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Abstract: It has long been known that incipient tropical cyclones (TCs) always occur in synoptic-scale disturbances or
tropical cyclogenesis precursors, and the disturbances can intensify only within a limited area during tropical
cyclogenesis. An observational analysis of five tropical cyclogenesis events over the western North Pacific during 11
August to 10 September 2004 is conducted to demonstrate the role of synoptic-scale disturbances in establishing a
limited area of low-deformation vorticity for tropical cyclogenesis.
The analysis of the five tropical cyclogenesis events shows that synoptic-scale tropical cyclogenesis precursors provide a
region of low-deformation vorticity, which is measured with large positive values of the Okubo-Weiss (OW) parameter.
The OW concentrated areas are within the tropical cyclogenesis precursors with a radius of about 400-500 km and can
be found as early as 72 hours prior to the formation of the tropical depression. When the TCs reached the tropical storm
intensity, the concentrated OW is confined to an area of 200-300 radius and the storm centers are coincident with the
centers of the maximum OW. This study indicates that the tropical cyclogenesis occurs in the low-deformation 18-72
hours prior to the formation of tropical depressions, suggesting the importance of low-deformation vorticity in
pre-existent synoptic-scale disturbances. Although the Rossby radius of deformation is reduced in TC genesis precedes,
the reduction does not sufficiently make effective conversion of convective heating into kinetic energy within the
low-deformation area. Further analysis indicates that the initial development of four of the five disturbances is coupled
with the counterclockwise circulation of the mixed Rossby-Gravity (MRG) wave.
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1 INTRODUCTION

Tropical cyclogenesis can be taken as a process for
the construction of a self-sustaining warm-cored
cyclonic vortex in which multi-scale interactions are
involved. While it has long been known that tropical
cyclogenesis always occurs in the area of pre-existent
synoptic-scale disturbances or so-called tropical
cyclogenesis precursors (Riehll [1]; Ramage [2]; Ooyama[3];
Zehr[4]; Gray[5]), which can be observed at low-levels as
a synoptic-scale(~700 km), organized but weak wind field

with multiple mesoscale convective systems (Gray [5]), a
recent marsupial concept provides new insights into the
influence of tropical cyclogenesis precursors on tropical
cyclogenesis ( Dunkerton et al . [ 6 ] ; Wang et al . [ 7 ] ;
Montgomery et al. [8]; Montgomery et al. [9]). In this
framework, tropical cyclogenesis precursors play an
important role in the establishment of the marsupial
pouch, a closed gyre favorable for tropical cyclogenesis.
Although the parent synoptic-scale system in the
marsupial concept was originally proposed for easterly
waves, Wang et al. [10] and Tory et al. [11] recently
suggested that the framework can provide useful
guidance on early tropical cyclogenesis detection.

In the WNP, the monsoon trough in the low
troposphere has been identified as one of the important
large-scale circulation patterns that provide necessary
large-scale conditions favorable for tropical cyclogenesis
(Sadler[12-13]; Gray[14-15]; Frank[16]; Chen et al.[17, 18]). Tropical
disturbances in the monsoon trough are often associated
with northwest-propagating wave trains on the synoptic
time scale, which are characterized by alternating
regions of cyclonic and anticyclonic circulations along
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the trough line (e. g., Nitta[19]; Lau and Lau[20]; Takayabu
and Nitta [21]; Chang et al. [22]; Sobel and Bretherton [23]).
Previous studies on the roles of tropical cyclogenesis
precursors were mainly focused on the differences in
temperature, moisture, low-level vorticity and vertical
motion between developing and non-developing
disturbances (Zehr[24]; McBride and Zehr[25]; Lee[26]; Fu et
al. [27]). While larger low-level vorticity and stronger
vertical motion were identified in developing cloud
clusters, these studies found little difference in
temperature and moisture between developing and
non-developing disturbances.

Dunkerton et al. proposed a new pathway for TC
formation within a tropical easterly wave and suggested
that the synoptic wave plays a vital role in establishing
a quasi-closed region of recirculating horizontal flow
that protects from hostile exterior influences (i.e., dry
air intrusion and shear/strain deformation) [6]. In the
easterly wave, the preferred location for tropical
cyclogenesis or the pouch center can be identified as the
intersection of the trough axis and the critical layer.
Wang et al. [28, 29] and Montgomery et al. [30] showed that
the marsupial pouch provides a focal point for the
merger of vortical convective structures and their
vortical remnants, and that a tropical storm forms close
to the center of the wave’s gyre pouch via system-scale
convergence in the lower troposphere and vorticity
aggregation. Tory et al. recently adopted the
Okubo-Weiss (OW) parameter to measure
low-deformation vorticity in the marsupial pouch and
suggested the importance of low-deformation vorticity
in tropical cyclogenesis [11]. They found that most TCs
that formed in tropical waves are associated with
enhanced levels of the OW parameter at the 850 and
500 hPa pressure levels for at least 24 h prior to the
time of TC declaration.

In fact, the role of low-deformation vorticity was
noticed in terms of the Rossby radius of deformation in
early studies, which suggested that the effective
conversion of convective heating to storm-scale kinetic
energy requires a substantial reduction in the Rossby
radius of deformation to prevent convective heating
being diffused away by gravity waves during the TC
genesis (Schubert et al. [31]; Schubert and Hack [32];
Ooyama [3]; Simpson et al. [33]) also suggested that the
low-deformation vorticity area may be necessary for the
efficient conversion of convective heating to kinetic
energy for system-scale intensification during tropical
cyclogenesis. In this study, the role of tropical
cyclogenesis precursors in establishing low-deformation
vorticity areas is demonstrated by examining the WNP
TC formation processes from the period 11 August to
10 September 2004. Further observational evidence is
provided to confirm the role of synoptic-scale tropical
disturbances associated with wave trains in the western
North Pacific (WNP) monsoon trough in establishing
the marsupial pouch for tropical cyclogenesis.

2 DATA AND METHODOLOGY

In this study tropical cyclogenesis precursors are
identified using the wind data from the National
Aeronautics and Space Administration (NASA) Modern
Era Reanalysis for Research and Applications
(MERRA) with a horizontal resolution of 1/2°
latitude×2/3° longitude at 42 vertical levels (Rienecker
et al.[34]). Note that the MERRA assimilation system did
not use the tropical storm relocation and bogus
techniques (Lee et al. [35]). Although observations are
continuously assimilated in the MERRA system, the TC
centers are not necessarily coincident with the records
in the Joint Typhoon Warning Center (JTWC) best track
dataset. For this reason, a variational approach is used
to locate TC centers in MERRA data (Wu et al.[36]).

In order to distinguish the contributions of the
multi-scale circulations, a monsoon trough is treated as
the low-frequency background relative to synoptic-scale
flows such as tropical disturbances and TCs(Wu et al.[37, 38])
and a Lanczos time filter is used to obtain the
low-frequency and synoptic-scale components from the
MERRA data at each grid point (Lanczos[39]; Duchon[40]).
Since Hsu et al. showed that TC circulation can
significantly contribute to low-frequency variance on the
intraseasonal time scale [41], the TC circulation is first
removed from the MERRA data using the method
proposed by Kurihara et al. [42, 43], and then a 10-day
low-pass filter is applied to obtain the low-frequency
background field. Previous studies indicate that the
periods of synoptic disturbances can be 3-5 days and
6-10 days (Takayabu and Nitta[21]; Lau and Lau[20]). We
conducted a spectral analysis of the relative vorticity in
the monsoon trough and found two significant spectral
peaks around 4 days and 8 days during the period 11
August to 10 September 2004 (figure not shown). Thus
a band-pass filter with a cut-off period of 2-10 days is
used to obtain the synoptic-scale components in this
study.

3 TROPICAL CYCLOGENESIS

In this study, we take tropical cyclogenesis as a
process by which a synoptic-scale disturbance intensifies
first to the tropical depression strength (21 kt) and then
to the tropical storm strength (35 kt) in the JTWC best
track dataset. The genesis time is defined when a
tropical disturbance first reached the tropical depression
strength. Fig.1 shows the genesis time and subsequent
tracks of the five TCs observed during the period 11
August -10 September 2004 . An 850-hPa low-pass
filtered wind field averaged over this period is also
plotted to show the locations of the monsoon trough and
the subtropical high. Five TCs formed in the monsoon
trough and generally took a northwestward track within
the MT. During their late lifetime, Typhoon Aere
moved southwestward and others recurved northward
along the west boundary of the subtropical high.
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The evolution of the monsoon trough during 11
August-10 September 2004 can be seen in Fig.2a, in
which the eastward extension (westward withdrawal)
of the monsoon trough can be seen by the zero
contour of the low-frequency 850-hPa zonal wind
averaged over 3-15°N. Since 11 August the monsoon
trough persistently extended eastward and reached its
easternmost position around 170°E on 26 August, and
then it retreated westward. Four of the TC genesis
events occurred during the eastward extension of the
monsoon trough, and one took place during the
westward withdrawal. Typhoons Megi and Aere formed
within the westerly region while the other three TCs
formed near the shear line between the westerly wind
and easterly wind.

The synoptic-scale 850-hPa wind fields associated
with the five TC genesis events are shown in Fig.3. The
synoptic-scale disturbances can be identified as cyclonic
circulation of northwestward-propagating wave trains
during the genesis of the five TCs. A tropical
depression was named Megi at 1800 UTC on 13 August
2004 (Fig.3a), and it was upgraded to a tropical storm
at 0600 UTC on 16 August. As the wave train moved
northwestward along the monsoon trough line, tropical
depression Chaba was first observed at 0600 UTC 18
August and developed into a tropical storm at 0600
UTC 19 August. Unlike the other four TCs, Chaba
formed to the north of the anticyclonic circulation of the
wave train (Fig.3b).

Tropical depression Aere was first detected at 0000
UTC on 19 August (Fig.3b) and reached the tropical
storm strength at 0000 UTC on 20 August. Tropical
depression Songda formed at 0000 UTC on 27 August
2004 (Fig.3c) and it became a tropical storm at 1800
UTC on 27 August. The genesis of Songda occurred
when the monsoon trough reached its easternmost
location during the period (Fig.2). When the wave train
propagated northwestward in the monsoon trough,

another new cyclonic disturbance developed and the
genesis of Sarika occurred in the cyclonic circulation at
0600 UTC 4 September (Fig.3d). Except Chaba, as
shown in Fig.3, all of the other four tropical
cyclogenesis events occurred in the cyclonic circulation
of the wave train.

4 LOW-DEFORMATION VORTICITY AREAS

Following Tory et al.[11], the OW parameter is used
to quantify the low-deformation vorticity, which is
defined as follows (Okubo[44]; Weiss[45]; Rozoff et al.[46]),

Figure 1. The 31-day time mean 850 hPa 10-day low-pass
filtered winds (vector; m s-1) and relative vorticity (shaded;
10 -5 s -1) superimposed with the track of tropical cyclones.
Purple dots indicate the formation locations. Dates indicate the
tropical cyclones formation time.

Figure 2. Longitude-time diagram of (a) the 850 hPa 10-day
lowpass filtered zonal winds (shaded and contour; m s -1)
averaged 3°-15°N and (b) The MJO OLR anomalies (shaded;
W m-2) and the 850 hPa zonal wind (contour; m s-1) along 10 °N
superimposed with the longitudinal formation position of
tropical cyclones during 11 August to 10 September 2004. The
blue line indicates the low-frequency zero zonal wind.
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OW=ζ 2-(E2+F2)= 坠v
坠x - 坠u

坠y! "2- 坠u
坠x - 坠v

坠y! "2- 坠v
坠x + 坠u

坠y! "2

where ζ is relative vorticity and E and F are the
stretching deformation and shearing deformation,
respectively. When the pure deformation terms are
subtracted in relative vorticity, positive (negative) values
of the OW parameter indicate the dominance of the
rotation (deformation) in the flow.

Using a hypothetical tangential wind profile, Tory
et al. (2013) found that the maximum OW is not
located at the TC center [11]. We examined the spatial
OW distribution for the wind profiles in Carr and
Elsberry [47] and Mallen et al.[48]. Except the wind profile
used by Carr and Elsberry [47], which shows a radial
distribution of the OW parameter similar to that in Tory
et al.[11], all of the wind profiles in Mallen et al. (2005)
have the maximum OW at the TC center[48].

In order to further demonstrate the radial
distribution of the OW, we use the multiplatform TC
surface wind analysis (MTCSWA) product (Knaff et
al. [49]). The MTCSWA is produced through multiple
satellite wind data fusion algorithm by NOAA/NESDIS
( http : //www . ssd . noaa . gov/PS/TROP/mtcswa . html ) ,
covering global TCs at the sea surface (10 m) and
flight-level (700 hPa). The advantage of the TC wind
product is the relatively high horizontal resolution (0.1°
latitude by 0.1° longitude) at 6-hour intervals. Fig.4
shows an example of the radial distribution of the OW
parameter for observed TCs. The figure indicates that
the maximum OW occurred at the center of Haiyan
(2013) when it reached tropical depression, tropical
storm and typhoon strengths. The positive OW

disappears immediately outside of the radius of
maximum wind.

Figures 5 and 6 show the 850-hPa wind fields of
the tropical cyclogenesis precursors and the associated
OW fields for the TC genesis events of Megi and
Chaba. The area of the low-deformation vorticity or
positive OW associated with a genesis event is
identified by tracking the disturbances backward from
the genesis time since the TC center records are
available in the JTWC best track data. In these figures,
the time is indicated relative to the TC genesis time

Figure 3. The 850 hPa 2-10-day bandpass filtered synoptic-scale wind fields (vector; m s-1) and relative vorticity (shaded; 10-5 s-1)
at (a) 1800 UTC 13 August 2004, (b) 0000 UTC 19 August 2004, (c) 0000 UTC 27 August 2004, and (d) 0600 UTC 4 September
2004. The bold dashed lines indicate the monsoon trough lines.

Figure 4. Radial profiles of azimuthal mean tangential wind
(m s-1) and Okubo-Weiss parameter (10-6 s-2) at the center of
Haiyan (2013) when it reached tropical depression (green),
tropical storm (blue) and typhoon (red) strengths.
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(reaching the tropical depression strength) and the first
and last panels indicate the OW fields when the positive
OW area associated with the genesis is first detectable
and the system reached tropical storm intensity,
respectively. We can see that the positive OW is located
in the tropical disturbances generally within a radius of
about 500 km.

The positive OW area associated with the genesis
of Megi is first detectable 60 hours prior to the genesis
time (Fig.5a). Two maximum OW centers can be
identified with a dominant one close to the enhanced
southwest winds in the east side of the disturbance.
Since a concentrated OW area means the flow with
high rotation, the mesoscale circulations associated with

the two maximum OW centers may interact with each
other, but the interaction is hardly examined with the
relatively coarse horizontal and temporal resolutions of
the MERRA data. Although the positive OW area was
still within the tropical disturbance 24 hours later (Fig.
5b), it shifted northwestward with the synoptic system
and the rotation weakened as indicated by the decreased
OW. At the genesis time (Fig.5c), the two OW
maximum centers became a single one and the rotation
in the central area is remarkably enhanced. As the
disturbance continued to propagate northwestward, the
concentrated low-deformation vorticity area was limited
within a radius of about 300 km and the OW maximum
center is coincident with the TC center (Fig.5d).

Figure 5. The 850 hPa wind fields (vector; m s-1) and Okubo-Weiss parameter (shaded; 10-10 s-2) at (a) -60 h, (b) -36 h, (c) 0 h, and
(d) +60 h, with dots indicating the positive maximum OW center. The circles indicate the radius of 220 km away from the center.
The typhoon mark indicates the tropical disturbance center associated with which Typhoon Megi.

The other four genesis events are similar to the
genesis of Typhoon Megi in terms of the OW evolution.
The concentrated positive OW areas can be clearly
identified in the genesis events of Chaba, Aere, Songda

and Sarika and the low-deformation area can be traced
back 18-72 hours prior to the genesis time. Fig.6 shows
an example for Typhoon Chaba. The positive OW
increased during the TC genesis and was mainly
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confined to an area with a radius of about 400 km.
When the TCs intensified into a tropical storm, the OW
maximum center is nearly collocated with the TC
center. Figs.5 and 6 suggest that tropical cyclogenesis is

accompanied with the enhancement of low-deformation
vorticity in a limited area, mainly within a radius of
400-500 km, which is the favorable area for tropical
cyclogenesis.

Figure 6. Same as Fig.5, but for Chaba at (a) -18 h, (b) 0 h, (c) +12 h, and (d) +24 h.

Figure 7 shows the vertical profiles of the OW
parameter for the five tropical cyclogenesis events,
which were calculated with the low-frequency and
synoptic flows and averaged over the concentrated
positive OW areas. We can see two features in this
figure. First, the synoptic-scale OW is dominant
compared to the low-frequency one, indicating that the
low-deformation vorticity or high rotation in the
favorable area of tropical cyclogenesis results mainly
from the synoptic disturbance. Second, the
low-deformation vorticity associated with the synoptic
disturbance is located mainly in the low troposphere
with a maximum between 700 and 900 hPa even when
the concentrated positive OW area is initially detected

(dashed lines in Fig.7). This figure suggests that the
tropical cyclogenesis events were initially in the low
levels, in agreement with Tory et al. (2013).

The evolution of the 850 hPa relative vorticity, OW
and the two deformation terms indicates that the
increasing relative vorticity results mainly from the
rotational component while the two deformation terms
remain nearly unchanged during TC genesis (Fig.8). It
should be noted that the OW shows substantial
variations with time, which may be associated with
convective activity since the rotation in the marsupial
pouch intensifies through vorticity aggregation
associated with mesoscale convective systems
(Montgomery et al.[30]).
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Figure 7. Vertical profiles of the regional averages of the Okubo-Weiss parameter (10 -10 s -2) of the synoptic-scale (SYN) and
low-frequency (LF) flows within the circular central area of a 220-km radius from 1,000 hPa to 200 hPa.
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5 DISCUSSION

Since previous studies suggested that the Rossby
radius of deformation should be decreased to enable
convective heating to convert into storm-scale kinetic
energy (Schubert et al.[31]; Schubert and Hack[32]; Gill[50];
Ooyama [3]; Simpson et al. [33]), here we calculated the
Rossby radius of deformation in the high-rotation area.
In this study, the Rossby radius of deformation in the
lower troposphere is estimated as LR=NH/πη, where N,
H and η are the static stability, the depth of the system
and the absolute vorticity, respectively. As discussed in
the last section, the low-deformation areas in the
genesis events are confined mostly to the low-to-middle
troposphere. For this reason, absolute vorticity η is
averaged over the layer between 1,000 hPa and 500
hPa, and the depth of the system and the static stability

are estimated as H=RT/g and N= g
θ

dθ
dz姨 , where g

and R are the gravitational constant and the gas constant
for dry air, temperature T and the potential temperature
are averaged over the layer 500 and 1,000 hPa, and dθ

dz
is the difference of potential temperatures between 500
and 1,000 hPa.

Figure 9 shows the evolution of the Rossby
radius of deformation during the genesis processes.

The radi i gen erally decrease in the low-deformation
areas. The radius is generally about 600 -800 km at
the beginning of the genesis processes and reduced to
400 -600 km when the systems reached the tropical
depression strength. Since the Rossby radius of
deformation is still larger than the horizontal scale of
Mesoscale Convection Systems (MCSs, Gray[5]) or the
low-deformation area, it is suggested that convective
heating cannot be effectively converted into the kinentic
energy of the low-deformation directly in the
low-deformation area. That is, other processes should be
involved in the development of the circulation in the
low-deformation area. Our study shows that the
low-deformation vorticity results mainly from synoptic
disturbances, which provide a limited area for tropical
cyclogenesis. Previous studies have pointed out that
MCSs are always embedded in synoptic-scale
disturbances with a horizontal scale of about 250 km.
The MCS systems can establish an area of higher
relative vorticity. The mesoscale circulations that
interact with each other may be important for the
development of the circulation in the low-deformation
area, further reducing the Rossby radius of deformation,
but this part is hardly examined with the relatively
coarse horizontal and temporal resolutions of the
MERRA data. Thus, the development of the circulation
in the low-deformation area will be examined further by

Figure 8. The 850 hPa relative vorticity (10-10 s-2), Okubo-Weiss parameter (10-10 s-2) and the two deformation terms (10-10 s-2).
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conducting a series of numerical experiments with
higher horizontal resolution.

A few mechanisms were proposed for the
development of synoptic-scale wave trains, including
Rossby wave energy dispersion of a preexisting TC
(Holland [51]; Li et al. [52]; Li and Fu [53]; Li et al. [54]),
transition of mixed Rossby-gravity (MRG) waves to
off-equatorial tropical-depression-type (TD-type) waves
(Takayabu and Nitta [ 21 ] ; Liebmann and Hendon [ 55 ] ;
Dickinson and Molinari [ 56 ] ; Aiyyer and Molinari [ 57 ] ;
Chen and Huang [ 58 ] ) , scale contraction and energy
accumulation of equatorial waves (Tai and Ogura [59];
Holland [ 51 ] ; Kuo et al . [ 60 ] ; Sobel and Maloney [ 61 ] ;
Hartmann and Maloney [62]; Maloney and Hartmann[63];
Maloney and Dickinson [64]; Tam and Li [65]; Gall and
Frank [66]), and instability of summer mean flows in the
presence of a convection-frictional convergence (CFC)
feedback (Li[67]).

Idealized numerical studies have been conducted
on the influence of low-frequency background on the
development of TC precursor disturbances. Aiyyer and
Molinary examined the role of the idealized MJO flow
in the growth of off-equatorial disturbances that were
initiated by MRG waves in a shallow water model [57].
They found that the off-equatorial disturbance can
develop by obtaining kinetic energy from the MJO flow,
suggesting the importance of the MJO flow and MRG
waves for the development of off-equatorial
disturbances. To demonstrate the possible role of MRG
waves, the wavenumber-frequency spectrum analysis is
used to obtain the components of the MJO and
equatorial waves in the MERRA analysis data within
20° of the equator (Wheeler and Kiladis[68]).

Figure 9. Time series of the Rossby radius of deformation
calculated using 220 km by 220 km area-averaged data from
the MERRA data. The vertical line denotes the time for the
occurrence of tropical cyclogenesis.

Figure 10. The 850 hPa MRG wave wind fields (stream; m s-1) and relative vorticity (shaded; 10-6 s-1) at (a) 1800 UTC 13 August
2004, (b) 0000 UTC 19 August 2004, (c) 0000 UTC 27 August 2004, and (d) 0600 UTC 4 September 2004.
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Figure 2b shows the MJO component of zonal
wind and OLR along 10 °N. Compared to Fig.2a, the
eastward extension and westward withdrawal of the MT
are closely related to the active (westerly wind and
negative OLR anomalies) and inactive (easterly wind
and positive OLR anomalies) periods of the MJO.
During 11 - 28 August 2004, the westerly wind
associated with the MJO extended eastward. During this
period, the MT extended eastward and reached its
easternmost position on 28 August. The westward
withdrawal of the MT was coincident with the easterly
phase of the MJO. As part of the background field, the
MJO affects the monsoon trough and the monsoon
trough further affects the development of synoptic-scale
disturbances by other mechanism (e. g. kinetic energy
conversion mechanism). Except the genesis of Chaba,
we can also see that the tropical cyclogenesis was
closely associated with the counterclockwise circulation
of the MRG wave, which was centered at the equator
around 135°E and extended in the northeast (southeast)
direction in the Northern (Southern) Hemisphere at
1800 UTC 13 August (Fig.10a).

The features can also be seen in the genesis
processes of Aere, Songda and Sarika. As Megi
intensified and moved northwestward, the wave train
pattern became very clear. The genesis of Aere was
within the tropical disturbance at 0000 UTC 19 August,
and also coupled with the counterclockwise circulation
of the MRG wave (Fig.10b). The genesis of Songda
occurred when the MT reached its easternmost location
during the period (Fig.2). At 0000 UTC 27 August (Fig.
10c), the genesis location of Songda was within the
counterclockwise circulation of MRG wave. Another
new cyclonic disturbance developed near 160 °E at 0600
UTC 2 September, which was also coupled with the
counterclockwise circulation of the MRG wave (figure
not shown). As the disturbance moved westward, the
genesis of Sarika occurred in the cyclonic circulation,
but to the north of the counterclockwise circulation of
the MRG wave (Fig.10d). It is indicated that the genesis
events of Megi, Aere, Songda and Sarika occurred in
the cyclonic circulation of the
northwestward-propagating wave train, and the initial
development of these cyclonic circulations or
disturbances are well coupled with the counterclockwise
circulation of the MRG wave. It is worthwhile to note
that wind speeds of MRG waves are about 2 m/s and
thus the role of MRG waves in providing the
low-deformation vorticity areas is very limited.

6 SUMMARY

It has long been known that incipient tropical
cyclones (TCs) always occur in synoptic-scale
disturbances. Here the role of tropical cyclogenesis
precursors in establishing low-deformation vorticity
areas is examined through an analysis of tropical
cyclogenesis events that occurred during 11 August to

10 September 2004. In this study, the low-frequency
circulation obtained with a 10-day low-pass time filter
is treated as the background of synoptic-scale
disturbances and a band-pass time filter with a cut-off
period of 2 - 10 days is used to separate the
synoptic-scale component.

Our analysis of the five tropical cyclogenesis
events shows that synoptic-scale tropical cyclogenesis
precursors provide a region of low-deformation vorticity
that is measured with the positive OW parameter. The
OW concentrated areas are within the tropical
cyclogenesis precursors with a radius of about 400-500
km and can be found as early as 72 hours prior to the
formation of the tropical depression. When the TC
reached the tropical storm intensity, the concentrated
OW is confined to an area of 200-300 radius and the
storm centers are coincident with the centers of the
maximum OW. This study suggests that the tropical
cyclogenesis occurs in the low-deformation area and can
be identified 18 -72 hours prior to the formation of
tropical depressions. The results confirm recent studies
that low-deformation vorticity is important in TC
formation and that the pre-existent synoptic-scale
disturbances play an important role in establishing the
area of low-deformation vorticity (Tory et al.[11]).

As expected in previous studies (Schubert et al.[31];
Schubert and Hack[32]; Ooyama[3]; Simpson et al. 1997[33]),
our calculation indicates that the Rossby radius of
deformation is reduced as TC genesis precedes, but the
reduction does not sufficiently make the effective
conversion of convective heating into the kinetic energy
within the low-deformation area. It is suggested that
other processes should be involved in the development
of the circulation in the low-deformation area. In
particular, we find that the initial development of four
of these disturbances is coupled with the
counterclockwise circulation of the MRG wave, in
support of the role of MRG waves in tropical
cyclogenesis (Takayabu and Nitta [21]; Liebmann and
Hendon [55]; Dickinson and Molinari [56]; Aiyyer and
Molinari[57]; Chen and Huang[58]).
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