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Abstract

By using China National Climate Center’s 74 circulation characteristics,
DERF2.0, BCC-CSM models and Wenzhou Typhoon Network data, and us-
ing linear regression, correlation coefficients and other research methods, the
variations about typhoon frequency in July from 1951 to 2020 and the
large-scale circulation system in July 2020 are analyzed. The results show that
1) in the recent 70 years, the frequency of typhoon generation has slowly de-
creased, while the frequency of landing typhoons in China has slowly in-
creased; 2) typhoon frequency has varying degrees of negative correlation
with the intensity of subtropical high in different regions of the northern he-
misphere, especially with the area index and intensity index of the South
China Sea subtropical high; 3) in July 2020, the area and intensity of the sub-
tropical high in the Northwest Pacific were abnormally large and strong. Eas-
terly winds prevailed in the tropics, and the cross-equatorial airflow was
weak, resulting in a severe reduction in the frequency of typhoon generation,
leading to “no-typhoon” events.
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1. Introduction

Typhoon generally refers to a low-pressure vortex generated on the tropical or
subtropical ocean surface. It is a powerful and deep tropical weather system. The
Northwest Pacific region is the region with the most frequent and active ty-

phoons. China is one of the countries most seriously affected by typhoons. Ty-
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phoon research has attracted more and more attention from scientific and tech-
nological workers (Su et al., 2020; Liu et al., 2020). This research aims to explore
the typhoon frequency changes in July from 1951 to 2020, reveal the characteris-
tics of the atmospheric circulation on a monthly scale, analyze the interaction
between the atmospheric circulation index and the typhoon frequency, and
make a Mechanism analysis for the “no-typhoon” event in July 2020.

Previous studies on typhoons mainly used quarterly or inter-annual changes
as the time scale for studying typhoon frequency. He and Gong (2002) found
that since 1980, significant inter decadal changes have occurred in the Northwest
Pacific, and the subtropical high has expanded, strengthened and moved south-
west. This change caused an abnormal anticyclonic circulation from the South
China Sea to the Western Pacific. Bengtsson et al. (2007) found through model
research that the number of typhoons will show a long negative growth trend in
the 21st century. Zheng et al. (2013) pointed out that when the intensity of the
subtropical high weakens, the ridge line becomes northerly, and the main body
moves eastward, the monsoon trough deepens eastward to 160°E, which is con-
ducive to the formation of typhoons in low-latitude sea areas east of 150°E. Lu et
al. (2018) found that the frequency of typhoons entering the East China Sea from
1951 to 2015 has obvious inter annual and inter decadal trends. Camp et al. (2019)
pointed out that there was only a weak correlation between the WPSH (Western
Pacific Subtropical High) index and the typhoon frequency observed in East
Asia from June to November.

This study will analyze the frequency anomalies of typhoons from the follow-
ing three aspects: 1) generating statistics on the frequency of typhoons and
landing typhoons in China; 2) analyzing the correlation between typhoon fre-
quency and atmospheric circulation; and 3) characteristics of atmospheric cir-
culation in the middle and lower troposphere analysis. Compared with previous
studies, this study starts to analyze the variation of typhoon frequency from the

inter-monthly scale.

2. Data and Methods
2.1. Data

This study uses 74 circulation characteristics of the National Climate Center of
China, the second-generation product of monthly dynamic extended ensemble
prediction (DERF2.0) and the second-generation seasonal prediction air-sea
coupled model (BCC-CSM) data, and the typhoon number landing on the
Wenzhou Typhoon Network data.

1) The 74 circulation characteristic data used in this study are from the Cli-
mate System Diagnostic and Prediction Room of China National Climate Center
(Hu et al., 2020). The start time of the data is January 1951 and the end time is
December 2016.

2) The statistics of typhoon numbers and landing data used in this study are

summarized on the Wenzhou Typhoon website (http://www.wztf121.com). Wenz-
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hou Typhoon Network is a website established by the Wenzhou Meteorological
Bureau of China. It provides the latest typhoon information and related weather
data such as temperature field, wind field, cloud map, etc., so that the govern-
ment and the public can track the typhoon trend and make disaster prevention
and mitigation work in advance.

3) The upper tropospheric situation field data used in this study is derived
from the second-generation product of the extended set of monthly dynamic
forecasts (DERF2.0) and the second-generation seasonal forecast air-sea coupled
model (BCC-CSM) of the China National Climate Center. The second-generation
Dynamic Extended Range Forecast operational system version 2.0 (DERF2.0) of
the National Climate Center of China Meteorological Administration is estab-
lished based on the atmospheric circulation spectrum model, providing the
ten-day and monthly average circulation situation and meteorological elements
in the next 40 days. In 2014, based on the second-generation climate system
model, the BCC_CSM1.2 model was developed for extended-range forecasting,
and the model back calculation data was submitted to participate in the interna-
tional S2S prediction plan (Zhang et al., 2019; Wu et al., 2013).

2.2. Methodology

This study uses the research methods of unary linear regression, Pearson corre-
lation coefficient and anomaly to reveal the distribution law, changing induce-
ments and abnormal fluctuations of typhoon frequency in July.

1) This study uses a univariate linear regression method to study the distribu-
tion of typhoon frequencies from 1951 to 2020. One-variable linear regression
refers to the use of one variable from two linearly correlated variables to estimate
another variable. The former is called the control variable and the latter is called
the observed variable. The univariate linear regression model establishes the fol-

lowing linear equation form:
y=a+pX. (1)

where, y denotes the observed variables, x denotes the control variables, o and
denote the parameters.

By counting the time series values between two variables, the parameters in
the model are obtained, and then the values of the model and the control va-
riables are used to calculate the values of the observed variables (Luo, 2016). This
study uses the residual sum of squares to test the fit of the unary linear regres-
sion. The residual sum of squares uses the sum of squared deviations between
the true value of the observed variable and the corresponding estimated value to
measure the total deviation of all data.

2) This study used the Pearson correlation coefficient research method. Pear-
son correlation coefficient is used to measure the linear relationship between two
variables. Based on the deviation of the two variables from their respective aver-
ages, the degree of correlation between the two variables is reflected by multip-

lying the deviations of the two variables. The Pearson coefficient focuses on the
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linear single correlation coefficient (He et al., 2012). When the correlation coef-
ficient is —1, it means that the two variables are completely negatively correlated;
when the correlation coefficient is +1, it means that the two variables are com-
pletely positively correlated. When the correlation coefficient is 0, it means that

the variables are not correlated. The specific calculation formula is as follows:

f(X.Y)= Cov(X,Y) @)

CIENCION
where, Xand Y denote different variable series, (X, Y) denotes correlation coef-
ficient, Con(X, Y) denotes co-variance of X and Y; D(X, Y) denotes co-variance
of Xand Y.

3) This research uses anomalous research methods. The anomaly represents
the difference between the individual data in the variable series and the average
value, and is divided into positive anomalies and negative anomalies. The ano-
maly value is mainly used to determine the vibration deviation of the data in a
certain period or time from the long-term average value of the physical quantity,
and is an indicator to test whether individual data deviates from the general re-
gularity. The specific calculation formula is as follows:

X=X — Xy (3)

where, X denotes the gap between actual data and average data, X, denotes

actual data, X,, denotesaverage data.

ave

3. Results and Analysis
3.1. Changes in Typhoon Frequency in July in the Recent 70 Years

Since the record of typhoons in 1951, 283 typhoons in the Northwest Pacific
have occurred in July, 130 typhoons has landed in China, accounting for 45.9%
of the total, that is, nearly half of typhoons landed in China. The overall number
of typhoons has a slight downward trend. However, the number of typhoons
landing in China has a slight upward trend.

From Figure 1(a), it can be seen that the number of generated typhoons in
July is in large fluctuations. The frequency of typhoons is mainly concentrated in
3 - 5 per year, with an average of 4.2 typhoons per year. In abnormal years, for
example, 8 typhoons were generated in 1967, 1971, 1994, and 2017, and 1 ty-
phoon was generated in 1954, 1957, 1985, and 1998. The frequency of typhoons
is very different.

It can be seen from Figure 1(b) that most of the typhoons that landed in
China in July are concentrated in the interval 1 - 3 per year, and the average
number of typhoons generated per year is 1.7. Among them, the number of ty-
phoons that landed in China in July 2001 reached 5, and there were no typhoons
that landed in China in 1951, 1954, 1955, 1975, 1997, 1999, and 2020. There is a
phenomenon that typhoon did not land in China in a certain month during the
active typhoon period, which is called “no-typhoon” event. According to statis-

tics, “no-typhoon” in July has a cyclical pattern of about 20 years.
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Figure 1. The frequency of typhoons from 1951 to 2020 (a. typhoons generated; b. typhoons landed).

3.2. Correlation Analysis between Frequency of Typhoon
Generation in July and Atmospheric Circulation

This paper uses 74 circulation characteristic data from 1951 to 2016 to conduct
correlation tests one by one, and select the following relatively significant cha-
racteristic indexes from them.

After comparing 74 circulation characteristic quantities, the absolute value of
the correlation coefficient obtained in this study at the level of 0.01 did not ex-
ceed 0.5. This indicates that the subtropical high system and the India-Burma
trough system have a certain correlation with the frequency of typhoon genera-
tion, but it has not yet reached the closely related level, which is basically consis-
tent with the study of Camp et al. (2019).

Through the correlation coefficient test, this study found that the subtropical
high system circulation index of different scales and regions has a relatively good
correlation with the frequency of typhoon generation. Among them, only the
westward extension of the western Pacific subtropical high ridge has a positive
correlation with the frequency of typhoon generation, which is 0.357, that is, the
more easterly the ridge point is, the greater the frequency of typhoon generation.
The other circulation indexes are all negatively correlated.

It can be seen from Table 1 that the subtropical high system in the northern
hemisphere has an obvious negative correlation with the frequency of typhoon
generation. The subtropical high system in different regions has a synergistic ef-
fect, and its specific impact on the typhoon is different from the location of the
Northwest Pacific. The farther the subtropical high region is from the Northwest
Pacific region, the worse the correlation between the circulation index and the
frequency of typhoon generation in the region. Among these systems, the influ-
ence of the South China Sea subtropical high system is particularly significant.
The correlation coefficient of the subtropical high intensity index reaches
—0.405, and the correlation coefficient of the subtropical high area index reaches
—0.369. When the subtropical high index increases, an anticyclonic circulation
appears over the northwest Pacific, which is not conducive to the formation and

development of typhoons.
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Table 1. Correlation coefficient table of typhoon frequency and circulation index.

Circulation Index Correlation coefficient

West Pacific Subtropical High Ridge Point 0.357**
North American Subtropical High Intensity Index (110°W - 60°W) —-0.324*%
North American Atlantic Subtropical High Intensity Index (110°W - 20°W) —0.335**
Indian - Burmese tank (15°N - 20°N, 80°E - 100°E) —0.340**
North Africa Atlantic North American Subtropical High Intensity Index 0341
(110°W - 60°E)

Northern Hemisphere Subtropical High Intensity Index (5°E - 360°) —0.352**
South China Sea Subtropical High Area Index (100°E - 120°E) —0.369**
South China Sea Subtropical High Intensity Index (100°E - 120°E) —-0.405**

Note: ** indicates a significant correlation at the 0.01 level (two-sided).

It is worth noting that the intensity of the India-Burma trough has a strong
negative correlation with the frequency of typhoons. The India-Burma trough is
located in South Asia, and objectively has brought a blocking effect to the west-
ern extension of the subtropical high in the Pacific Ocean. When the intensity
index of the India-Burma trough decreases, that is, when the India-Burma
trough strengthens, the Pacific subtropical high weakens accordingly, and the

westward extension is not obvious, which promotes the generation of typhoons.

3.3. Analysis of the Atmospheric Circulation Characteristics of the
“No-Typhoon” Event in July 2020

Figure 2 comes from the second-generation product of the extended set of
monthly power forecasts of China National Climate Center (DERF2.0). It indi-
cates that there will be a wide range of positive height anomalies in Asia and the
Western Pacific in July 2020. East Asia and the Western Pacific, the Arctic Circle
and Western Siberia will have strong signals of 4 - 8 levels, far exceeding the av-
erage level of previous years, corresponding to the strong Northwest Pacific sub-
tropical high system. What is more, all other regions in Asia have experienced a
rise in potential height, which means that the northeast hemisphere will be in a
relatively high-pressure large-scale circulation field in July 2020.

Since July of this year, the Northwest Pacific Subtropical High has been ab-
normally westward, southerly, larger in area and stronger in intensity. Since the
source of typhoon generation is controlled by the subtropical high pressure, its
range is generally sinking airflow, and tropical convection activities are sup-
pressed. Therefore, typhoon generation is extremely difficult and the frequency
of generation will be significantly reduced.

Figure 3 comes from China National Climate Center’s second-generation
seasonal forecast air-sea coupled model (BCC-CSM). As shown in Figure 3, in
the tropical region of 110°E - 180° in July this year, the 850 hPa altitude field is
basically east wind. The low-latitude zonal westerly airflow weakened, and the

cross-equatorial airflow was weaker than that of previous years. The power
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Figure 2. The 500 hPa geopotential height field and anomaly in July 2020.
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Figure 3. The 850 hPa wind vector and anomaly in July 2020.

supply of the wind turbine weakened, the convergence of warm and humid wa-
ter vapor in the Northwest Pacific region weakened, and it was difficult for the
monsoon circulation to obtain strong supplementary airflow. Such a large-scale
flow field environment is not conducive to the formation and development of
the equatorial convergence zone and the tropical monsoon trough, thereby inhi-
biting the generation of typhoons, making it difficult to generate typhoons.

At the same time, there are abnormally strong positive vorticity flow fields in
the low altitudes of East Asia and the Northwest Pacific. The anticyclonic circu-

lation has a larger expansion compared with the same period in previous years,
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and the intensity also has a larger positive anomaly, especially at 120°E - 180°
area. The strong east wind formed an unusually large clockwise vorticity circula-
tion. The expansion area of the subtropical high coincides with the average path
area of the typhoon. Under the control of the sinking airflow, the frequency of
typhoon generation has dropped significantly, causing the “no-typhoon” event
in July 2020.

4. Conclusion

The frequency of generated typhoons from 1951 to July 2020 showed a slow
downward trend. The number of typhoons concentrated in 3 - 5, and the fre-
quency of landed typhoons in China showed a slow upward trend, concentrated
in 1 - 3. This study found that the “no-typhoon” event in July has a periodic pat-
tern of about 20 years. Typhoon frequency has a relatively strong negative cor-
relation with the intensity of the subtropical high in the western Pacific, North
America, North Africa, and the Atlantic in the northern hemisphere, Typhoon
frequency also has a strong negative correlation with the area index and intensity
index of the subtropical high in the South China Sea. Meanwhile, it also has a
strong negative correlation with typhoon frequency.

In July 2020, the area and intensity of the subtropical high in the Northwest
Pacific Ocean were abnormally large and strong, causing the tropical ocean sur-
face to be controlled by the sinking airflow, making it extremely difficult to gen-
erate typhoons. The easterly wind prevails in tropical areas in July 2020, and the
cross-equatorial airflow is weak, making it difficult to form the tropical mon-
soon trough and the equatorial convergence zone where the typhoon is born,

which will significantly affect the frequency of typhoon generation.
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