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ABSTRACT

A statistical analysis of the initial vortexes leading to tropical cyclone (TC) formation in the western North Pacific
(WNP) is conducted with the ECMWF ERAS reanalysis data from 1999 to 2018. It is found that TCs in the WNP basically
originate from three kinds of vortexes, i.e., a mid-level vortex (MV), a low-level vortex (LV), and a relatively deep vortex
with notable vorticity in both the lower and middle troposphere (DV). Among them, LV and DV account for 47.9% and
24.2% of tropical cyclogenesis events, respectively, while only 27.9% of TCs develop from the MV, which is much lower
than that which occurs in the North Atlantic and eastern Pacific. Such a difference might be ascribed to the active monsoon
systems in the WNP all year round. Due to the nearly upright structure of mid-level convergence in the early pre-genesis
stage, TC genesis efficiency is the highest in DV. Compared with MV, LV generally takes a shorter time to intensify to a
TC because of the higher humidity and the stronger low-level cyclonic circulation, which is related to air-sea interaction
and boundary-layer convergence. Further examination of the relationship between tropical cyclogenesis and large-scale
flow patterns indicate that the TC genesis events associated with LV are primarily related to the monsoon shear line,
monsoon confluence region, and monsoon gyre, while those associated with MV are frequently connected with easterly
waves and wave energy dispersion of preexisting TC. Compared with other flow patterns, tropical cyclones usually form

and intensify faster in the monsoon confluence region.
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Article Highlights:

* TCs in the WNP originate from three archetypes of vortexes, i.e., mid-level vortex, low-level vortex, and relatively

deeper vortex.

* Most of the TCs originate from LV-type, while 27.9% and 24.2% of the TCs develop from MV-type and DV-type,

respectively.

* TC genesis events associated with LV are primarily related to SL, CR, and GY, while MV are frequently connected with

EW and PTC.

1. Introduction

Understanding tropical cyclone (TC) formation and evo-
lution under complex multiscale processes is fundamental to
improve TC forecasts and emergency response plans. The
large-scale conditions favorable for TC formation have been
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well known, namely, deep thermocline with sea-surface tem-
perature higher than 26.5°C, weak vertical wind shear,
cyclonic low-level vorticity, organized deep moist convec-
tion, sufficient amount of moisture, and a warm core in the
middle troposphere (Gray, 1968; Briegel and Frank, 1997).
However, the infrequent and sporadic formation of TCs
within regions having favorable large-scale conditions indi-
cates that mesoscale processes, such as a mesoscale
cyclonic vortex or vortical hot towers, play key roles in tropi-
cal cyclogenesis (Holland, 1995; Bister and Emanuel, 1997;
Ritchie and Holland, 1997; Montgomery et al., 2006). To
date, the mesoscale systems controlling the formation of a
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TC are still not clear and are the focus of ongoing research.
There are many unsolved and debatable issues about the
mesoscale dynamical processes leading to TC formation.
One of the issues concerns which kind of mesoscale vortex
can result in a well-organized TC vortex leading to tropical
cyclogenesis.

The midtropospheric mesoscale cyclonic vortex custo-
marily develops within a mesoscale convective system
(MCS) or mesoscale convective complex, and itis a very com-
mon feature in the tropics. Some observational studies show
that such a mesoscale vortex usually precedes the tropical
cyclogenesis (e.g., Simpson et al., 1997; Raymond et al.,
2011; Komaromi, 2013; Zawislak and Zipser, 2014). From
the perspective of vortex dynamics, Ritchie and Holland
(1997) and Bister and Emanuel (1997) described the possible
roles of the midlevel mesoscale cyclonic vortex in the TC for-
mation. The former suggested that the merger of the mid-
level vorticity anomalies in the MCSs will result in a large
mid-level mesoscale cyclonic vortex with deep penetration
depth, which can induce the strengthening of low-level
cyclonic circulation. By contrast, Bister and Emanuel (1997)
found that the downward extension of the mid-level
cyclonic vortex via vertical advection can spin-up the TC sur-
face circulation.

Considering that the midlevel mesoscale cyclonic vortex
is usually coupled with a low-level cold anomaly, Raymond
et al. (2014) argued that the relative humidity is usually
high under the mid-level vortex, which greatly aids the devel-
opment of deep convection and spin-up of a TC by weakening
the evaporative cooling and the downward mass flux in the
lower troposphere. Different from Raymond et al. (2014),
Dunkerton et al. (2009) proposed the “marsupial paradigm”
to illuminate the influence of midlevel mesoscale cyclonic
vortex on the convective activity and TC formation. They sug-
gested that the closed circulation of the mid-level vortex can
serve as a wave-pouch (a region of closed circulation in the
co-moving frame of reference) to protect the deep convection
from dry air intrusion and vertical wind shear, favoring sus-
tained deep convection inside the vortex and then TC forma-
tion. Dunkerton et al. (2009) further pointed out that approxi-
mately 90% (55 out of 61 tropical storms and hurricanes) of
tropical cyclogenesis events in the North Atlantic and eastern
Pacific from 2000 to 2001 were associated with the wave
pouch theory. In the western North Pacific (WNP), Zhang et
al. (2010) and Guo and Zhang (2012) also found that the
mid-level cyclonic vortex made important contributions to
the formation of Typhoon Durian (2001). Zhang et al. (2010)
indicated that the mesoscale vortex plays multiple roles of
organizing the system, maintaining vorticity memory, and pro-
viding for vertical uniformity. Guo and Zhang (2012) empha-
sized that the merger of mesoscale vortexes may be a possible
inducing mechanism for the tropical cyclogenesis.

In addition to the mid-level vortex, the low-level vortex
sometimes can also be the precursor of a TC. Davis and
Bosart (2004) showed that during the formation of Hurricane
Humberto (2001), rather than a traceable downward extension
of a mid-level vortex, the low-level vorticity became notice-
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able and the initial vorticity enhancement occurred over a
relatively shallow layer with peak vorticity centered at
about z = 1-2 km. Through a cloud-resolving simulation,
Fang and Zhang (2010) suggested that the surface-based vor-
tex of incipient TC Dolly (2008) and the formation of cold
pools at low levels first appeared after the burst of convec-
tion. Furthermore, according to Wu and Fang (2019), Super
Typhoon Nepartak (2016) originated from an embedded
low-level vorticity perturbation due to the breakdown of the
intertropical convergence zone (ITCZ) over the WNP.

The concentration of humidity and stretching associated
with the low-level cyclonic circulation is conducive to the out-
break of deep convection and the development of small-
scale vortical hot towers (VHTSs). The coalescence and
growth of deep convective VHTSs subtract energy from the
ocean and release latent heat to moisten the troposphere, accel-
erating the spin-up of the surface vortex and engendering
the nascent TC through the upward transport of low-level
cyclonic vorticity connected with deep convection (Mont-
gomery and Enagonio, 1998; Moller and Montgomery,
2000; Hendricks et al., 2004; Montgomery et al., 2006;
Tory et al., 20064, b).

Because the above mentioned two archetypes represent
end points on the spectrum of precursors, we do not anticipate
that there is a clear threshold separating one type from
another. In fact, the vorticity anomalies are sometimes spa-
tially distinct in both the lower and middle troposphere during
the early pre-genesis stage of TCs. Based on numerical simu-
lation and theoretical analysis, Zhang et al. (2021) investi-
gated the characteristics and mechanism of vertical vortexes
coupling in the genesis of TC Durian (2001) over the South
China Sea and emphasized the importance of VHTs in cou-
pling the initial vortexes in the low- and mid-levels until the
vortex system developed sufficient amplitude due to wind-
induced surface heat exchange (WISHE) instability
(Emanuel, 1994).

Up to now, studies of the mesoscale processes leading
to TC formation primarily concentrated on the North
Atlantic and eastern Pacific basins, yet the WNP is the
region with the most TCs globally. Due to the active Asian
monsoon, the large-scale background circulations of tropical
cyclogenesis are much more complex in the WNP than that
in the North Atlantic and eastern Pacific basins. Holland
(1995) considered the major components of monsoon circula-
tion in the WNP to be monsoon depression, westerly mon-
soonal flow, and confluence zone to the east of the monsoon.
Via the Japanese Geostationary Meteorological Satellite
(GMS) and an 8-yr analysis set, Ritchie and Holland (1999,
hereafter RH99) broadened and extended the early work of
Holland (1995) and classified the major flow patterns prefer-
ring TC genesis in the WNP into five categories: monsoon
shear line (SL), monsoon confluence region (CR), monsoon
gyre (GY), easterly wave (EW), and wave energy dispersion
of preexisting TC (PTC). It remains uncertain whether the
TC originates from different mesoscale processes under differ-
ent large-scale flow patterns. However, such an issue has
not been discussed in the literature.
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To deepen the understanding of mesoscale features and
processes of tropical cyclogenesis, a statistical analysis on
TC formation in the WNP is performed in this work with
focus on the role of mesoscale vortices in the tropical cycloge-
nesis and their relationship with the large-scale background
circulation. The rest of the paper is organized as follows. Sec-
tion 2 introduces the data and analysis method. Section 3
overviews the statistical characteristics and the large-scale
environmental circulations of three archetypes of TC genesis
in WNP. The genesis efficiency of TC genesis associated
with different mesoscale vortexes is also presented in section
3. Section 4 and 5 provide the discussion and concluding
remarks.

2. Data and methodology

The analyses in this study are based on the European Cen-
tre for Medium-Range Weather Forecasts (ECMWF) fifth-
generation global atmospheric reanalysis (ERAS5) at 0.25°
resolution every 6 hours from 1999 to 2018. The tropical
cyclogenesis records are taken from the Joint Typhoon Warn-
ing Center (JTWC) best-track data (Chu et al., 2002) in the
WNP basin and the time of TC genesis is defined as when
the first tropical depression (TD) record appears in the
JTWC best-track dataset following DeMaria et al., (2001), e.
g. the maximum sustained surface winds greater than 25 kt.
Among the 580 best-track records in the WNP basin over
20 years, 42 records indicating the TC formed east of 165°E
or north of 30°N are excluded following RH99. Therefore,
there are a total of 538 records employed in this study.

2.1. Identification of the initial vortex leading to tropical
cyclogenesis

The identification of the initial vortex leading to tropical
cyclogenesis relies on detecting and tracking the vortex cen-
ters before TC formation. Following Hodges (1994, 1995,
1999), the pre-TC disturbance was tracked before tropical
cyclogenesis with filtered relative vorticity at the level of
1000 and 600 hPa. Here, we choose constant pressure levels
of 1000- and 600-hPa to represent the lower and middle tropo-
sphere. First, the vorticity field was spectrally filtered using
Gaussian smoothing with a standard deviation of 1 degree
within a domain of 2000 km to eliminate the local vorticity
maximum caused by local convection so that the track trajec-
tories would be smoother and more successive. The tracking
algorithm was realized by detecting the vorticity maxima
that exceed a threshold of 1.5 x 10~ s~! using the steepest
ascent maximization method (Hodges, 1995). Then the vortic-
ity maxima of adjacent times were preliminarily linked
together by applying a nearest-neighbor approach and
finally refined by a B-spline interpolation and minimizing a
cost function for track smoothness (Hodges, 1999, Hodges
et al., 2017). A distance check between two sequential times
at one special layer was performed to help ensure that the
tracker found did not exceed a specific distance and
belonged to the same system. When distance became too
large, the tracker would terminate tracking for this particular
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disturbance. The distance threshold was set as 330 km for
current study. One example of vortex tracking is shown in
Fig. 1. Figure 1a shows the relative vorticity at 1000 hPa in
WNP at a specific time, and Fig. 1b is the filtered vorticity
after Gaussian smoothing. The green dots represent the vortic-
ity maxima exceeding a threshold of 1.5 x 107 s-!
detectable at this specific time, and the black dots are the loca-
tion of the past or the future of these vorticity maxima, con-
nected by black lines with a nearest-neighbor approach.
The track we can see is the final state after being refined by
a B-spline interpolation and minimizing a cost function for
track smoothness.

The initial vortex leading to tropical cyclogenesis was
identified according to the longevity of vortex tracking in
the lower and middle troposphere, which is defined as the
period from the time when the vorticity exceeds the thre-
shold that can be detected to the TC genesis moment. If the
1000-hPa (600-hPa) vorticity anomaly could be tracked for
alonger time compared with the 600-hPa (1000-hPa) vorticity
anomaly, then the genesis is assumed to have resulted from
a low-level (mid-level) vorticity anomaly. When the differ-
ence between the tracking periods of 1000- and 600-hPa vor-
ticity anomalies is less than or equal to 6 hours, the genesis
event is taken as resulting from both low-level and mid-
level vorticity anomalies, so it is thought to be induced by a
relatively deep vortex in the lower-to-middle troposphere.
For brevity, the archetypes of TC genesis mentioned above
are respectively referred to as LV-type, MV-type, and DV-
type hereafter.

2.2. Identification of major environmental flow patterns

Using the subjective classification procedure, RH99 cate-
gorized the environmental circulation preferred for tropical
cyclogenesis into five large-scale dynamical patterns in the
WNP, ie., SL, CR, GY, EW, and PTC. Based on this,
Yoshida and Ishikawa (2013, hereafter YI13) developed an
objective algorithm for computing “scores ” to classify
major flow patterns favoring TC formation over the WNP,
in which the contribution to the TC formation from each
large-scale flow pattern is quantitatively denoted by a score
calculated from the reanalysis data. The “contribution
scores’ consist of an intensity term and a distance term, and
they are normalized by their maximum values so they can
be compared to that of the other flow patterns (contribution
scores in Fig. 2). They are calculated based on the zonal and
meridional wind components at 850 hPa, as well as the sea
level pressure.

In order to reduce the influence of some high-frequency
disturbances and try to unify the “contribution scores” so
that they can be compared with other flow patterns more
acceptable, an objective detection method was employed in
this work with some modifications. First, the TC-related sig-
nals were removed from the ERAS wind field following the
procedure proposed by Kurihara et al. (1993, 1995) before
the calculation of contribution scores related to the SL, CR,
GY, and EW patterns. The elimination of TC signals can
largely avoid the occurrence of a false high score for SL or
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Fig. 1. Example of vortex tracking: (a) 1000-hPa relative vorticity (units: 107 s=1) at 0000 UTC 3 July 2016.
(b) Filtered vorticity (units: 10~ s~1) and tracking trajectories.

CR. Second, a low-pass Lanczos filter with a 10-day cutoff
period was applied to the wind fields before the calculation
of contribution scores related to the SL, CR, and GY patterns
(Duchon, 1979; preconditioning in Fig. 2). Finally, the contri-
bution score of GY was derived from a new algorithm on
the basis of Wu et al. (2013, hereafter W13), i.e.,

fSV-ér-exp(A X dist)
Max [SCRGy]

SCRgy = ,
where 55 ¢V -or is the relative circulation on the gyre center
within a radius of 10°. The gyre center is searched within a
test domain, the length and the width of which are both 15
grid cells centered at the tropical cyclogenesis location, and
defined as the location where it is surrounded by cyclonic cir-
culation that has an outermost closed isobar with a diameter
on the order of 2200 km (Lander, 1994; Harr et al., 1996).
In Eq. (1), the parameter d;; represents the distance between
the TC genesis location and the gyre center, and A is a tuning

parameter to adjust the distance range for the exponential
function that is empirically set to —2.0x10~7. The contribution
score is normalized by its maximum value, Max[SCRgy],
following other flow patterns in YI13. RH99 suggested that
the GY is quite different from the SL since the former has
lower sea level pressure in a larger region, so the GY score
was calculated only for cases when the central minimum sea
level pressure was lower than 1006 hPa (Fig. 12 in RH99).
For the GY pattern, the filtered 850-hPa wind and the sea
level pressure at the TC genesis time were adopted because
the cyclonic circulation in the GY pattern is more significant
than that in the SL and CR patterns at the TC genesis time
(RH99; time selection in Fig. 2).

RH99 and Zehr (1992) suggested that the TC perturba-
tion usually occurs approximately 72 h prior to the TC genesis
time. Briegel and Frank (1997) also indicated that the south-
westerly surges related to SL and CR appear at around 72 h
before TC genesis in the WNP. Based on these studies,
YI13 derived the “contribution scores” of the SL, CR, and
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EW flow patterns from the averaged 850-hPa wind field at
66 and 72 h before the TC genesis time. In our work, the “con-
tribution score” of PTC pattern was also computed with the
ERAS data at 69 h prior to the TC genesis time because the
appearance of a preexisting TC in the northwest quadrant
72 h prior to TC genesis is necessary to define the PTC pattern
(RH99; time selection in Fig. 2). In practice, the PTC pattern
derived from ERAS 69 h before genesis is much more reliable
than that at the TC genesis time, even though the wave train
in the PTC pattern is more remarkable at the TC genesis
time (YI13).

Table 1 shows the number and percentage of five large-
scale flow patterns associated with tropical cyclogenesis in
the WNP during the period from 1999 to 2018. Among the
538 TCs, the most frequent flow pattern is SL (37.0% of the
total), followed by EW (18.6%) and CR (17.7%). PTC and
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GY patterns account for 13.9% and 12.8%, respectively. As
we can see, there is no unclassified flow pattern as in YI13.
If cases existed with no value for the scores of any of the
five patterns, the valid time of 850-hPa wind used to compute
the contribution scores was adjusted according to the tracking
longevity of the vortex case by case.

The statistical results of the large-scale flow patterns in
the current study were compared with YI13, RH99, W13,
and Zong and Wu (2015, hereafter ZW15), which are all con-
ducted in the WNP but during different periods (Table 1). In
all analyses, SL is the most frequent pattern (also in ZW15,
which combined SL and CR together into the monsoon
trough), followed by EW and CR at approximately 20%,
whereas PTC and GY have small frequencies. Since we put
forward a new algorithm to calculate the contribution score
of GY following W13, it is necessary to discuss some main

reanalysis data
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SL CR

GY EW PTC

TC-related signals removed
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!
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contribution scores

|

_ [intensity term] - exp(A - dis)
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Highest score taken as
the dominant pattern

)

Fig. 2. Flowchart describing the classification algorithm of major environmental flow patterns.

Table 1. Statistical summary of five large-scale flow patterns associated with TC genesis in the WNP for the 20-yr study period from
1999 to 2018 and categorization results in Y113, RH99, W13, and ZW15. SL, CR, GY, EW, and PTC stand for the monsoon shear line,
monsoon confluence region, monsoon gyre, easterly waves, and wave energy dispersion of preexisting TC, respectively. The percent in

parentheses represents the proportion of each flow pattern.

ALL SL CR GY EwW PTC
Current (1999-2018) 538 199 (37.0%) 95 (17.7%) 69 (12.8%) 100 (18.6%) 75 (13.9%)
YI13 (1979-2008) 908 380 (41.9%) 146 (16.1%) 59 (6.5%) 165 (18.2%) 97 (10.7%)
RH99 (1984-92)! 199 84 (42.2%) 58 (29.1%) 5(2.5%) 36 (18.1%) 16 (8.0%)
W13 and ZW15 (2000-10)2 212 91 (43.1%) 42 (19.8%) - -

11989 is excluded.
20nly May-October are considered.
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reasons that cause the percentage discrepancy of the GY pat-
tern with that in W13. Actually, W13 analyzed only the tropi-
cal cyclogenesis associated with monsoon gyres and did not
consider the PTC and EW patterns at the same time, while
many tropical cyclogenesis cases were influenced by two or
more environmental flow patterns simultaneously. Under
this kind of situation, we need to compute the contribution
scores from different patterns to determine the dominant
one. Therefore, in our current study, not all tropical cyclogen-
esis under the influence of monsoon gyre is categorized into
the GY pattern.

Figure 3 displays the composite large-scale circulation
of the five flow patterns at the first time when the initial
mesoscale vortex is detected. We can see there are some
major differences among different flow patterns. The shear
line and confluence region of SL and CR occur preferentially
equatorward (around 5°-10°N), in keeping with the break
of ITCZ and the monsoon trough (Figs. 3b—c). Compared
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with SL and CR, GY appears poleward (around 15°-20°N)
and westward, and the cyclonic circulation is obvious
(Fig. 3d). Such features are much more evident at the TC gen-
esis time (not shown). The EW pattern is dominated by
broad easterly flow (Fig. 3e). The large-scale circulation of
PTC is quite close to that of the GY pattern with distinct
cyclonic circulation (Fig. 3f). The major differences among
these five typical large-scale circulation systems further illus-
trate the effectiveness and validity of environmental flow pat-
terns classification algorithm.

3. Statistical characteristics of the three
archetypes of TC genesis in WNP

3.1. The statistics of three archetypes of TC genesis

From Table 2, we can see that most of the TCs originated
from the low-level vortex (47.9%) while 27.9% and 24.2%
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Fig. 3. The origin of vortex perturbation (the first time when initial vortex can be detected) for (a) all
analyzed TCs in WNP and for (b)—(f) three archetypes of TC genesis in the five large-scale background flow
patterns. Vectors are the composite 850-hPa wind field (units: m s~!) at the time when pre-TCs first appear,
and the contour is the zonal wind (units: m s~!) at the same height.
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of the TCs developed from the mid-level vortex and deep vor-
tex, respectively, over the WNP in the period of 1999-2018.
The proportion of MV-type tropical cyclogenesis in the
WNP is much lower than that in the North Atlantic and eastern
Pacific, where about 90% of TCs developed under the protec-
tion of a “wave pouch” in the mid-troposphere (Dunkerton
et al., 2009). Such a difference might be ascribed to the fol-
lowing two reasons. On the one hand, Dunkerton et al.
(2009) only focused on the mid-level vortex during TC forma-
tion, but in fact, the mid-level vorticity anomalies can also
be generated in the TC genesis events associated with LV
and DV. On the other hand, the large-scale background circu-
lations of tropical cyclogenesis in WNP are usually associated
with the East Asian monsoon system, which is different
from the North Atlantic and eastern Pacific basins in that
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they are influenced by easterly waves all year round. The
large-scale background flow pattern of the monsoon trough
makes it relatively easier for a low-level disturbance to
develop much faster in WNP. Moreover, from the classifica-
tion results of initial vortexes leading to tropical cyclogene-
sis, we should note that a substantial part of TCs with a rela-
tively deep vortex develop simultaneously in the lower and
middle troposphere, which is often ignored in previous
work.

Seasonal variation in the proportion of different
archetypes of TC genesis is displayed in Fig. 4. From
Figs. 4a—b we can see that three types of initial vortexes lead-
ing to TC genesis occur in all months and the seasonal
changes are not apparent. From around July to October, the
percentage of the LV-type decreases while the MV-type and

Table 2. Statistical summary of archetypes of TC genesis and five large-scale flow patterns in the WNP from 1999 to 2018. MV, LV,
and DV stand for the mid-level vortex, low-level vortex, and relatively deep vortex leading to TC genesis. The percent in parentheses
represents the proportion of each archetype of TC genesis and flow pattern.

ALL SL CR GY EwW PTC
ALL 538 199 (37.0%) 95 (17.7%) 69 (12.8%) 100 (18.6%) 75 (13.9%)
MV 150 (27.9%) 30 19 8 49 44
LV 258 (47.9%) 131 51 39 25 12
DV 130 (24.2%) 38 25 22 26 19
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Fig. 4. (a)—(b) Seasonal variation of three archetypes of TC genesis in the WNP for the 20-yr study period
from 1999 to 2018. (a) Accumulated number of TC genesis cases per month, and (b) percentages normalized
by the monthly total. (c)—(d) Similar to (a)—(b) but for the five flow patterns.
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DV-type enhance slightly. Figure 5 shows the regional
distribution of TC genesis and the origin of vortex perturba-
tion (the first time when initial vortex can be detected) in
three archetypes of TC genesis. The genesis of LV-type
occurs preferentially near the equator while the MV- and
DV-type occurs more poleward and is scattered over the
WNP (Figs. 5a—c). From the average location of each type
presented in the subtitle, we can see that the TC genesis loca-
tions of all cases are mainly concentrated at 14°N, 135°E
(TCs formed east of 165°E or north of 30°N are excluded).
The TC genesis locations of MV-type and LV-type
occurred on average farther to the north and south, respec-
tively. With respect to the origin of the initial vortex, except
for the discrepancy in latitude that has been shown in the
TC genesis location, there are also some meridional differ-
ences among the three archetypes, i.e., the origins of initial
vortex in the MV-type and DV-type are biased to the east
and west, respectively (Figs. 5d—f).
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Figure 6 gives the time evolution of the composite rela-
tive vorticity and divergence averaged within a 2° radius
around the vortex center for MV-type, LV-type, and DV-
type, respectively. The vortex center is tracked based on fil-
tered relative vorticity averaged between 1000-600 hPa.
Data are composited from 5 days before TC genesis and
black contours represent the standard deviation. The three
archetypes of TC genesis exhibit distinct differences in vor-
ticity enhancement in the center area. The maximum vorticity
first appears at the mid and low levels in the MV-type and
LV-type, respectively, which is consistent with the
archetypes mentioned above and confirms the validity of clas-
sification of initial vortexes leading to tropical cyclogenesis
in the current study. The DV-type can also be distinguished
from the other two types in that it shows a relatively deep vor-
tex structure in the vertical (Fig. 6¢). From Figs. 6d—f, the
convergence is concentrated near the surface in all types,
while the strong convergence (greater than 0.8 x 1075 s71)
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Fig. 5. Genesis distribution of (a) MV-type, (b) LV-type, and (c) DV-type. (d)—(f) Similar to (a)—(c) but for
the origin of vortex perturbation (the first time when initial vortex can be detected). The longitude and
latitude in the subtitle present the average location for three archetypes of TC genesis.
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Fig. 6. Time-pressure diagram of composite vertical relative vorticity (shading; units: 105 s=1) and standard deviation
(contours; units: 1075 s~1) averaged within a 2° radius around the vortex center in (a) MV-type, (b) LV-type, and (c) DV-type.
(d)—(f) Similar to (a)—(c) but for the horizontal divergence. The vortex center is tracked on the basis of filtered relative

vorticity averaged between 1000-600 hPa.

first appears in LV about 72 hours before tropical cyclogene-
sis, and the convergence in the mid-troposphere is more obvi-
ous in DV-type. This will be discussed further in section
3.3.

Figure 7 similarly illustrates the time evolution of com-
posite relative humidity and temperature perturbation in the
pre-TC stage. The temperature perturbation is defined as the
deviation of the temperature from the environmental aver-
age. The increase of moisture content is apparent in all
archetypes of TC genesis, especially at 600 hPa. There is a
tendency for drying before tropical cyclogenesis, which
may correlate with the warm core structure during TC devel-
opment as well as the environmental intrusion at the same

time. The overall environmental moisture condition in the
MV-type is drier compared with other two types (Fig. 7a—c).
From Figs. 7d—f, the temperature is higher than that of the sur-
rounding environment, especially in the upper troposphere.
The warm core develops 5 days before genesis and extends
downwards with time from 48 h prior to tropical cyclogene-
sis. The temperature perturbation in the MV-type is a little
bit weaker than that in the other two types (Fig. 7d).

3.2. The large-scale environmental circulations of three
archetypes of TC genesis

To interpret and verify the differences of TC genesis
type in the WNP and the North Atlantic and eastern Pacific,
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Fig. 7. As in Fig. 6, but for (a)—(c) the relative humidity (units: %), and (d)—(f) the temperature perturbation (units: K). The
temperature perturbation is derived by removing the background temperature.

the previously discussed objective detection method was
employed following YI13 to categorize the large-scale envi-
ronmental circulations into five patterns. Table 1 shows the
number and percentage of five large-scale flow patterns
over the WNP in the period from 1999 to 2018: SL (199
cases, or 37.0%), EW (100 cases, or 18.6%), CR (95 cases,
or 17.7%), PTC (75 cases, or 13.9%), and GY (69 cases, or
12.8%). Figures 4c—d displayed the seasonal variation in the
proportion of different flow patterns, from which we can
see that the tropical cyclogenesis events associated with the
SL, CR, and EW occur throughout the year. The percentage
of the SL is particularly high in winter due to the existence
of westerly or southwesterly winds over the WNP near the
equator. The occurrence of GY and PTC cases increases in
summer and autumn, respectively, which can be explained

by the following considerations. The monsoon gyres tend to
be stronger over the WNP in summer, thus the GY flow pat-
tern may be organized more frequently. Moreover, due to
the multiple tropical cyclone events and the increase in the
number of TCs from summer to autumn, the opportunity for
preparing the PTC flow pattern enhances accordingly.

These five flow patterns increase significantly in
typhoon seasons, which must have a certain impact on TC
activity. To examine the relationship between these large-
scale flow patterns and the three archetypes of TC genesis,
we categorize the initial vortexes leading to tropical cyclogen-
esis in the five large-scale background flow patterns. From
Table 2 and Fig. 8, we can see that the LV-type dominates
in SL, CR, and GY (higher than 50%), while the MV-type
is more frequent in PTC and EW. The DV-type happens in
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Fig. 8. (a) Accumulated number of archetypes of TC genesis in different large-
scale background flow patterns. (b) Similar to (a) but for percentages
normalized by total number in each flow pattern.

all flow patterns uniformly. Obviously, the type of initial vor-
tex leading to tropical cyclogenesis is closely related to the
environmental flow patterns. This is consistent with the find-
ings from Fu et al. (2007) that the contraction of the distur-
bances and convergence from the large-scale circulation is a
possible mechanism contributing to TC genesis.

The relationship between the three archetypes of TC gen-
esis and the large-scale circulation is much clearer in Fig. 9,
which compares the tracking longevity of the low- and
mid-level vorticity precursors of TCs in the five large-scale
background flow patterns. The tracking longevity is defined
as the time from initial vortexes in the low- or mid-levels
that can be detected to the TC genesis time. The red dashed
line indicates when the tracking longevity is the same at
1000 hPa and 600 hPa. From Fig. 9a, we can see that the
longest vorticity precursor of TCs can be tracked for 12
days prior to tropical cyclogenesis, while there are tropical
cyclogenesis events without obvious vortex precursors
before TC formation (the tracking longevity is zero at both
the low- and mid-levels). Consistent with the statistical

results, i.e., LV-type dominates among three archetypes of
TC genesis, more TCs can be tracked for longer time in the
lower troposphere. Among different environmental flow pat-
terns, this situation is much clearer for SL, CR, and GY.
These three patterns are closely related to the low-pressure
trough with prominent shear, convergence, or cyclonic circula-
tion in the lower troposphere, thus the low-level disturbances
will develop relatively earlier.

In the cases of PTC and EW, more TCs can be tracked
for a longer time at 600 hPa (Figs. 9b—f). The definitive rela-
tionship between EW and PTC is consistent with YI13 that
PTC can possibly create and transfer vorticity in the environ-
ment and favors the evolution of TCs from the disturbance
of the easterly wave, so MV-type dominates in both these pat-
terns. The EW pattern is a synoptic-scale wave within the
trade wind system and the maximum amplitude of wave in
the easterlies appears approximately at 700 hPa (RH99). As
for the PTC pattern, it was illustrated as the consequence of
the train of vortices left after the preexisting TC in the south-
eastward direction through energy dispersion, leading to a
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Fig. 9. Scatter diagrams of the tracking longevity at 1000 hPa versus tracking longevity at 600 hPa (days) in different

large-scale background flow patterns. The red dashed line indicates when the tracking longevity is the same at 1000
hPa and 600 hPa.

sequence of developing cyclones (Carr III and Elsberry, ence first occur and are most pronounced in the middle tropo-
1995; McDonald, 1998). Holland (1995) suggested that sphere at around 700 hPa. Corresponding to the maximum
energy dispersion, phase locked processes, as well as conflu-  amplitude of each flow pattern, it is not difficult to interpret
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the close relationship between the archetypes of TC genesis
and the large-scale flow patterns. The environmental circula-
tion provides favorable environment for the vortexes and dis-
turbances to develop faster at the corresponding level.

Figure 3 showed the origin of three archetypes of TC
genesis in the five large-scale flow patterns, and the composite
large-scale circulation at the time when TC perturbations
first appear. We can see that the geographic distribution of
initial vortexes has obvious regional characteristics among
different flow patterns. The SL- and CR-TCs (hereafter, SL-
TC, CR-TC, and similar terms indicate a TC that formed in
SL, CR, or other large-scale flow patterns) occur preferen-
tially equatorward, in keeping with the break of ITCZ and
the monsoon trough (Figs. 3b—c). This is reasonable since
the SL- and CR-TCs happen at the northern and eastern
edge of the monsoon westerly winds, respectively. Com-
pared with SL- and CR-TCs, GY-TCs appear poleward and
westward, and the cyclonic circulation is obvious (Fig. 3d,
it is much clearer at the TC genesis time, not shown). The
EW-TCs can be tracked much farther eastwards from the cen-
tral Pacific, where broad easterly flow prevails (Fig. 3e).
The large-scale circulation of PTC is quite similar to that of
the GY pattern (Fig. 3f). From the three archetypes of TC gen-
esis in the five large-scale flow patterns, we can still see that
the LV-type dominates in SL, CR, and GY, and the MV-
type dominates in PTC and EW, but the regional distribution
of initial vortex does not show any significant difference
(Figs. 3b—1).

3.3. The genesis efficiency of the three mesoscale
vortexes

From Fig. 9a, we can see that some vorticity precursors
of TCs can be tracked for a very long time while some can
only be tracked for a very short time before TC genesis.
From comparing the tracking longevity of the vortex system,
tropical cyclogenesis efficiency in different types of initial
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vortexes and flow patterns were investigated. The tracking
longevity is defined by the time from when both vortexes in
the low- and mid-levels can be detected to the TC genesis
time (this is relatively straightfoward for different types of
initial vortexes). Long tracking time indicates low efficiency
of TC genesis, whereas short time equates to high efficiency.
Here, the genesis efficiency differs from TC genesis produc-
tivity in Zhao et al. (2018), who denoted the percentage of
TC clusters that develop into TCs for specific periods and
areas of interest. Figure 10 presents the percentage of tracking
longevity in the MV-type, LV-type, and DV-type events.
The tracking longevity has a peak at approximately 2-
3 days, and more than half of the total TC genesis cases can
be tracked within 4 days. In tracking longevity less than
4 days, MV-type is fewer and in tracking longevity between
4 to 5 days, MV-type is extremely high, which may indicate
the tropical cyclogenesis efficiency is not that high in MV-
type. Meanwhile, the difference between LV- and DV-type
is not that significant. There are several cases with tracking
longevity longer than 7 days, which mainly result from
either insufficient ocean thermal energy in winter and
spring, lack of significant planetary vorticity, topographic
blocking effects, competition between tropical disturbances,
and/or unfavorable moisture conditions. The average tracking
longevity of all TC cases is 71.1 h, which implies that on aver-
age, the vortex structure can be detected and tracked 3 days
before tropical cyclogenesis in the WNP. This is also the rea-
son why we chose the averaged 850-hPa wind field at 66
and 72 h before the TC genesis time when calculating the
“contribution scores” from large-scale background flow pat-
terns.

Without considering the cases with tracking longevity
longer than 7 days, the average tracking longevity in MV-
type, LV-type, and DV-type genesis is ~75.8, 71.2, and 65.6
hours, respectively. The frequencies of TC genesis with

0-1d 1-2d 2-3d 3-4d 4-5d 5-6d 6-7d 7-d

= MV-type

LV-type

DV-type

Fig. 10. Percentage of tracking longevity (days) in different archetypes of TC
genesis: MV-type (blue), LV-type (orange), and DV-type (gray).
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different tracking duration and the corresponding second-
order regression for three archetypes of TC genesis are
shown in Fig. 11. Regression can reduce the influence of
minimum and maximum on the average duration and the
axis of the fitting function () represents the median number,
which is sometimes more convincing. We could take both
average and median into account to better understand the
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TC genesis efficiency of different archetypes. From Fig. 11,
we can see that the axes of symmetry of x displayed in the
upper right corner are 74.2, 70.7, and 64.9 hours for MV-
type, LV-type, and DV-type, respectively. These results all
indicate that the genesis efficiency is highest in DV, and com-
pared with MV, LV usually takes a shorter time to upgrade
to a TC. This is consistent with Ge et al. (2013) that a bottom
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Fig. 11. Scatter diagrams of the tracking longevity of vortexes (hours) in (a) MV-type,
(b) LV-type, and (c) DV-type. The curve and x value in each diagram are the second-
order regression and axis of symmetry, respectively. Tracking longevity of cases

longer than 7 days are ignored.
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vortex has higher genesis efficiency than a mid-level vortex,
aresult of a study in which a set of idealized numerical simu-
lations with different initial vortex vertical profiles was
used.

The composite divergence fields show significant conver-
gence near the surface in all types but there are also some sub-
tle differences (Figs. 6d—f). Strong convergence in the low-
levels first appears in LV-type, and convergence in the mid-
troposphere is more obvious before tropical cyclogenesis in
DV-type (Figs. 6e—f). What’s more, the composite relative
humidity in the MV-type is slightly lower compared with
LV and DV (Figs. 7a—c). Table 3 gives the average conver-
gence, relative humidity, and some other synoptic conditions
of TC genesis among the three types of TC genesis events.
The relative humidity and vorticity in the lower- and mid-tro-
posphere, 850-hPa convergence, vertical wind shear, and con-
vective available potential energy (CAPE) shown in Table 3
are averaged within a 5° radius of the TC precursor center
from 72 h before genesis. The vertical wind shear is defined
as the difference in horizontal winds between the 850- and
200-hPa levels. In Table 3, we can see that the mid-level
humidity and large-scale convergence at 850 hPa show
great differences in MV and LV, with a 5% level of signifi-
cance. Relatively wet conditions and stronger convergence
in LV compared with the MV can explain why the former usu-
ally generates and intensifies faster to a tropical cyclone. In
MV-type, the surface cyclonic circulation is relatively weak
(Fig. 6a) and less conducive to the air-sea interaction and
boundary-layer convergence of water vapor and convective
development. Besides, the appearance of a surface cyclonic
vortex with sufficient amplitude is the sign of TC formation
(RH99; Tory et al., 2006a). Therefore, it seems that the LV
should be more beneficial to tropical cyclogenesis.

With relatively moist conditions and significant strong
convergence (Table 3), TCs develop the fastest in DV,
which indicates that the upright vortex structure and relevant
internal dynamics may play a critical role in tropical cyclogen-
esis. During the TC genesis, the high-level vorticity is also
enhanced at the same time along with the increase of low-
and mid-level vorticity. From the composite relative vorticity
of the TC-precursor in the three types of TC genesis
(Figs. 6a—c), we can see that the intensification rate of the vor-

Table 3.
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ticity in the upper troposphere is in accordance with the tropi-
cal cyclogenesis efficiency, i.e., fastest in DV-type and slow-
est in MV-type. This implies that the genesis efficiency is
partly determined by the vertical vortex structure. This is con-
sistent with idealized simulations in Peng and Fang (2021)
in which the intensification rate of a shallow vortex is
smaller than a relatively deep vortex and the TC takes a
longer time to reach a state of slantwise moist neutrality.
For a deep vortex, unstable low-level stratification and rapid
strengthening of the mid-to-upper level vortex will favor
deep convection bursts.

The averaged tracking longevity was calculated for five
large-scale background flow patterns associated with tropical
cyclogenesis, resulting in: 72.84, 67.98, 69.75, 70.68, and
72.34 hours in the SL, CR, GY, EW, and PTC patterns,
respectively. Additionally, the median values in the second-
order regression are 72.9, 63.5, 70.6, 69.0, and 72.1 hours,
respectively (Fig. 12). The difference in the genesis efficiency
among these flow patterns is not significant. Figure 13
shows the percentage of tracking duration in different back-
ground flow patterns by classifying them into periods less
than and more than 3 days. CR-TCs have a comparably
higher genesis efficiency than those in the other flow pat-
terns, which is in accordance with Fudeyasu and Yoshida
(2018) that CR-TCs have the highest rates of occurrence of
rapid intensification.

To clarify why TCs form and intensify fastest under the
influence of the CR pattern, the same TC genesis environmen-
tal factors were averaged within a 5° radius of the TC precur-
sor center among five background flow patterns. Table 4
shows that the highest genesis efficiency of CR-TCs is
mainly ascribed to favorable moist conditions especially in
the mid-troposphere. The average relative humidity of all
cases is 76.61% at 500 hPa, and it is a little bit higher
(80.08%) in the CR pattern, with a 5% level of significance.
It is worth mentioning that there is no difference in the genesis
efficiency among the other flow patterns, but all environmen-
tal parameters of the EW-TCs show significant differences
exceeding 95% confidence level. From Table 4, we can see
that EW-TCs exhibit unfavorable environmental characteris-
tics, such as low relative humidity, weak low-level conver-
gence, and cyclonic circulation. The latter may be correlated

Statistical summary of atmospheric environmental physical parameters associated with three archetypes of TC genesis

averaged within 5° radius of the pre-TC center from 72 h before genesis. Bold characters indicate significant differences exceeding 95%

confidence level with a 7 test.

ALL MV LV DV
1000-500-hPa average RH (%) 82.576 81.605 82.969 83.044
850-hPa RH (%) 83.152 82.583 83.369 83.455
500-hPa RH (%) 76.609 74.843 77.378 77.331
850-hPa convergence (105 s71) 0.316 0.276 0.328 0.346
1000-600-hPa vorticity (105 s~1) 1.738 1.734 1.728 1.766
850-hPa vorticity (105 s~1) 1.937 1.861 1.981 1.945
Vertical wind shear (m s1) 8.296 8.215 8.347 8.294
CAPE (J kg™ 638.921 639.455 637.666 641.092
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Fig. 12. As in Fig. 11 but for tracking longevity (hours) in different large-scale background flow patterns.

with the convection characteristics in the EW-TCs forma-
tions, in which the convection depth is shallower than that
in other monsoon-related formations and convection occurs
closer to the center (Lee et al.,, 2008). However, with
weaker vertical wind shear and larger CAPE, the genesis effi-
ciency of EW-TCs shows no apparent discrepancy with
other categories except CR-TCs.

4. Discussion

It is worth mentioning that the results presented in this
work are derived from the ERAS reanalysis data and thus it
is necessary to examine whether the results are robust using
different reanalysis datasets. Tables 5 and 6 are the statistical
summary of archetypes of TC genesis and five large-scale
flow patterns in the NWP derived from the 1-degree ERA-
Interim dataset from 1979 to 2018 and the 1-degree NCEP
FNL dataset from 1999 to 2018, respectively. Comparing
Tables 2, 5, and 6, we can see that the numbers of the different
genesis types and background circulations derived from the

different datasets are different. However, the percentages of
the three genesis types and the five background circulations
are equivalent. It is worth noting that the percentage of five
large-scale flow patterns associated with tropical cyclogene-
sis in the WNP is comparable with many previous results (e.
g., Ritchie and Holland, 1999; Wu et al., 2013; Yoshida and
Ishikawa, 2013; Zong and Wu, 2015). It is found that the cate-
gorization obtained in this work is like that presented in the
previous works (Table 1).

To evaluate the sensitivity of the findings in this work
to the best-track dataset, the archetypes of TC genesis were
tested with different kinds of data sources from JTWC,
CMA, and JMA (Table 7). There are respectively 538, 527,
and 455 TCs in the best-track datasets of JTWC, CMA, and
JMA over the WNP basin from 1999 to 2018 (TCs formed
east of 165°E or north of 30°N are excluded). TC records
from CMA are quite close to those from JTWC, which are
much greater in number than that of JMA. Some tropical
depressions are ignored in the JMA dataset. From Table 7,
we can see that the total numbers of the TC genesis types
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Fig. 13. Percentage of tracking duration (less than or more than 3 days) in
different large-scale background flow patterns. Tracking longevity of cases
longer than 7 days are ignored.
Table 4. Similar to Table 3 except for five large-scale flow patterns.
ALL SL CR GY EW PTC
1000-500-hPa average RH (%) 82.574 82.836 83.730 83.179 81.141 82.005
850-hPa RH (%) 83.154 83.318 83.959 83.527 82.249 82.728
500-hPa RH (%) 76.606 77.377 80.080 79.050 72.149 74.605
850-hPa convergence (105 s71) 0.316 0.331 0.328 0.307 0.293 0.304
1000-600-hPa vorticity (105 s~1) 1.739 1.735 1.852 2.163 1.319 1.774
850-hPa vorticity (105 s~1) 1.938 1.968 2.086 2.256 1.554 1.911
Vertical wind shear (m s~1) 8.295 8.496 8.670 8.735 6.850 8.780
CAPE (J kg™1) 638.92 625.37 642.62 637.28 670.12 630.03
Table 5. Similar to Table 2 except for the ERA-Interim dataset from 1979 to 2018.
ALL SL CR GY EW PTC
ALL 1026 398 (38.79%) 188 (18.32%) 98 (9.55%) 189 (18.42%) 153 (14.91%)
MV 307 (29.92%) 46 26 33 103 99
LV 455 (44.35%) 228 117 47 51 12
DV 264 (25.73%) 124 45 18 35 42
Table 6. Similar to Table 2 except for the NCEP FNL dataset.
ALL SL CR GY EW PTC
ALL 524 195 (37.2%) 92 (17.6%) 69 (13.2%) 98 (18.7%) 70 (13.4%)
MV 147 (28.1%) 32 17 8 50 40
LV 249 (47.5%) 125 52 39 23 10
DV 128 (24.4%) 38 23 22 25 20

derived from different data sources are different; however,
the percentages of the three genesis types are equivalent. Note-
worthy is that the genesis locations are verified to be quite
close among three datasets.

In addition to the sensitivities of the results to the reanaly-
sis datasets and best-track data, the possible influences of

the tracking method on the results presented in this work are
also evaluated. We conducted the vortex tracking with Tem-
pestExtremes (Ullrich et al., 2021) in the typhoon seasons in
2017 and 2018. The result shows that, of 64 TCs in 2017
and 2018, 19 (14) TCs originated from MV-type (DV-type)
and 31 TCs from LV-type, which is comparable to that
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Table 7. Statistical summary of archetypes of TC genesis in the
NWP from 1999 to 2018 compared with different kinds of data
sources from JTWC, CMA, and JMA.

JTWC CMA IMA
ALL 538 527 455
MV 154 (28.6%) 151 (28.7%) 133 (29.2%)
LV 249 (46.3%) 244 (46.3%) 216 (47.5%)
DV 135 (25.1%) 132 (25.0%) 106 (23.3%)

derived from the TRACK from Hodges, i.e., 19 (12) TCs orig-
inated from MV-type (DV-type) and 33 TCs from LV-type.
This result indicates that the TRACK from Hodges works
well in the detection of the vorticity perturbations in tropical
cyclogenesis. Some previous studies (e.g., Pinto et al., 2013,
2016) have also compared TRACK with other systems
before and verified the solid performance of TRACK from
Hodges.

Finally, the sensitivity of tracker was also tested with a
different vorticity threshold of 5 x 10~ s~1. The classification
results as well as TC genesis efficiency were quite close to
the current study. The average tracking longevity in MV-
type, LV-type, and DV-type genesis is ~62.5, 60.24, and
57.79 hours, respectively. The threshold of vorticity in our
manuscript is determined by the area-averaged vorticity,
which includes all vorticity centers that formed south of
50°N is 1.5 x 10> s~ at 900 hPa for 48 h or more could be
identified and tracked (Galarneau et al., 2015).

5. Concluding remarks

By using the ECMWF ERAS reanalysis data at 0.25° res-
olution and the TC best track from JTWC, this study investi-
gates the statistical characteristics of the initial mesoscale vor-
texes leading to tropical cyclogenesis events with a 20-yr anal-
ysis set from 1999 to 2018 of totally 538 TCs over the WNP.
It is found that the mesoscale vortexes that result in the forma-
tion of TCs in WNP can be categorized into three types: the
mid-level vortex (MV), the low-level vortex (LV), and the rel-
atively deep vortex with notable vorticity in both the lower
and middle troposphere (DV) by tracking the vortex centers
in the low- and mid-levels, respectively. The tropical cycloge-
nesis events related to different archetypes occur in all
months and do not exhibit obvious seasonal variabilities.
The regional distribution of TC genesis and the origin of vor-
tex perturbation show that the TC genesis locations of MV-
type and LV-type occurred on average farther to the north
and south, respectively and the origins of initial vortex in
the MV-type and DV-type are biased to the east and west,
respectively. The composite analysis of the time evolution
of the vortex structure suggests that the maximum vorticity
first appears at the mid- and low-levels in MV and LV, respec-
tively, while the DV-type can also be distinguished from the
other two types by a relatively deep vortex structure in the ver-
tical. The convergence is concentrated near the surface in all
types, while the strong convergence first appears in LV-
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type, and the convergence in the mid-troposphere is more
obvious in DV-type.

A distinction from that which occurs in the North
Atlantic and eastern Pacific regions, most vortexes that
cause TC formation in the WNP first appeared in the lower
troposphere (47.9%) or developed at the same time in the
low- and mid-levels (24.2%), and only 27.9% of tropical
cyclones (TCs) developed first in the mid-troposphere.
These differences might be ascribed to the active monsoon
systems in the WNP being present all year round. The large-
scale background flow pattern of the monsoon trough
makes it easier for the low-level disturbance to develop
much faster in WNP.

The environmental circulation related to each type of
tropical cyclogenesis over the WNP was determined from
classifying the large-scale background flows of TC formation
into five patterns, i.e., monsoon shear line (SL), monsoon con-
fluence region (CR), monsoon gyre (GY), easterly wave
(EW), and wave energy dispersion of preexisting TC (PTC)
via calculating the modified “contribution scores”, first pro-
posed by YI13. The results indicate that the TC genesis
events associated with LV mostly occurred in the SL, CR,
and GY patterns, whereas those associated with MV prefer
to happen in the EW and PTC patterns, which corresponds
to the maximum amplitude of each flow pattern. The DV-
type happens in all flow patterns uniformly.

Upon comparing the tracking longevity of the original
vortex in the pre-genesis stage, it is found that there are
some differences in the TC genesis efficiency among different
types of initial vortexes and the large-scale flow patterns.
The generation efficiency is the highest in DV-type, which
is ascribed to the nearly upright vortex structure and deep con-
vergence 120 h before genesis. TC generates and intensifies
faster in LV-type than MV-type owing to relatively moister
conditions and stronger convergence correlated with the sur-
face cyclonic vortex, which is related to greater air-sea interac-
tion and boundary-layer convergence. Among flow patterns,
the CR-TCs usually take a shorter time to upgrade to a tropical
cyclone compared with other flow patterns, which is mainly
due to favorable moist conditions, especially in the middle tro-
posphere.

This work investigates the original vortexes leading to
tropical cyclogenesis events and the associated environmental
background flow in WNP. The findings are statistically signif-
icant for improving our understanding of tropical cyclogene-
sis. The tracking duration of the vortex may have something
to do with the predictable scale. However, it is worth mention-
ing that although the tropical cyclogenesis event can be
traced back to an original MV, LV, or DV, the low- and mid-
level vortexes usually develop or strengthen sequentially dur-
ing the formation of a TC due to the intermittent outbreaks
of deep convection (Wu and Fang, 2019). How the original
mesoscale vortex works with the convection to affect the vor-
ticity fields in the lower to middle troposphere and finally
lead to the formation of a TC is one of the most important
issues in the tropical cyclogenesis deserving in-depth study.
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