of TC number during the
individual stages before and after the abrupt change in
further detail. The main conclusions of this study are as
follows.

(1) The time series of yearly numbered TCs over
the western North Pacific including the South China Sea
is characterized by pronounced interdecadal variation.
The TC number shows a significant abrupt change from
more to less around 1995 by the Mann-Kendall test.

(2) After the abrupt change of TC number in 1995,
the vertical upward movement decreases, vertical shear
of tropospheric zonal wind increases, and sea level
pressure rises, all of which are unfavorable to TC
generation and work together to make TC number
reduce significantly after 1995. Although the warmer
SST in western equatorial Pacific and a La Ni觡a-like
pattern appear obviously, the TC number still shows an

obvious reduction after 1995. These results demonstrate
that the influence of tropical Pacific SST anomalies
pattern on TC generation is not primary after 1995.
Besides, the northwestward shift in TC generating
location after 1995 is partly influenced by this La Ni
觡a-like pattern.

(3) The comparative studies of interannual
variation of TC number during the individual stages
before and after 1995 reveal that, the main impact
factor in TC generation before 1995 is the SST
anomalies pattern in the tropical Pacific, while the
atmospheric circulation has much more crucial influence
on TC formation after 1995. Thus we conclude that the
primary impact factor for the interannual variation of
TC generation alters from the SST environment before
1995 into the atmospheric circulation after 1995.

It should be noted that, the environmental factors
also experience interdecadal changes in the mid-1990s,
which hints that the combined action of these
environmental factors might make the TC number
change abruptly around 1995. Recent research indicated
that an abrupt change of atmospheric circulation also
occurs in the 1990s [25, 26, 40-45]. Whether the abrupt change
of TC number correlates with the climatological
variation is an interesting issue that needs further

Figure 10. The interannual zonal (110°E-180°) distributions of 11-year running correlation coefficients between typhoon season TC
number and 0-30°N meridional-mean (a) SST, (b) 850hPa zonal wind, (c) 850hPa omega, and (d) tropospheric vertical zonal wind
shear. The solid and dashed lines respectively represent positive and negative correlation. Dotted areas indicate α=0.05 significant
level.
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investigation.
As we know, ENSO is the strongest signal in the

interannual global air-sea coupled system, and hence
has always been the primary climate forecasting factor.
Although numerous studies have reported that the El
Ni觡o events correspond to more TC generations, the
analyses in this paper point out that the particular role
of El Ni觡o Modoki in TC formation in recent years is
worthy of attention.
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