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In the summer of 2020, tropical cyclone (TC) activities experienced a contrastive transition
over the western North Pacific (WNP), from silence in July to unusually active in August.
Furthermore, the generation location of TCs was further northwestward in August 2020,
resulting in more typhoons landing, and three TCs successively moving northward, which
is rare in history. Based on diagnoses with the total genesis potential index (GPI) in July and
August 2020, it is suggested that the variation of mid-tropospheric relative humidity and
upward convective motion is the major factor for the transition of TC genesis in summer
2020, while the changes of SST, low-level vorticity, and vertical wind shear anomalies
played a secondary role. The exceptional variation of the Madden–Julian Oscillation (MJO)
activity from July to August 2020 contributed to the transition of the environmental
conditions over WNP. In July 2020, MJO was restricted in the Indian Ocean, thus
generating an anomalous low-level anticyclone over WNP that intensified the WNP
subtropical high. While in early August, MJO propagated eastward to enhance
convective activities over the South China Sea and the Philippine Sea, favorable to TC
genesis. Thus, MJO activity is a potential predictability source for intraseasonal variation of
TC genesis anomalies in WNP.

Keywords: tropical cyclone genesis in 2020 summer, western North Pacific, transition from silence in July to active in
August, genesis potential index, Madden-Julian oscillation

INTRODUCTION

As one of the most destructive natural disasters in the world, tropical cyclones (TCs) are frequently
generated over the western North Pacific (WNP), with the highest fraction of the global annual mean
number of TCs (Chan, 2000; Chan, 2005; Ching et al., 2010). TCs are usually accompanied by strong
winds, heavy rainfall, and storm surges, causing huge economic losses and casualties. China, Japan,
the Korean Peninsula, and other Southeast Asian countries are greatly affected by TCs in WNP
(Chen and Ding, 1979; Chen et al., 2019). Climatologically, July and August are the peak months of
TC activities over WNP. However, 2020 summer experienced a contrastive transition of the TC
activities over WNP, from silence in July to unusually active in August (Tian and Fan, 2021). The
absence of TC activity over WNP in July 2020 is the first time in the available historical records since
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1945 (Wang et al., 2021). The contrastive transition of the TC
activities over WNP in 2020 summer suggests its possible unique
driving factors.

Most TCs in WNP summer form within a
southeast–northwest-extending monsoon trough over WNP,
where the low-level westerlies over the warm pool converge
with the trade easterlies at the southern edge of the WNP
subtropical high (WPSH; McBride and Zehr, 1981; Ritchie and
Holland, 1999; Chen et al., 2019). Thus, the intensity and location
of the monsoon trough and the WPSH are thought to be
influential to TC genesis (Ritchie and Holland, 1999; Huangfu
et al., 2018). Associated with large-scale environmental
conditions, TC genesis is accompanied by complex
thermodynamic and dynamic interactions between the ocean
and atmosphere (Walsh et al., 2016). These environmental
elements usually include high sea surface temperature (SST),
low-level initial cyclonic vorticity, weak vertical wind shear
(VWS), sufficient midlatitude humidity, and a well-organized
deep convective system (Emanuel and Nolan, 2004; Murakami
and Wang, 2010; Bian et al., 2018). To quantify the impact of the
atmospheric circulation on the TC genesis and development, the
genesis potential index (GPI), which was motivated by the work
of Gray (1979) and was originally developed by Emanuel and
Nolan (2004), is a good measurement. The index involves several
large-scale environmental factors, including 850-hPa absolute
vorticity, vertical wind shear (VWS), 600-hPa relative
humidity, and maximum potential intensity. Although the GPI
was developed using a statistical fitting procedure, based on
climatologically seasonal and spatial variations in TC genesis,
it is also skillful in reproducing interannual variation in the
observed frequency and location of TC genesis for several
basins (Camargo et al., 2007). Later, Murakami and Wang
(2010) modified the original GPI by explicitly incorporating
the vertical motion and yielded improved results in general,
including high values over the intertropical convergence zone
(ITCZ) and eastern Pacific regions.

In addition to the large-scale atmospheric circulation, previous
studies have noted that El Niño and Southern Oscillation (ENSO)
and Indian Ocean sea surface temperature (SST) anomalies have
a tremendous impact on the intraseasonal–interannual variation
of TC frequency (Sobel and Maloney, 2000; Camargo et al., 2007;
Chen and Tam, 2010; Wang and Chan, 2002; Du et al., 2011;
Zhan et al., 2011; Huangfu et al., 2018). These anomalous modes
affect TC activity through their impacts on the thermal and
dynamic conditions over WNP. During the El Niño-decaying
summer, an anomalous anticyclonic circulation is a recurrent
pattern in the WNP, which acts to suppress TC genesis over the
WNP (Wang and Chan, 2002; Du et al., 2011; Han et al., 2016;
Wang et al., 2019). During 2020, the tropical Pacific SSTs evolved
from a weak El Niño condition in the previous winter into a
neutral ENSO state in summer (Liu et al., 2021a; Liu et al., 2021b).
The weak El Niño event may imply limited influence on TC
activities over the WNP in summer 2020. On the other hand,
extremely warm SST anomalies were observed in the tropical
Indian Ocean during the summer of 2020 (Ding et al., 2021),
which could have provided an unfavorable background for the
TC genesis over the WNP (Xie et al., 2009; Du et al., 2011). Some

parallel independent studies have suggested a primary role of the
tropical Indian Ocean, which had been the warmest in July 2020
since 1981, on the unprecedented absence of WNP tropical
cyclones in July 2020 (Liu et al., 2021b; Tian and Fan, 2021;
Wang et al., 2021). However, the Indian Ocean in August 2020
was still warm, which has been the second warmest since August
1981 (Supplementary Figure S1). The persistently warm SST of
the Indian Ocean from July to August 2020 seems unable to
explain the transition of TC activity in WNP from absence in July
to active in August.

Concurrent with the remarkable SST anomaly in the Indian
Ocean, it is observed that the tropical Madden–Julian Oscillation
(MJO), which is initiated over the western Indian Ocean
(Madden and Julian, 1971), stagnated in 2–3 phases for a long
time in July and propagated rapidly eastward in August (Liu et al.,
2021a). Although the physical mechanisms governing these
extraordinary MJO activities are unclear, their impacts on
Meiyu have been noted over the adjacent regions (Zhang
et al., 2020; Liang et al., 2021). Previous studies have indicated
that the MJO can regulate the TC frequency over theWNP (Chen
and Huang, 2008; Li and Zhou, 2012; Li and Zhou, 2013). Thus,
the MJO variation is probably a potential contribution to the
contrastive transition.

The aforementioned intriguing observed phenomenon
motivates us to further explore the controlling factors leading
to anomalous TC activities in July and August 2020 from the
perspective of large-scale environmental conditions. The
environmental factors involved in GPI are the primary
physical factors affecting TC genesis and are associated with
the temporal and spatial variability of TC activities (Murakami
andWang, 2010). Moreover, these factors are affected/modulated
by large-scale circulation, such asWPSH andMJO activity. In this
work, we will first identify the importance of each of these factors
resulting in the anomalies of the TC activities in July and August
2020, then further investigate the possible impact of the large-
scale circulation in the contrastive transition of the TC activity
from July to August 2020, especially the role of MJO.

DATA AND METHODS

In this work, the information of TC occurrence frequency and
genesis location is derived from the best track dataset
provided by the Shanghai Typhoon Institute of China
Meteorological Administration (CMA) (Ying et al., 2014).
The data are downloaded from http://tcdata.typhoon.org.cn/
zjljsjj_zlhq.html. The meteorological elements associated with
the large-scale environmental conditions for TC activity over
WNP in July and August are extracted from the NCEP/NCAR
daily and monthly reanalysis data (Kalnay et al., 1996),
including air temperature, relative and specific humidity,
horizontal wind, vertical velocity, and sea-level pressure,
with a spatial resolution of 2.5° × 2.5°. The extended and
reconstructed monthly mean SST produced by the National
Oceanic and Atmospheric Administration (NOAA)
(ERSSTv5; Huang et al., 2017) is also used with a spatial
resolution of 2 ° × 2 °. All the data cover the period of
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1981–2020. Anomalies of all variables are defined as
deviations from the climatological mean of 1981–2010.

To identify the key factors of the atmospheric circulation
influencing the TC activities over WNP in July and August 2020,
the GPI of Murakami and Wang (2010) is calculated in this study
and expressed as

GPI � ∣∣∣∣105ζ ∣∣∣∣32(RH
50

)
3

(Vpot

70
)
3

(1 + 0.1Vs)−2(−ω + 0.1
0.1

),

where ζ is the 850-hPa absolute vorticity (s−1), RH is the 600-
hPa relative humidity (%), Vpot is the maximum TC potential
intensity (m s−1) (Emanuel and Nolan, 2004), Vs is the
magnitude of the VWS (m s−1) between 850- and 200-
hPa, and ω is the 500-hPa vertical velocity (Pa s−1). Aside
from the coefficient multiplying the shear, the constants that
appear in this definition are entirely arbitrary and simply
designed to give an index value of order unity. Although the
index should be interpreted as a rate per unit time per unit
area, a constant multiplier would have to be included in the
index to give it the appropriate magnitude and dimensions.
To the extent, the index provides weights that appropriately
quantify the roles of the different factors in TC genesis
(Camargo et al., 2007).

Positive (negative) GPI values mean that large-scale
conditions are favorable (unfavorable) for TC genesis. Among
these factors, vertical wind shear is negatively correlated with the
GPI, and all the other factors have positive correlations with the
GPI. The relative humidity and maximum potential intensity are
considered thermodynamical factors. The maximum potential
intensity is determined by SST and the vertical structure of
temperature and moisture.

RESULTS

Contrastive TC Activities in July and August
2020
Climatologically, summer is considered the peak season with
active TC activities, whereas it was anomalously silent in July
2020. The absence of TC activity in July 2020 broke the record
held since 1949 over WNP, with more than two standard
deviations below the climatological mean (3.7 TC geneses). In
August 2020, however, the TC activities became unusually active,
with 7 TC geneses and nearly one standard deviation above the
climatological mean (5.7 TC geneses) (Figure 1). In particular,
four of the seven were generated intensively in the first 10 days of
August (Table 1), exceeding twice the number of climatology
(1.9 TC geneses).

The average peak intensity of 8 TCs in summer is 33.6 m/s,
which is weaker than the climatological average (40.1 m/s)
(Table 1). Moreover, the locations of TC geneses in the 2020
summer are further northwestward than normal. In addition to
the northward shift, the average location of the eight TC geneses
in 2020 summer (19.6°N, 119.9°E) is about 16° westward of the
average location (16.1°N, 136.5°E). The further northwestward
the TC geneses are, the greater the chance of landing or affecting
China’s coastal areas, Japan, and the Korean Peninsula (Liu and
Chan, 2022). Among them, four typhoons landed in the
southeastern coast of China, including TC2002 NURI, TC2004
HAGUPIT, TC2006 MEKKHALA, and TC2007 HIGOS. In
addition, TC2008 BAVI, TC2009 MAYSAK, and TC2010
HAISHEN successively landed on the Korean Peninsula,
bringing disastrous storms to South Korea, North Korea, and
Northeast China.

Overall, in the summer of 2020, the number of TC genesis was
significantly fewer than normal, with the unprecedented rapid
change from “0 TC genesis” in July to unusually active in August.
Furthermore, the genesis locations of TCs were further
northwestward, resulting in more typhoons landing, and even
three TCs successively moving northward during late August,
which is rare in history (http://www.cma.gov.cn/en2014/
20150311/20200414/202101/t20210112_570009.html).

Impacting Factors in July and August 2020
To identify the key environmental factors leading to the changes
from silence in July to active in August 2020, we examine the
contribution from each of the five individual variables comprising
the GPI: the low-level vorticity, VWS (850–200 hPa), maximum
potential intensity, 600-hPa RH, and vertical pressure velocity.
Specifically, from the contribution of a given variable, the GPI is
calculated using the other four variables obtained from the
monthly climatology and the given variable in 2020 (Camargo
et al., 2007). Such calculations provide an empirical quantification
of the relative contributions of each of the specific environmental
factors toward TC genesis (Camargo et al., 2007; Bruyere et al.,
2012; Bian et al., 2018).

Figures 2, 3 show the total GPI anomaly relative to the
climatology mean (Figures 2A, 3A) and the respective
contributions from the individual factors in July (Figures

FIGURE 1 | Numbers of TCs that generated over the western North
Pacific (0°–25°N, 100°E–180°) (black line) in (A) July and (B) August during
1961–2020. Red solid and dashed lines indicate the climatological mean and
one standard deviation of TC numbers, respectively.
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2B–F) and August (Figures 3B–F) 2020, respectively. Negative
anomalies of the total GPI are observed over most of the TC
genesis region (TGR, 5°-25°N, 110°E-180°) in July 2020
(Figure 2A), which are mainly attributed to weak low-level
vorticity, reduced relative humidity, and descending motion
(Figures 2B,C,F). Such anomalous environmental conditions
inhibited TC genesis in July 2020. Interestingly, the maximum
TC potential intensity associated with above-normal SST has
positive contributions to GPI (Figure 2D), which does not
result in TC formation. That is probably associated with the
fact that WNP is mostly warm enough for the generation of

TC; thus, other factors (such as wind shear, low-level vorticity,
and humidity) play a more crucial role than SST in affecting
TC genesis in WNP, differing from the situation in the
tropical North Atlantic, where SST is the most sensitive
factor for the TC genesis (Fu et al., 2011; Peng et al., 2011;
Han et al., 2016).

In August 2020, however, an obvious positive anomaly of the
total GPI was observed over the western part of the TGR (west of
140°E), where seven TCs generated. It is mainly attributed to
enhanced relative humidity, warmer SST, slightly negative VWS
anomaly, and active ascending motion (Figures 3C–F).

TABLE 1 | Information of TC geneses and landfall over WNP in summer 2020.

No Name Genesis date Track direction Maximum intensity (m/s) Landing date Landing location Landing intensity (m/s)

2001 Vongfong 12 May Northwestward 45 14 May Sama Island, Philippines 45
2002 Nuri 12 Jun Northwestward 23 14 Jun Yangjiang, Guangdong 23
2003 Sinlaku 1 Aug Westward 20 2 Aug Thanh Hoa, Vietnam 18
2004 Hagupit 1 Aug Northwestward 38 4 Aug Leqing, Zhejiang 38
2005 Jangmi 9 Aug Northward 23 10 Aug Gyeongsangnam-do, South Korea 20
2006 Mekkhala 10 Aug Northward 33 11 Aug Zhangpu, Fujian 33
2007 Higos 18 Aug Westward 35 19 Aug Zhujiang, Guangdong 35
2008 Bavi 22 Aug Northward 45 27 Aug North Pyongan, North Korea 35
2009 Maysak 28 Aug Northward 52 3 Sep Gyeongsangnam-do, South Korea 42
2010 Haishen 1 Sep Northward 60 7 Sep Gyeongsangnam-do, South Korea 40

FIGURE 2 | (A) Total GPI anomaly in July 2020 and the respective contribution from the individual variables for (B) 850-hPa absolute vorticity, (C) 600-hPa relative
humidity, (D) maximum potential intensity, (E) VWS, and (F) 500-hPa vertical pressure velocity. The blue dashed box (5°-25°N, 110°E-180°) represents the main TC
genesis region over WNP.
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Meanwhile, the negative anomalies of GPI are present in the
eastern part of the TGR, similar to that in July 2020. The GPI
distribution of “positive in the west and negative in the east”
corresponds to the further westward shift of the TC genesis
location in 2020.

To further examine the relative contributions of each variable
to the transition of TC genesis in summer 2020, we calculated the
GPI anomalies averaged over the western part of the TGR (5°-

25°N, 110°-140°E) in July and August 2020 (Figure 4). For the
domain-averaged total GPI increase from July to August 2020, all
five factors have positive contributions. Specifically, the
contribution of the low-level vorticities (vor850) increased
with a reduced negative contribution; the contributions of the
relative humidity at 600 hPa (rh600) and the vertical motion in
the middle troposphere (ω500) increased from negative to
positive; and the contributions of maximum potential intensity
(MPI) and (-1)*VWS increased with enhanced positive
contributions. Quantitatively, the variations of the enhanced
mid-tropospheric humidity and active vertical motion acted as
major factors for the transition from silence in July to active in
August, while the changes of SST, low-level vorticity, and vertical
wind shear anomalies played a secondary role.

The aforementioned analysis indicates that environmental
conditions conducive to TC genesis are the relative humidity
and vertical upward movement in the mid-troposphere. The
relative humidity provides the necessary energy supply for the
latent heat release in TC genesis (Emanuel and Nolan, 2004).
Wang et al. (2021) emphasized the major contribution of the
mid-level vertical motion to the absence of TC activity in July
2020. Han et al. (2016) and Zhang et al. (2020) argued that in
addition to the relative humidity, the change of low-level absolute
vorticity is also an important circulation factor to modulate the

FIGURE 3 | (A) Total GPI anomaly in August 2020 and the respective contribution from the individual variables for (B) 850-hPa absolute vorticity, (C) 600-hPa
relative humidity, (D)maximum potential intensity, (E) VWS, and (F) 500-hPa vertical pressure velocity. The blue dashed box (5-25°N, 110°E-180°) represents themain TC
genesis region over WNP. The green dots in (A) represent the locations of TC geneses.

FIGURE 4 | Anomalies of the total GPI and five terms associated with
GPI averaged in the region of (5°-25°N, 110°-140°E) in July and August 2020,
respectively.
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TC generation over WNP that is overall consistent with the
aforementioned diagnostic analyses.

Large-Scale Circulation and the Role
of MJO
Through the diagnoses of the respective contribution of five
environmental factors in the GPI, it is suggested that
environmental conditions can modulate TC genesis over the
TGR. These environment conditions, especially the relative
humidity in the mid-troposphere and convective upward
movement, may also be the factors leading to the transition
from no TC genesis in July 2020 to notably active in WNP in
August 2020. Now, the question is—what causes the variations of
the environment conditions? In this subsection, the atmospheric
circulations between July and August 2020 are compared, and the
role of MJO is examined.

Statistically, the TC generation frequency over WNP in
summer is related to the intensity and location of the WPSH
and the monsoon trough (Ritchie and Holland, 1999; Zhan et al.,
2018; Huangfu et al., 2018; Chen et al., 2019). When the WPSH is

strong and further westward as well as southward, the TC genesis
frequency is lower and vice versa. In July 2020, the WPSH is
anomalously strong. It extends westward to 110°E, with 17°

longitude westward than the climatological location (127°E) as
well as somewhat southward. Under the control of theWPSH, the
South China Sea and the northern Philippines are controlled by
the atmospheric downdraft; thus, the water vapor conditions are
poor, with weak water vapor convergence (Figure 5A), which is
consistent with the negative anomalies of the mid-level relative
humidity (Figure 2C). The easterly wind, which is located at the
southern side of the WPSH, inhibits the westward extension of
the southwesterly summer monsoon, resulting in the weakening
of the intensity of the monsoon trough and confining its eastward
extension, with its eastern section only extending near 120°E as
well as south of 10°N, mainly in the South China Sea (Figure 6A).
In August, the WPSH is still strong, but its western part (west of
130°E) is migrated to the north (Figure 5B), the southwesterly
summer monsoon advances to eastward, and the monsoon
trough extends northeastward to near 135°E (Figure 6B). The
southwesterly monsoon and the easterly flow on the southwest
side of the WPSH converge over the South China Sea and the

FIGURE 5 | Vertically integrated water vapor transport between surface and 300 hPa (vector, kg·m−1·s−1) and divergences (shading, 10−5 kg s−1·m−2) in (A) July
and (B) August 2020. The red dots in (B) indicate the locations of TC geneses. The black solid and red dashed contours of 5880 gpm in (A,B) indicate the western Pacific
subtropical high in 2020 and climatology, respectively.

FIGURE 6 | Distribution of streamline at 850hPa in (A) July and (B) August 2020. The bold green lines indicate the monsoon trough location. The red dots in (B)
indicate the locations of TC geneses.
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Philippines Sea to form a water vapor convergence center, with an
anomalous positive relative humidity condition there
(Figure 3C), which creates favorable conditions for TC genesis
in the western part of TGR (Figure 5B). Such circulation
variations in July and August 2020 are consistent with the
characteristics of TC inactive and active typical years
statistically analyzed by Bian et al. (2018).

Deep convection is a reflection of both low-level convergence
and ocean surface thermal conditions (McBride and Zehr, 1981).
Figure 7 shows the distribution of the convective activities and
low-level divergent wind anomalies in July and August 2020. It is
noted that the convective activities over the whole WNP in July
are restrained due to the control of the anomalously stronger and
southward WPSH (Figure 7A), with the anomalous descending
motion over TGR (Figure 2F). Meanwhile, the convection is
active in the north of the WPSH, corresponding to the extreme
Meiyu in 2020 (Ding et al., 2021; Liang et al., 2021). In August,
however, due to the northward migration of the WPSH, the
convective upward movement is active over the west of TGR
(Figure 3F), where the outflow of the lower layer in July turns to
an inflow in August, favoring TC genesis (Figure 7B).

It has been known that the monsoon trough intensity is closely
related to the location of theWPSH, and they are both affected by
the local air–sea interaction or remote effect of the ENSO as well
as its induced Indian Ocean SST anomaly (Wang and Chan, 2002;
Xie et al., 2009; Huangfu et al., 2018). As mentioned in the
introduction, the weak El Niño event and the Indian Ocean
persistently warming in 2020, leading to anomalous strong
WPSH both in July and August, can’t directly explain the
transition of TC activity in NWP from absence in July to
active in August. In fact, the critical variation of circulation
systems associated with the transition is that the western part
(west of 130°E) of WPSH was migrated to the north, and the
monsoon trough extends northeastward. That leads to a water
vapor convergence center formed over the South China Sea and
the Philippines Sea and active convection in the west of 130°E of
TGR. The outflow of the lower layer in July turns to an inflow in
August, consisting with absence of TC in July to unusually active
TC in August (Figures 5B, 6B, 7B).

The large-scale circulation in WNP linked to TC genesis can
be modulated byMJO (Sobel andMaloney, 2000; Zhu et al., 2004;
Li and Zhou, 2013; Chen et al., 2019). MJO affects the
atmospheric temperature, water vapor content, and sea-level
pressure during its eastward propagation. When MJO is in its
active phase, convection is enhanced; a cyclonic vortex develops
to the north of the equator at lower levels, while an anticyclonic
vortex develops in the upper troposphere, vertical wind shear
decreases, and upper-level divergence intensifies (Chen et al.,
2019). Such a large-scale circulation background favors the
generation and development of TCs. As a result, more TCs are
generated in WNP. During summer 2020, MJO exhibited
different propagation features from the typical MJO cycles
(Zhang et al., 2020; Liang et al., 2021; Liu et al., 2021a). In
July 2020, the long-term duration of MJO in the Indian Ocean,
i.e., with abnormally frequent phases 1–2 (Figure 8A), favors an
anomalous strong and further southward low-level anticyclone
over WNP that intensifies the WPSH. Correspondingly, the
positive OLR anomaly is located over most TGR, indicating
that the convection is suppressed under the control of WPSH
(Figure 9A). While in August, mainly in early August, MJO
propagated eastward, with abnormally persistent phases 4 and 5
(Figure 8B). During the active MJO phases 4–5, an anomalous
cyclonic circulation is over the South China Sea and WNP, and
enhanced convections were over the Maritime Continent
(Wheeler and Hendon, 2004) as well as the South China Sea
and the Philippine Sea (Figure 9B) that led to intensively active
TC genesis during the first 10 days of August. Thus, the contrast
of MJO activity in July and August 2020 may be a key factor
leading to the transition of TC genesis over WNP through
modulating the large-scale environmental conditions in WNP.
The role of MJO activity in modulating TC activity implies a
potential predictability source of TC activity in WNP.

Liu et al. (2021) analyzed the TC daily genesis rate anomalies
for the eight MJO phases and noted that the WNP cyclogenesis
exhibits a pronounced decrease (increase) when the MJO is in
phases 1–3 (6–7). While MJO in phases 4–5, the TC genesis rate is
near normal (Figure 4 in Liu et al., 2021). But, if we further
examine theMJO’s modulation effect onWNP TC genesis during

FIGURE 7 | (A)OLR (shading, Wm−2) and (B) 850-hPa divergent winds (vector, m s−1) anomalies in July and August 2020, respectively. The red dots in (B) indicate
the locations of TC geneses.
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the typical TC season (June to November) through the phase-
dependent MJO–TC relationships (Supplementary Figure S8 in
Liu et al., 2021), it is shown that the whole TGR is favorable for
TC genesis when MJO is in phases 6–7, while only the western
part of TGR is favorable when MJO is in phases 4–5. The
observed TC genesis in August 2020 was mainly concentrated
in the western TGR, rather than the whole TGR. It is confirmed
that the abnormal MJO activity from phases 1–2 in July to phases
4–5 in August was accompanied by the northward migration of
the WPSH, thus creating favorable environmental conditions for
TC genesis over the western part of TGR, resulting in the
transition of TC genesis from July to August 2020.

CONCLUSION AND DISCUSSION

In the summer of 2020, TC activities experienced a contrastive
transition over WNP, from silence in July to unusually active in
August. Furthermore, the genesis location of TCs was further
northwestward, resulting in more typhoons landing, and even
three TCs successively moving northward during late August,
which is rare in history. Here, we identified the controlling factors

leading to the intriguing phenomenon and examined the role of
large-scale environmental conditions, especially the impact of MJO.

Based on the total GPI diagnoses between July and August 2020,
it is suggested that the variations of the enhanced mid-tropospheric
relative humidity and enhanced upward convective motion have
acted as major factors for the transition of TC genesis from July to
August 2020, while the changes of SST, low-level vorticity, and
vertical wind shear anomalies played a secondary role. The
exceptional variation of MJO activity from July to August 2020
contributed to the transition of the environmental conditions over
WNP. In July 2020, the long-term duration of MJO in the Indian
Ocean favors an anomalous low-level anticyclone over WNP that
intensifies theWPSH.While inAugust,mainly in early August,MJO
propagated eastward with enhanced convections over the South
China Sea and the Philippine Sea, leading to intensively active TC
genesis. Thus, MJO activity plays an important role in modulating
TC activity inWNP for the intraseasonal variation in 2020 summer,
also implying a potential predictability source for the intra-seasonal
variation of TC activity in WNP.

In this work, we investigated the role of MJO variation on the TC
transition from July to August. Some previous studies pointed out
that in addition to the MJO, the 10–20-day intraseasonal oscillation

FIGURE 8 | Frequency of MJO phases during (A) July and (B) early August in 2020 (red bars) and their corresponding climatology (blue bars).

FIGURE 9 | Anomalous composites of 500-hPa geopotential height (contour, gpm), OLR (shading, W m−2), and 850-hPa horizontal wind (vector, m s−1) in MJO (A)
phases 1–2 and (B) phases 4–5 during July–August of 1981–2020.
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(QBWO) and synoptic-scale waves (SSWs) also play roles in TC
genesis over theWNP (Frank and Roundy, 2006;Wu and Cao, 2017;
Huangfu et al., 2022). Huangfu et al. (2022) emphasized that without
SSWs, the impact from two other intraseasonal oscillations can be
overestimated. Thus, it is interesting for a future work to further
examine the impact of these different time scale oscillations on the
contrastive transition of TC genesis in 2020.
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