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Chapter 4

VARIABILITY OF TYPHOON TRACKS
AND GENESIS OVER THE WESTERN NORTH PACIFIC
Hisayuki Kubota*
Research Institute for Global Change,
Japan Agency for Marine-Earth Science and Technology
(RIGC, JAMSTEC), Yokosuka, Japan

ABSTRACT
The variability of typhoon tracks and genesis over the Western North Pacific (WNP)
is reviewed in terms of intraseasonal to interdecadal time-scales. Intraseasonal variability
of typhoon activity is related to the phase of Madden-Julian Oscillation and to shorter
periods of 10-30 day westward propagating disturbances. Modulations of typhoon
activity associated with the El Niño Southern Oscillation are found in typhoon genesis
location, landfall numbers, intensity, life span, and typhoon rainfall; the mechanism is
mainly due to the relocation of monsoon trough with the eastward shift of the Walker
circulation. Pacific-Japan pattern of the Asian summer monsoon, Indian Ocean warming,
and Quasi-Biennial Oscillation also influence the interannual variability of typhoon
activity. Interdecadal variability of typhoon activity is found in the WNP: however there
are many discrepancies among various studies on this topic. Short period of typhoon
track dataset and difference between typhoon track datasets make it difficult to draw a
unified picture of typhoon variability. The recovery of historical typhoon track data,
which has not been used in the typhoon studies, will be a great tool for studying longterm variability.

INTRODUCTION
Typhoon can cause disasters in countries around the Western North Pacific (WNP) due to
strong wind, heavy rain and powerful storm surge. When the first instrumental observation
was conducted in the 19th century in East Asia, it was high priority to identify typhoon before
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its arrival and to issue warning of approaching typhoon in order to save people’s lives [1].
Seasonality of major typhoon tracks was investigated since the late 19th century [2].
Climatology of seasonal change of typhoon tracks was known as early as the 1920s [3, 4].
Besides seasonality of typhoon tracks, the variability of typhoon formation was focused on
after the atmospheric oscillations such as the El Niño-Southern Oscillation (ENSO) and
Madden-Julian Oscillation (MJO) were discovered [5-7].
Typhoon track dataset is necessary for typhoon studies. Typhoon track dataset over the
WNP, however, has gaps during the World War II (WWII). Most of the typhoon studies used
typhoon track dataset after the WWII. This chapter first focuses on the history of typhoon
track dataset, and then reviews atmospheric intraseasonal to interdecadal variability over the
WNP and its influence on typhoon activity in the region.

HISTORY OF DETECTING TYPHOON TRACKS OVER THE WNP
The study on the variability of typhoon activity began after the typhoon tracks were
recorded over the WNP. Continuous instrumental weather observations over the WNP started
at a meteorological station in Manila of the Philippines in 1865. The Manila Observatory was
established by Spanish Jesuits [8]. The first remarkable typhoon passage was observed at
Manila station around September 27 1865 (Figure 1) [9]. Barometer measured minimum
pressure in early morning of Sep. 27. Counter-clockwise change of wind direction during the
typhoon passage indicates a typhoon passed east or north of Manila. Typhoon tracks have
been continuously recorded from 1879 [2]. By accumulating the typhoon track reports around
the Philippine Archipelago, Algué [2] noted seasonal variability of typhoon track over the
WNP using the typhoon track data from 1879 to 1894 (Figure 2). The cyclonic structure of
typhoon and clouds and rain associated with typhoon system were investigated by Algué [10].
Hurricane-induced waves and swells were also reported in this study. Seasonal numbers of
typhoon and main typhoon tracks were classified. Due to the limitation of the observation
coverage in the WNP, the maximum numbers appeared in September instead of August in a
recent analysis by Joint Typhoon Warning Center (JTWC) (Figure 3). The Manila
Observatory was renamed as the Philippine Weather Bureau after 1901 by American
meteorologists.
Jesuits missionary expanded to China and established Zi-Ka-Wei Observatory near
Shanghai in 1872 [8]. Typhoon track analysis was performed by Forc [3], who used typhoon
track data from 1893 to 1918. Compared to Manila station, Zi-Ka-Wei station was located
much north near 31°N, therefore not only tropical cyclones (TCs) but also mid-latitude
cyclones passed over this region. Froc [3] did not separate cyclones from typhoons in his
study. Another independent meteorological agency established in Tokyo Japan in 1876. The
Tokyo Meteorological Observatory started to draw isobar contours to make weather map
since 1883. First remarkable typhoon was observed through a weather map on August 25
1884 (Figure 4). Typhoon was located on the west coast of Kyushu Island. The Tokyo
Meteorological Observatory was renamed to the Central Meteorological Observatory of
Tokyo Japan (CMOJ: formerly the Japan Meteorological Agency), which recorded typhoon
tracks. Another independent meteorological agency was established in Hong Kong in 1884.
The Royal Observatory Hong Kong also recorded typhoon tracks by collecting weather
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information through telegram. There was no typhoon definition to distinguish it from weak
tropical disturbances at that time. Only the Philippine Weather Bureau used 750mmHg (about
1000hPa) for typhoon definition in its bulletins.

Figure 1. Time series of meteorological observations (pressure, temperature, humidity, and wind
direction) in the Manila Observatory during the typhoon passage of September 26-28, 1865. After
Depperman [9].
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Figure 2. Typhoon tracks on September 1879-1894. After Algué [2].

Figure 3. Monthly-mean number of typhoon over the WNP from 1945 to 2009 based on the
JTWC dataset (boxes) and from 1880 to 1901 of the Philippine Weather Bureau. After Algué
[10].
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Figure 4.Weathermap of August 25, 1884. Provided by the JMA.

Typhoon study developed in the early 20th century at the Philippine Weather Bureau.
Weather station grew to more than 300 stations in the Philippines by 1940. Fine surface
structures of typhoon were investigated by Deppermann [9] who updated and corrected the
surface structure of typhoon fromAlgué [10]. However the Philippine Weather Bureau
stopped reporting typhoon tracks in its monthly bulletins in August 1940. From September
1940, Japan started reporting observations in the Philippines, Indochina Peninsula, Malaysia,
Thailand, Indonesia, and New Guinea in the Monthly Bulletins of Southern Seas. CMOJ
could trace typhoon tracks over a wide region near the dateline in the WNP from 1940 [11].
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Aircraft reconnaissance of weather observations was performed by Japan in 1940, and
aviation investigation report was published by the CMOJ. However after the WWII outbreak
the coverage of typhoon track area over the WNP shrunk year after year (Figure 5) [12]. In
1941 typhoon tracks were detected up to 160°E. However in 1944 most typhoons in the data
were located west of 150°E due to the battles that prevented data collection from the eastern
part of the study region. It means the typhoon was generated and passed in the eastern part,
however, observation was limited due to the battle with America.

Figure 5. Typhoon tracks (lines) and genesis location (dots) over the WNP from 1941 to 1944 based on
the CMOJ typhoon track dataset.

Americans began widespread aircraft reconnaissance over the WNP in 1945. From this
year on, Americans started reporting the typhoon (tropical storm) best track data using new
definition of exceeding 35kt of 1-minute average of the maximum wind speed near the storm
center for TC, and the JTWC started tomonitor typhoon tracks from 1959. After the WWII,
the Shanghai Typhoon Institute started reporting typhoon track dataset by a new typhoon
definition, same as the JTWC’s but using two-minute average data from 1949; the Japan
Meteorological Agency (JMA) started from 1951, and the Hong Kong Observatory (HKO),
from 1961. Both JMA and HKO used the same criteria of maximum wind speed for typhoon
definition, namely for 10-minute average.

Variability of Typhoon Tracks and Genesis Over the Western North Pacific

101

After the new typhoon best track data became popular, old typhoon track data was
gradually forgotten. Gao and Zeng [13] combined four old typhoon track datasets from 1884
to 1955. Chin [14] published typhoon track data from 1884 to 1953 based on the collection of
the four typhoon track datasets. However, no one used these datasets for a long time.
Recently, climate change and global warming issues became a great concern; their influences
on typhoon were highlighted. The demand for historical typhoon track data became high. The
recovery of historical typhoon track data was then carried out. The Central Weather Bureau of
Taiwan created a typhoon track dataset in the vicinity of Taiwan from 1897 to 1996 [15]. The
HKO digitized the typhoon track locations in Chin [14] and interpolated the data into 6hourly data. Kubota and Chan [16] recovered and digitized typhoon track data of the
Philippine Weather Bureau. Now the International Best Track Archive for Climate
Stewardship (IBTrACS) project is underway [17] to collect global long-term typhoon track
data.

INTRASEASONAL VARIABILITY
Over the WNP, tropical convection activities vary with large-scale atmospheric
condition. Their time scale can be separated according to their dynamical structures. The
main processes are solar radiation and equatorial waves. Solar insolation promotes diurnal
and seasonal time scales due to the Earth’s rotation and revolution cycles. Equatorial waves
are coupled with convections [18]. Off-equatorial rotational mode involves Rossby wave
mode. Over the WNP, MJO is dominant by 30 to 60 day periods, with a structure of the
combination of Kelvin and Rossby waves [19-21]. The MJO consists of large-scale
convective systems and propagates eastward from the equatorial Indian Ocean to the central
Pacific. During the active phase of MJO, strong westerly wind bursts are observed near the
equator and cyclone pairs are observed in off-equatorial regions in both Northern and
Southern hemispheres [22-24]. Some of the cyclones developed into typhoons. The
relationship between MJO and typhoon activity was first examined by Liebmann et al. [25].
The number of typhoon increased during the active phase of MJO. However, the ratio of
storms vs typhoons formed from depressions did not change with the phase of MJO. Even in
the absence of MJO, typhoon number increased in the active phase of intraseasonal
oscillation. During the Asian summer monsoon season, intraseasonal oscillation of convective
activity modulates, and northward propagation can be seen over the WNP [26, 27].
Oscillations of convective activity with shorter periods of 10 to 30 days over the offequatorial region have westward propagating characteristics and large amplitude during
September and December [27-30]. Typhoon activity is also modulated by 20 to 25 day
oscillation during this season [28]. Figure 6 shows the frequency of the TC within 10 degrees
of radius of 12.5°N 142.5°E in Guam divided by eight bins of phases in 20-25 day
oscillations. Highest pressure in Guam occurred in phase 3 and lowest pressure in phase 7.
TC frequency has intraseasonal oscillation with maximum frequency during the lowest
pressure in phase 7.
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Figure 6. Histogram of tropical cyclone (TC) frequency within 10-degree radius of 12.5°N 142.5°E in
eight phase bins of 20-25 day oscillations in Guam. Highest pressure in Guam occurred in phase 3 and
lowest pressure in phase 7. After Hartmann et al. [28], with the permission of the American
Meteorological Society.

INTERANNUAL VARIABILITY
El Niño Southern Oscillation
The most prominent atmospheric and oceanic interannual variability over the WNP is the
ENSO. During El Niño, the warmest sea-surface temperature (SST) region shifts eastward
and favorable condition for convection moves to the central Pacific, along with the eastward
shift of the Walker circulation [31]. The change of typhoon formation during El Niño was
found by Atkinson [32]. Chan [33] noted the number of typhoon was correlated to the
Southern Oscillation Index (SOI), with the SOI leading about one year. It means typhoon
number decreases in the year following the El Niño event. However Lander [34] disagreed
that there was any correlation of annual typhoon number over the WNP with ENSO. Instead,
he pointed out that the displacement of the typhoon genesis location was robustly associated
with ENSO. During the developing phase of El Niño, typhoon genesis location shifted
eastward [34-36]. Figure 7 shows the TC generated at EQ-20°N, 160°-180°E mostly during
low SOI. And a north to south shift of typhoon genesis location was seen during the summer
of El Niño [37]. These displacements of typhoon genesis locations can be explained by the
eastward and southward relocations of monsoon trough during El Niño [34, 37]. Monsoon
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trough is consisted by moist southwesterly monsoon flow in the south and northeasterly trade
wind in the north where the cyclonic rotation tends to form typhoons [38, 39]. Chia and
Ropelewski[40] added 200-850 hPa vertical wind shear, western Pacific SST, and the position
and strength of western Pacific subtropical high as components related to the displacement of
typhoon genesis location associated with ENSO.
Typhoon landfall number in Southeast Asia usually increases during summer and autumn
monsoon seasons in the climatology. During summer of the developing phase of El Niño,
typhoon landfall number increases in Southeast Asia, which is associated with the southward
shift of typhoon genesis location [41]. On the other hand, typhoon landfall number decreases
in autumn in Southeast Asia including Philippines due to the eastward shift of typhoon
genesis location [42-44].

Figure 7. TC genesis locations in early season (from March to mid-July), mid season (from mid-July to
October) and late season (from October to January) for the five highest SOI (a) and five lowest SOI (b)
during 1970-1991. After Lander [34], with the permission of the American Meteorological Society.

Typhoon life span and intensity are also influenced by the displacement of typhoon
genesis location associated with the ENSO. During El Niño developing year, typhoon genesis
location shifts southeastward to near the date line. Figure 8 shows typhoon tracks in autumn
of El Niño and La Niña year. Typhoon tends to curve northward in El Niño years [45].
Typhoon usually moves west-northwestward, therefore it travels a long distance in about
seven days on average in El Niño years (only four days in La Niña years) over the warm pool
region. This means typhoon can intensify while it travels a long span over a favorable
condition for its development, and typhoon becomes more intense during El Niño [46, 47].
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Figure 8. Typhoon tracks during September to November (SON) in six strong El Niño years (1965,
1972, 1982, 1987, 1991, and 1997) (a) and six strong La Niña years (1970, 1973, 1975, 1988, 1998, and
1999) (b). (c) The difference in the total number of typhoon occurrence in each 2.5° by 2.5°grid during
SON between the strong warm and cold years. Shading indicates areas where the difference is
statistically significant at the 1% confidence level. After Wang and Chan [45] with the permission of
the American Meteorological Society

Rainfall associated with typhoon has a strong impact on the environment. Rodger et al.
[48] estimated monthly typhoon rainfall using the Special Sensor Microwave Imager (SSM/I)
satellite data, and found about 12% of the climatological rainfall comes from typhoon over
the WNP from June to November. In particular, local typhoon rainfall exceeds 60% in
Taiwan from July to October [49]. Typhoon rainfall shows interannual variability associated
with the ENSO. In the Philippines, summer rainfall increases and autumn rainfall decreases
during El Niño and the contrast of summer and autumn rainfall comes from the combined
contribution of typhoon rainfall increase of 29.8% in summer and decrease of 27.9% in
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autumn [44, 50]. Kubota and Wang [49] analyzed the regression of rainfall to winter Niño 3.4
SST in Figure 9. They separated rainfall into TC rainfall and non-TC rainfall and showed the
increase in summer rainfall over the WNP islands was primarily caused by typhoon rainfall
during the developing phase of El Niño. They found little change in autumn rainfall in El
Niño years over the WNP islands, which is due to the offset of increasing typhoon rainfall
and decreasing non-typhoon rainfall. Although the Walker circulation shifts eastward away
from the WNP islands during El Niño, major typhoon tracks travel over the WNP islands
west-northwestward and produces typhoon rainfall.

Figure 9. (a) (left) Regressed total rainfall, (middle) TC rainfall, and (right) non-TC rainfall anomalies
during summer of El Niño/ La Niña developing year onJJA (0). The regression was made with respect
to the Niño 3.4 SST in the mature phase of DJF(0/1), where 0 and 1 denote the El Niño/ La Niña
developing and decaying years, respectively. The regressed rainfall has been divided by the
corresponding seasonal means. (b)- (d) Same as (a), but for SON (0), DJF (0/1), and MAM (1),
respectively. Larger symbols represent that the correlation coefficient is statistically significant at 95%
confidence level. Color shadings indicate the regressions of rainfall anomalies. After Kubota and Wang
[49] with the permission of the American Meteorological Society.

Recently a different type of El Niño was observed with a central Pacific SST warming
near the dateline [51]. TC activity is also affected differently due to the different impact on
atmospheric circulation [52].
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Pacific-Japan Pattern
One of the dominant modes during Asian summer monsoon is the so-called Pacific-Japan
(PJ) teleconnection pattern, defined by Nitta [53]. The PJ pattern is characterized by
anomalous circulation between tropical convections over the Philippine Sea and anticyclones
over the midlatitude. Anomalous convections over the Philippine Sea promote Rossby wave
teleconnection poleward in intraseasonal and interannual time-scales [53-58]. Kawamura and
Ogasawara [59] showed typhoon activity can produce anomalous convections as a heat source

Figure 10. Summer JAS TC passage frequency for climatology, and difference between positive and
negative PJ phases (b) with ENSO years and (c) selected from normal years. Solid and dashed contours
indicate 5870 gpm for the positive and negative PJ phases, respectively. Small squares within circles
are significant at the 95% confidence level. After Choi et al. [61] with the permission of the American
Geophysical Union.
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and, therefore, induces the PJ pattern. Yamada and Kawamura [60] mentioned the dynamical
link between typhoon and PJ pattern in summer and autumn, that is, the PJ pattern remotely
activates frontal system around Japan. From the view point of the Asian monsoon variability
associated with the PJ pattern, typhoon genesis and track are strongly influenced by the PJ
pattern [61]. Figure 10 shows typhoon forms in a larger number in northern locations during
positive PJ pattern,which has more anomalous active convections over the Philippine Sea.
Typhoon passes more frequently over northern regions toward Okinawa of Japan and Korea.
The ENSO and the following summer PJ pattern are negatively correlated. Convections are
active over the Philippine Seaduring the following summer of La Niña. The linkage between
PJ pattern and typhoon variability becomes similar to that during the following summer of
ENSO.

Indian Ocean Influence
El Niño teleconnection induces broad tropical Indian Ocean warming about three to six
months after the peak SST of the equatorial eastern Pacific [62]. El Niño teleconnection also
forces anomalous anticyclone over the WNP during the mature winter to next spring, which
suppresses convections [63]. The delayed warming in the Indian Ocean acts as a capacitor,
being charged up over the Indian Ocean for the following summer of El Niño year and
influencing anomalous convective suppression over the Philippine Sea in summer [64]. The
warm tropospheric Kelvin waves can trigger anomalous anticyclone over the WNP. Typhoon
genesis number decreases over the WNP associated with the suppression of convective
activity in the following summer after a strong El Niño[65]. Figure 11 shows the typhoon
number, genesis potential [66], and zonal wind vertical shear (200 hPa minus 850 hPa) in the
WNP (120°-180°E, 5°-25°N) during strong El Niño years. Typhoon number decreases in the
following year of El Niño, due to unfavorable condition for typhoon genesis. The SST
anomaly over the western and eastern equatorial Pacific is almost disappeared in the
following summer after El Niño peak. Therefore, El Niño teleconnection becomes weak in
the following summer. The capacitor effect of Indian Ocean warming may also suppress the
convection and typhoon activity over the WNP.
Zhan et al. [67] discussed the influence of ENSO and eastern Indian Ocean SST anomaly
(EIO SSTA) on typhoon activity over the WNP, respectively. The EIO SSTA affects the
typhoon genesis number of weak to normal typhoons over the entire WNP; however the
ENSO affects the number of intense typhoon activity. The mechanism for the warm EIO
SSTA impact on the typhoon activity over the WNP is hypothesized by Xie et al. [64], as the
reduction of land-sea thermal contrast in the maritime continent through the weakening of
monsoon trough activity and warm equatorial Kelvin wave.
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Figure 11. TC number (gray bars), genesis potential (GP) [66], zonal wind vertical shear (200hPa minus
850hPa; ms-1), surface wind vorticity (10-6s-1) anomalies in the WNP (120°-180°E, 5°-25°N) during
three strong El Niño events (1972/73, 1982/83, and 1997/98). After Du et al. [65] by the permission of
the American Meteorological Society.

Quasi-Biennial Oscillation
The relation of typhoon activity to stratospheric Quasi-Biennial Oscillation (QBO) was
the focus of Chan [68]. The QBO is an alternation of downward propagating westerly and
easterly wind regimes in about 28 months over the equatorial stratosphere up to 50km [69].
The typhoon number over the WNP tends to increase during the westerly phase of the QBO.
Gray et al. [70] hypothesized that upper-troposphere vertical shear decreases during the
westerly wind regime, which creates favorable condition for convection and typhoon.
However, the influence of the QBO is not large compared to that of the ENSO in terms of
modulating typhoon activity over the WNP.

LONG-TERM VARIABILITY
When typhoon track data are accumulated for decades, the study for long-term variability
of typhoon number becomes possible. Webster et al. [71] concluded the number of strong
typhoon of Categories 4 and 5 had an increasing trend from 1970 to 2004 based on the JTWC
typhoon track data. Emanuel [72] defined a power dissipation index as a potential
destructiveness of typhoons and showed an increasing trend from the mid 1970s. Both studies
showed a correlation of typhoon number with global warming of SST. However, Chan [73]
claimed that this increasing trend of typhoon numbers is only part of the interdecadal
variability. Kamahori et al. [74] showed an opposite trends of intense typhoon days in the
JTWC and JMA typhoon track datasets. Chan and Liu [75] pointed out that the seasonal
average of typhoon activity had no significant relationship with the SST in the WNP.
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Chan and Shi [76] analyzed interdecadal variability of annual number of typhoon in the
WNP from 1959 to 1994. High typhoon number appeared in the 1960s, low number in the
late 1970s, and it increased again toward the mid 1990s. Yumoto and Matsuura [77] analyzed
interdecadal variability of typhoon number from 1951 to 1999 over the WNP (Figure 12).
There were enhanced periods of typhoon activity during 1961-72 and 1986-94 and weakened
periods during 1951-60 and 1973-85. The authors suggested that favorable condition for deep
convections was found during the period of high typhoon number. Anomalous high SST,
anomalous low-level relative vorticity, and anomalous high-level divergence were seen east
of 150°E in the WNP. Matsuura et al. [79] explained the mechanism of the interdecadal
variability of typhoon activity using the NCEP/NCAR reanalysis data and a coupled general
circulation model. However, for the explanation of long-term variability in typhoon number,
interdecadal variability in the NCEP/NCAR reanalysis data has a discrepancy with the
observation data [80, 81]. The explanation based on the reanalysis data for interdecadal
variability needs to be verified.

Figure 12. Annual typhoon numbers (bar chart) and smoothed annual number by 4(3RSR) running
median smoothing [78] (line graph) during 1951-1999. After Yumoto and Matsuura [77] with the
permission of Meteorological Society of Japan.

Interdecadal change of typhoon track was discussed by Ho et al. [82] and Wu et al. [83].
Both studies showed westward shift of typhoon tracks in the past 40 years. However, there
exist discrepancies in typhoon track shift locations in the South China Sea and East China
Sea, depending on typhoon track datasets the authors used. Both studies explained the
typhoon track shift by the expansion of the WNP high using NCEP/NCAR reanalysis data.
Interdecadal variability of regional typhoon activity was carried out in Taiwan and
Philippines. Tu et al. [84] showed a shift of typhoon number in terms of their passage in the
vicinity of Taiwan before and after 2000 with the northward shift of typhoon tracks from the
South China Sea and Philippine Sea region to Taiwan region. Kubota and Chan [16]
recovered historical typhoon track data from the Philippine Weather Bureau from 1902 to
1940 and counted typhoon landfall number in the Philippines from 1902 to 2005 (Figure 13).
Interdecadal variability of landfall number was studied but, no trend was found.
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Figure 13. Annual typhoon landfall number in the Philippines using the Philippine Weather Bureau
typhoon dataset (from 1902 to 1939; red curves), JTWC (from 1945 to 2005; blue curves), and JMA
(from 1951 to 2005; green curves), where the thick curves are for 10-year-running mean. After Kubota
and Chan [16] with the permission of the American Geophysical Union.

There are many discrepancies in various studies on the interdecadal variability of typhoon
activity. One of the problems is that each typhoon track dataset over the WNP is made by
different wind speed definition and used by different Dvorak technique to determine the
typhoon intensity [85]. Discontinuity in these techniques used for creating typhoon track
dataset due to the deactivation of the American aircraft reconnaissance for direct typhoon
observation over the WNP in 1987 and the improvement of Dvorak technique also created
problems. At present length of available typhoon track dataset is not sufficient for
interdecadal studies. The trial to recover historical typhoon track data will be a great tool for
long-term variability study.

SUMMARY
The typhoon number and tracks in the WNP have intraseasonal to interdecadal timescalesassociated with large-scale atmospheric and oceanic conditions. The conditions for deep
convections and typhoon activity over the WNP have changed due to the phase change in
intraseasonal and interannual time-scales, such as the MJO and ENSO. Typhoon number
increases during the active phase of MJO. However, even in the absence of MJO typhoon
number can increase in the active phase of intraseasonal oscillation. Typhoon activity was
also related to shorter periods of 10 to 30 day westward propagating disturbances. The
modulation of typhoon associated with ENSO is found in the WNP. During El Niño, typhoon
genesis location shifts southeastward; landfall number increases in summer and decreases in
autumn in Southeast Asia; typhoons become more intense and have longer life span; and
typhoon rainfall increases in both summer and autumn but is offset in autumn by the
reduction in non-typhoon rainfall over the WNP islands. The mechanism of southeastward
shift of typhoon genesis locations is explained by the relocation of monsoon trough with the
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eastward shift of the Walker circulation. The Pacific-Japan pattern of Asian summer monsoon
affects the typhoon number in northern regions of the WNP. Indian Ocean warming reduces
typhoon number in the WNP by teleconnection. QBO also has an impact on the variability of
typhoon number through the upper-troposphere vertical shear. Interdecadal variability of
typhoon activity is found in the WNP. However, typhoon studies on interdecadal time-scale
have many discrepancies due to the short period of typhoon track datasets. There are also
differences in typhoon track datasets in terms of typhoon definition and the quality of
datasets. Recently, climate change and global warming issues became a great concern, and
their influences on typhoon are highlighted. The demand for long-term typhoon track data
becomes higher. The trial to recover historical typhoon track data will be a great tool for longterm variability study. A unified typhoon track dataset over the WNP for a hundred years will
help to answer this question.
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