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Abstract: This study identified the causes of the nonoccurrence of tropical cyclones (TCs) in
August 2014 by examining large-scale environments. First, over the previous 30 years, the TC
genesis frequency in August showed an overall statistically significant decline. In the tropical
and subtropical western Pacific, the outgoing longwave radiation anomaly index also exhibited
an overall increase until recently. Regarding precipitable water and precipitation, an analysis was
performed on the difference between the mean values for August 2014 and the mean values for
August over the previous 30 years. As a result, while convective activities were suppressed in the
tropical and subtropical western Pacific, convective activities were strong in the mid-latitudes of
East Asia. This indicates that while the western North Pacific summer monsoon was weakened in
August 2014, the East Asian summer monsoon was strengthened. The weakening of the western
North Pacific summer monsoon may have made it difficult for TCs to occur. An analysis of 850 hPa
and 500 hPa stream flows showed the strengthening of anomalous huge anticyclonic circulations
in the tropical and subtropical western Pacific, whereas anomalously cyclonic circulations were
reinforced in the mid-latitudes of East Asia. This was associated with the result that the western
North Pacific subtropical high (WNPSH) showed further westward and southward expansion in
August 2014 compared to the climatological mean WNPSH. Therefore, TCs were unlikely to occur in
the tropical and subtropical western Pacific, but anomalous cold northerlies and anomalous warm
southerlies converged in the Japanese Islands after originating in China’s central region and passing
the East China Sea. Therefore, a favorable environment for the occurrence of precipitation had
been formed.

Keywords: tropical cyclones; August 2014; western North Pacific summer monsoon; East Asian
summer monsoon

1. Introduction

Every year, over one-third of the TCs that occur throughout the world are located in the western
North Pacific. A better understanding of the mechanism of TC activities can help prevent disasters
caused by TCs. To this end, a number of studies have been carried out. Most of these studies have
focused on TC genesis and interannual variations.

First, Atkinson [1] conducted a study on TC genesis frequency and demonstrated that the
frequency of TCs that occurred in the western North Pacific during the summer of 1972 was higher than
the average. Gray [2] identified six physical parameters for TC genesis: (i) low-level relative vorticity;
(ii) local or planetary vorticity (Coriolis parameter); (iii) inverse of the vertical shear of the horizontal
wind between the lower and upper troposphere; (iv) ocean thermal energy due to temperatures above
26.8 ◦C to a depth of 60 m; (v) vertical gradient of equivalent potential temperature between the surface
and 500 mb (hPa); and (vi) middle-troposphere relative humidity. As the thresholds for TC genesis,
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there is the “seasonal genesis parameter” by Gray [3] and the “genesis potential index” by Emanuel
and Nolan [4].

Chan [5] suggested, based on a spectral analysis, that the El Niño-Southern Oscillation (ENSO)
was closely associated with TC genesis frequency. Contrarily, Ramage and Hori [6] argued that no clear
correlations existed between the two variables. Some studies analyzed that the TC genesis and TC
track in the western North Pacific were deeply related to various climate factors such as the Antarctic
Oscillation (AAO), Arctic Oscillation (AO), and North Pacific Oscillation (NPO) [7,8].

Meanwhile, some studies researched the relationship between TC genesis locations and the ENSO.
Chan [5], Dong [9], and Lander [10] showed that the frequency of TCs that occurred in the area west
of 160◦E decreased during the El Niño years, whereas the frequency of TCs that occurred in the area
south of 20◦N in the west of 160◦E increased. In addition, these studies mentioned the formation of
opposite patterns during the La Niña years.

Lander [10] reported that monsoon troughs were mostly located in favorable regions for TC
genesis. McBride [11] showed that major TC genesis locations mostly coincided with the regions where
sea surface temperatures (SSTs) were 26.5 ◦C or above and monsoon troughs were located. However,
Chen et al. [12] argued that the south to north or east to west movements of monsoon troughs were
a more important variable for TC genesis locations than SSTs. Furthermore, Chan [13] discovered
that the TC genesis and TC genesis frequency showed large variations not only during the El Niño
and La Niña years, but also the years before and after these years. He also made efforts to correlate
TC genesis locations and TC genesis frequency with large-scale environments by performing a case
study regarding this characteristic. As the above studies showed, existing studies on the western
North Pacific TC genesis are mostly focused on interannual variations.

Along with a great deal of studies on interannual variations of TCs, studies on interdecadal
variations also exist. Gray et al. [14] suggested the trend that the TC genesis frequency was strengthened
during the westerly wind phase of zonal winds in the lower stratosphere. Zhang et al. [15] discovered
that the TC genesis frequency had a periodicity of 6, 15, 21, and 31 years although they could not
identify its physical mechanism. They also presented large changes in TC genesis frequency in the
years 1931, 1959, and 1977. Chan and Shi [16] confirmed that the overall TC genesis frequency had
increased since the early 1990s using polynomial regression equations. However, this increasing trend
has turned into a decreasing trend since the 2000s. Yumoto and Matsuura [17] showed that the recent
49-year period (1951–1999) could be divided into two high-frequency periods (1961–1972, 1986–1994)
and two low-frequency periods (1951–1960, 1973–1985) based on TC genesis frequency. In addition,
Matsuura et al. [18] performed long-term simulations of the last 50 years using a high resolution
global model, and based on the results, explained interdecadal variations of TC genesis frequency
as the relationship with global warming. Chan [19] reported that the mechanism of interdecadal
variations of the western North Pacific TC genesis frequency could be explained to some extent by
tropical oscillations such as the ENSO and Quasi-Biennial Oscillation (QBO). However, because of the
variability of location, intensity and the degree of expansion in the western North Pacific subtropical
high, he suggested that more in-depth studies should be conducted on interdecadal variations of
TC track and TC intensity. Chia and Ropelewski [20] also suggested that the ENSO is an important
variable for the seasonal prediction of TCs, but it is not a single variable.

Notably, there was not even a single TC during August 2014 since starting the observation of TCs
in the western North Pacific. Therefore, this study intended to analyze the causes of the nonoccurrence
of TCs in August 2014. Nakazawa [21] analyzed that the low TC genesis frequency in 1998 resulted
from the strengthening of anomalous upward flows in the eastern Pacific and the strengthening of
anomalous downward flows in the western Pacific due to the reinforcement of El Niño between 1997
and 1998. Kim et al. [22] showed that although the lowest TC genesis frequency was recorded in
2010 since starting the observation of TCs, the frequency of TCs that affected coastal countries in
East Asia was high. They suggested that the main reason for this was the weakening of monsoon
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troughs along with the abnormal development of the western North Pacific subtropical high because
of the strengthening of La Niña.

In Section 2, this study’s data and analysis methods are introduced. In Section 3, the time series of
TCs that occurred during August in the western North Pacific is analyzed. In Section 4, the causes
of the nonoccurrence of TCs in August 2014 are analyzed by examining large-scale environments.
In Section 5, this study’s results are summarized.

2. Data and Methods

2.1. Data

The TC data in this study was obtained from the best-track of TC provided by Regional Specialized
Meteorological Center (RSMC)-Tokyo Typhoon Center. This data consists of TC name, latitude and
longitude location of TC, TC central pressure, and TC Maximum Sustained Wind Speed (MSWS),
which were observed in every 6 h for 30 years from 1985 to 2014.

Moreover, this study also used the variables of geopotential height (gpm), zonal and meridional
winds (m·s−1), precipitable water (kg·m−2), relative humidity (%), and specific humidity (g·kg−1)
data from National Centers for Environmental Prediction-National Center for Atmospheric Research
(NCEP-NCAR) reanalysis in 1985 to 2014 [23,24]. This NCEP-NCAR reanalysis data consisted of
spatial resolution such as latitude and longitude 2.5◦ × 2.5◦ and 17 vertical levels (relative humidity is
16 vertical levels and precipitable water is 1 level). Also, velocity potential consisted of a grid box such
as latitude and longitude 192 × 94 and five sigma levels (1000, 850, 500, 200, 100 hPa).

The NOAA Extended Reconstructured monthly Sea Surface Temperature (SST) [25], available
from the same organization, was also used. The data have a horizontal resolution of 2.0◦ × 2.0◦

latitude-longitude and are available for the period of 1854 to the present day.
In addition, the Climate Prediction Center (CPC) Merged Analysis of Precipitation (CMAP)

data [26], the horizontal spatial resolution of which is the same as the NCEP-NCAR reanalysis dataset.
This data is based on the monthly average and is available from 1979 to the present day. The CMAP
data, which is global precipitation data that covers the ocean, are derived by merging rain gauge
observations, five different satellite estimates, and numerical model outputs.

The NCEP/NCAR reanalysis uses a frozen state-of-the art global data assimilation system and
a database as complete as possible. The data assimilation and the model used are identical to the
global system implemented operationally at the NCEP on 11 January 1995, except that the horizontal
resolution is T62 (about 210 km). The database has been enhanced with many sources of observations
not available in real time for operations, provided by different countries and organizations. The system
has been designed with advanced quality control and monitoring components, and can produce 1 mon
of reanalysis per day on a Cray YMP/8 supercomputer.

2.2. Methods

The vertical wind shear (VWS) to diagnose the large-scale condition is calculated as follows:

VWS =

√
(u200−850)

2 + (v200−850)
2 (1)

where, u and v indicate zonal and meridional flows, respectively. 200 and 850 represent 200 hPa and
850 hPa levels, respectively [27].

In this study, the mean value for the 1985 to 2014 period (30 years) was used as the climatological
mean to calculate the anomaly for August 2014.

For the outgoing longwave radiation (OLR) index and OLR anomaly, this study used the data
published by the Earth System Research Laboratory (ESRL) / the National Oceanic and Atmospheric
Administration (NOAA). In addition, the Niño-3.4 index was provided by the Climate Prediction
Center (CPC) / the NOAA.
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2.3. Definition of Western North Pacific Monsoon Index (WNPMI)

The western North Pacific monsoon index (WNPMI) is calculated using the below equation [28].

WNPMI = UWND850 (1)(5−15N,100−130E) − UWND850 (2)(20−30N,110−140E) (2)

UWND850 indicates a zonal wind at 850 hPa. In this equation, if the UWND850(1) shows
a positive value (strengthening of westerlies) and the UWND850(2) shows a negative value
(strengthening of easterlies), the WNPMI comes to have a positive value. This indicates the
strengthening of monsoon troughs in the tropical and subtropical western North Pacific. The contrary
concept indicates the weakening of monsoon troughs in the tropical and subtropical western North
Pacific. In other words, when the WNPMI has a positive (negative) value, anomalously cyclonic
(anticyclonic) circulations are intensified in the tropical and subtropical western North Pacific.
Regarding this issue, Wang and Fan [28] demonstrated that strong (weak) western North Pacific
monsoons were caused by stronger (weaker) convections in the tropical and subtropical western North
Pacific by analyzing OLR.

2.4. Definition of East Asian Summer Monsoon Index (EASMI)

This study defined the EASMI using the Dynamical Normalized Seasonality (DNS) index
developed by Li and Zeng [29–31]. The basic concept of the DNS index is based on the intensity
of the normalized seasonality of wind fields. As monsoons have highly strong seasonal variations of
winds direction, strong and weak monsoons should be defined using the magnitude of the seasonality
of wind fields. Using this basic concept regarding monsoons, the DNS index is calculated using the
below equation.

δmn =
||V1 − Vmn||

||V||
− 2 (3)

Here, V1 and V denote the January climatological wind vector and July climatological wind
vector. Vmn indicates the monthly wind vector regarding year n and month m. The EASMI is defined
as the area-averaged seasonally (August) DNS at 850 hPa within the East Asian monsoon domain
(10◦N–40◦N, 110◦E–140◦E). The double vertical line indicates the normalized value. The above study
showed a clear correlation between the EASMI calculated using the above equation and the June to
August rainfall in the middle and lower reaches of China’s Yangtze River, thereby proving the validity
of the EASMI’s definition.

Li and Zeng [29–31] showed that the opposite phase between EASM and WNPM was because
there exists local Hadley circulation in East Asia. That is, when the EASM (WNPM) is reinforced,
the WNPM (EASM) is weakened.

3. Time Series Analysis

Figure 1 presents the time series of TC frequencies recorded during August in the tropical
and subtropical western North Pacific over the recent 30 years. The TC genesis frequency exhibits
clear interannual and interdecadal variations. The climatological mean TC genesis frequency in
August was 6.7TCs (dashed line). Most of the years over the observation period until 2001 showed
higher frequencies than the climatological mean TC genesis frequency, whereas many years after 2001
exhibited lower frequencies than the climatological mean TC genesis frequency. Because of these
characteristics of interannual and interdecadal variations, this time series showed an overall decreasing
pattern (thick solid line). This decreasing trend was statistically significant at the 95% confidence level.
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Figure 1. Time series of TC genesis frequency in August in the western North Pacific. Dashed and 

thick solid lines denote a climatological mean TC genesis frequency and trend, respectively. 
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the causes of the nonoccurrence of TCs in August 2014. 

First, an analysis of precipitable water showed negative anomalies in the tropical and subtropical 

western Pacific and the north of China’s northern region (Figure 2a). On the other hand, positive 

anomalies are exhibited in the area ranging from China’s central region and the East China Sea to the 

Japanese Islands. The results of analyzing precipitation are also similar to those of analyzing 

precipitable water (Figure 2b). Negative anomalies are observed in the tropical and subtropical 

western Pacific and the north of China’s northern region (Figure 2b). 
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Figure 2. Differences in (a) precipitable water and (b) precipitation between 2014 and climatological 

mean in August. Contour intervals are 1 kg·m−2 and 1 mm·day−1. Shaded areas denote negative values. 

Figure 1. Time series of TC genesis frequency in August in the western North Pacific. Dashed and
thick solid lines denote a climatological mean TC genesis frequency and trend, respectively.

4. Large-Scale Environments

This study obtained anomalies regarding large-scale environments in August 2014 to identify the
causes of the nonoccurrence of TCs in August 2014.

First, an analysis of precipitable water showed negative anomalies in the tropical and subtropical
western Pacific and the north of China’s northern region (Figure 2a). On the other hand, positive
anomalies are exhibited in the area ranging from China’s central region and the East China Sea to
the Japanese Islands. The results of analyzing precipitation are also similar to those of analyzing
precipitable water (Figure 2b). Negative anomalies are observed in the tropical and subtropical western
Pacific and the north of China’s northern region (Figure 2b).
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mean in August. Contour intervals are 1 kg·m−2 and 1 mm·day−1. Shaded areas denote
negative values.
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On the other hand, positive anomalies are shown in the area ranging from China’s central region
and the East China Sea to the Japanese Islands. The combination of the above results indicates that
during August 2014, convective activities were weakened in the tropical and subtropical western
Pacific, whereas convective activities were strengthened in the mid-latitudes of East Asia. This is
related to the fact that the western North Pacific summer monsoon was weakened, but the East Asian
summer monsoon was strengthened.

Therefore, this study analyzed the time series of the TC genesis frequency and WNPMI in August
over the previous 30 years (Figure 3a). A clear in-phase relationship between the two variables could
be confirmed and a highly positive correlation at 0.56 existed between the two variables. This result
was statistically significant at the 99% confidence level. The result suggests that when the western
North Pacific summer monsoon is strengthened (or weakened), the TC genesis frequency increases
(or decreases). On the other hand, a clear out-of-phase relationship was confirmed between the
TC genesis frequency and East Asian monsoon index (EAMI) in August, and a highly negative
correlation at −0.61 existed between the two variables (Figure 3b). This result was statistically
significant at the 99% confidence level. This indicates that when the East Asian summer monsoon is
strengthened (or weakened), the TC genesis frequency decreases (or increases). Eventually, a highly
negative correlation at −0.88 existed between the western North Pacific summer monsoon and the
East Asian summer monsoon, which was statistically significant at the 99% confidence level (Figure 3c).
In particular, while the WNPMI exhibited a negative index value in August 2014, the EAMI revealed a
highly positive index value. As explained earlier, this indicates that during August 2014, convective
activities were weak in the tropical and subtropical western Pacific during, whereas convective
activities were strong in the mid-latitudes of East Asia.
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An analysis of 850 hPa stream flows showed that anomalous huge anticyclonic circulations
were strengthened in the tropical and subtropical western Pacific (Figure 4a). This indicates that
monsoon troughs in August 2014 were weakened compared to the climatological mean. Meanwhile,
in China’s central region, anomalous southwesterlies from anomalous huge anticyclonic circulations
in the tropical and subtropical western Pacific and anomalous northerlies from anomalously cyclonic
circulations centered on the southern region of the Korean Peninsula were converging, and the
converged flows were moving towards Japan’s eastern coast. Therefore, during August 2014,
anomalously atmospheric circulations which facilitate the formation of precipitation were strengthened
in the mid-latitudes of East Asia and anomalously atmospheric circulations that inhibit the formation
of TCs were strengthened in the tropical and subtropical western Pacific. The results of analyzing
500 hPa stream flows are similar to those of analyzing 850 hPa stream flows (Figure 4b). While
anomalous huge anticyclonic circulations were strengthened in the tropical and subtropical western
Pacific, anomalously cyclonic circulations were strengthened in the mid-latitudes of East Asia.
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Anomalous huge anticyclonic circulations that were strengthened in the tropical and subtropical
western Pacific during August 2014 may indicate that the western North Pacific subtropical high
(WNPSH) was developed further than the climatological mean during the same period. Therefore, this
study compared the WNPSH in relation to August 2014 and the climatological mean (Figure 5). Here,
the WNPSH is defined as the area with higher values than 5875 gpm. While the climatological mean
WNPSH developed on Japan’s western coast, the WNPSH during August 2014 spread westward deep
into China’s southern region and was fairly expanded equatorward at the same time. Therefore, during
August 2014, TCs could not occur because convection was suppressed according to the WNPSH’s
abnormal development in the tropical and subtropical western Pacific.
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Figure 5. Western North Pacific subtropical highs (WNPSHs) of 2014 (solid line) and climatological
mean (dashed line) in August. Here, WNPSHs are defined as areas that are greater than 5875 gpm.

The climatological mean 850 hPa stream flows and the mean 850 hPa stream flows for August 2014
were analyzed to identify whether monsoon troughs were indeed weakened according to the WNPSH’s
abnormal development in August 2014 (Figure 6). In the climatological mean, monsoon troughs were
developed eastward up to 150◦E (Figure 6a), whereas monsoon troughs were developed only up
to 130◦E in August 2014 (Figure 6b). In general, TCs are inclined to develop in monsoon troughs.
Therefore, the above results suggest that monsoon circulations that inhibited the occurrence of TCs
were formed during August 2014.
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To examine whether unfavorable atmospheric conditions for the occurrence of TCs were formed
in August 2014 because the East Asian summer monsoon was strengthened and the western
North Pacific summer monsoon was weakened, differences between the mean atmospheric conditions
for August 2014 and the climatological mean for August were obtained regarding the variables of
vertical meridional circulation, vertical air temperature, and vertical specific humidity by averaging
the variables for the longitudinal zone 100◦–180◦ where TCs mainly occur (Figure 7). First, for
vertical meridional circulations, anomalous downward flows were reinforced in the latitudinal
zone (0◦N–25◦N) of the tropical and subtropical western North Pacific, in which most TCs occur,
but anomalous upward flows were strengthened in the latitudinal zone of the mid-latitudes of
East Asia (25◦N–40◦N) (Figure 7a). This indicates the formation of vertical meridional circulations
that suppressed the occurrence of TCs in the tropical and subtropical western North Pacific during
August 2014. Regarding vertical air temperatures, while cold anomalies were reinforced from the
lower to upper troposphere in the latitudinal zone of the tropical and subtropical western North Pacific,
warm anomalies were formed in the latitudinal zone of the mid-latitudes of East Asia (Figure 7b).
On the other hand, for vertical specific humidity, negative anomalies were strengthened from the lower
to upper troposphere in the latitudinal zone of the tropical and subtropical western North Pacific,
whereas positive anomalies were formed in the latitudinal zone of the mid-latitudes of East Asia
(Figure 7c). The above results of two atmospheric conditions suggest that cold and dry atmospheric
conditions were exhibited from the lower to upper troposphere in the latitudinal zone of the tropical
and subtropical western North Pacific, whereas relatively warm and humid atmospheric conditions
were shown in the latitudinal zone of the mid-latitudes of East Asia. This indicates that during
August 2014, the East Asian summer monsoon was strengthened, whereas the western North Pacific
summer monsoon was weakened.
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Figure 7. Composite differences of latitude–pressure cross section of (a) vertical velocity (contours)
and meridional circulations (vectors); (b) air temperature; and (c) specific humidity averaged along
100◦E–180◦E between 2014 and climatological mean in August. The values of vertical velocity are
multiplied by −100. Shaded areas denote negative values. Contour intervals are 0.3−2 hPa·s−1 for
vertical velocity, 0.1 ◦C for air temperature, and 0.2 g·kg−1 for specific humidity, respectively.

In the anomaly field for the 850 hPa relative vorticity during August 2014, many regions in the
tropical and subtropical western North Pacific exhibited negative anomalies (Figure 8). A smaller
value in 850 hPa relative vorticity indicates a corresponding strengthening of clockwise circulations.
Therefore, many regions in the tropical and subtropical western North Pacific had the environments
disturbing the occurrence of TCs according to the strengthening of clockwise circulations. On the other
hand, positive anomalies were strengthened in the area ranging from China’s central region and the
East China Sea to Japan.
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Regarding atmospheric conditions in the lower troposphere, anomalies during August 2014 were
analyzed (Figure 9). Regarding the 850 hPa specific humidity and 850 hPa air temperature, many
regions in the tropical and subtropical western North Pacific exhibited negative anomalies. This shows
that many regions in the tropical and subtropical western North Pacific in the lower troposphere were
relatively cold and dry. These atmospheric conditions indicate an unfavorable environment for the
occurrence of TCs. On the other hand, positive anomalies were observed from east to west, ranging
from China’s central region and the East China Sea to the Japanese Islands.
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For the occurrence of TCs, the conditions of relative humidity in the mid-troposphere are also
important. Therefore, anomalies for August 2014 were analyzed regarding the 600 hPa relative
humidity (Figure 10a). Most regions in the tropical and subtropical western North Pacific exhibited
negative anomalies. This indicates an unfavorable environment for the occurrence of TCs. On the
other hand, positive anomalies were found in the area ranging from China’s central region and the
East China Sea to the Japanese Islands.
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For the occurrence of TCs, the conditions of vertical wind shear (VWS) between 200 hPa and
850 hPa are also important. A higher value in this variable indicates a larger difference in wind
direction between the upper and lower troposphere. This leads to unstable TC structures which are
unfavorable for TC genesis and TC development. Therefore, anomalies for August 2014 were analyzed
regarding the VWS between 200 hPa and 850 hPa (Figure 10b). Most regions in the tropical and
subtropical western North Pacific showed positive anomalies, and thus, atmospheric structures that
suppress the occurrence of TCs were formed. On the other hand, negative anomalies were shown in
the mid-latitudes of East Asia.



Atmosphere 2016, 7, 133 13 of 16

SSTs are also an important factor in the occurrence of TCs. Therefore, the Niño-3.4 index during
2014 was examined (Figure 11). During the winter and spring of 2014, La Niña conditions were
exhibited. However, during the summer of the same year, positive index values were shown although
El Niño conditions were not formed. Consequently, the analysis of anomalies for August 2014
regarding the SST confirmed that most coastal areas except the South China Sea showed cold anomalies
(Figure 12). This SST condition caused difficulties in the occurrence of TCs. Actually, local SSTs are not
an important predictor of TC genesis over the Northwest Pacific basin. A recent study by Mei et al. [32]
of both observed and simulated TC genesis suggests that SSTs over the off-equatorial tropical central
North Pacific largely determine TC genesis frequency in this basin; it is achieved by modulating
large-scale atmospheric circulation (such as low-level vorticity).
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5. Summary and Conclusions

This study examined the causes of the nonoccurrence of TCs in August 2014 based on large-scale
environments. First, TC genesis frequencies in August over the recent 30-year period showed an
overall statistically significant decreasing trend. The OLR anomaly index also exhibited an increasing
trend in the tropical and subtropical western Pacific until recently.
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Regarding precipitable water and precipitation, differences between the mean for August 2014
and the mean for August over the previous 30 years were analyzed. The results showed that while
convective activities were suppressed in the tropical and subtropical western Pacific, convective
activities were strong in the mid-latitudes of East Asia. This indicates that during August 2014,
the western North Pacific summer monsoon was weakened, whereas the East Asian summer monsoon
was intensified, and therefore, TCs could not occur due to the weakening of the western North Pacific
summer monsoon.

In the analysis of 850 hPa and 500 hPa stream flows, while anomalous huge anticyclonic
circulations were intensified in the tropical subtropical western Pacific, anomalously cyclonic
circulations were strengthened in the mid-latitudes of East Asia. Therefore, the occurrence of TCs
was difficult in the tropical and subtropical western Pacific. On the other hand, anomalous cold
northerlies and anomalous warm southerlies converged in the Japanese Islands after passing China’s
central region and the East China Sea, thereby creating a favorable environment for the occurrence
of precipitation. This is associated with the result that the WNPSH showed further westward and
southward expansion in August 2014 compared to the climatological mean WNPSH. This subsequently
resulted in the substantial weakening of anomalous monsoon troughs in August 2014.

The WNPSH developed in the tropical and subtropical western Pacific was confirmed by analyzing
differences between the mean atmospheric conditions for August 1984 and the climatological mean for
August in vertical meridional circulation, vertical air temperature, and vertical specific humidity by
averaging the values for the longitudinal zone 100◦E–180◦E where most TCs occur. In the latitudinal
zone (0◦–25◦) where TCs mainly occur, anomalous cold and dry atmospheric conditions were exhibited
along with anomalous downward flows. On the other hand, in the latitudinal zone (25◦N–40◦N) of the
mid-latitudes of East Asia, anomalous warm and humid atmospheric conditions were observed along
with anomalous upward flows. This indicated that during August 2014, the western North Pacific
summer monsoon was weakened, whereas the East Asian summer monsoon was strengthened.

In the 850 hPa relative vorticity, clockwise circulations were intensified in the tropical and
subtropical western Pacific. Regarding the 850 hPa specific humidity, air temperature, and 600 hPa
relative humidity, anomalous cold and dry atmospheric conditions were shown in this region.
In the analysis of 200–850 hPa VWS, while positive anomalies were shown in the tropical and
subtropical western Pacific, negative anomalies were exhibited in the mid-latitudes of East Asia.
The analysis of SSTs showed that in most coastal areas of the western North Pacific, anomalous cold
SSTs were strengthened. Consequently, during August 2014, unfavorable atmospheric circulations and
environment conditions were formed for the occurrence of TCs.
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Abbreviations

The following abbreviations are used in this manuscript:

ENSO El Niño-Southern Oscillation
AAO Antarctic Oscillation
AO Arctic Oscillation
NPO North Pacific Oscillation
TC Tropical Cyclone
SST Sea Surface Temperature
QBO Quasi-Biennial Oscillation
RSMC Regional Specialized Meteorological Center
MSWS Maximum Sustained Wind Speed
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TD Tropical Depression
TS Tropical Storm
STS Severe Tropical Storm
TY Typhoon
NCEP-NCAR National Centers for Environmental Prediction-National Center for Atmospheric Research
CPC Climate Prediction Center
CMAP Climate Prediction Center (CPC) Merged Analysis of Precipitation
VWS Vertical Wind Shear
OLR Outgoing Longwave Radiation
ESRL Earth System Research Laboratory
NOAA National Oceanic and Atmospheric Administration
WNPMI Western North Pacific Monsoon Index
EASMI East Asian Summer Monsoon Index
DNS Dynamical Normalized Seasonality
WNPSH Western North Pacific Subtropical High
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