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Remote effect of a tropical cyclone in the Bay of Bengal
on a heavy-rainfall event in subtropical East Asia
Sho Arakane 1, Huang-Hsiung Hsu 1, Chia-Ying Tu 1, Hsin-Chien Liang 1, Zheng-Yu Yan 1 and Shian-Jiann Lin2

Torrential frontal rainfall occurred over Northern Taiwan on June 2, 2017. Prior to this rainfall, tropical cyclone (TC) Mora formed in
the Bay of Bengal. This study investigated the triggering effect of TC Mora on the heavy-rainfall system through numerical
experiments. The numerical experiments, in which TC Mora was included or excluded in the initial conditions, revealed that TC
Mora strengthened the southwesterly winds, which effectively transported tropical warm moist air toward Taiwan, and the cool dry
northerly winds to the north of Taiwan. The strengthened southeasterly and northerly winds created a strong frontal system near
Taiwan. TC Mora contributed to the heavy frontal rainfall by enhancing tropical–extratropical interaction and vertical coupling in
East Asia.

npj Climate and Atmospheric Science            (2019) 2:25 ; https://doi.org/10.1038/s41612-019-0082-8

INTRODUCTION
Taiwan, an island off the east coast of Asia, receives a large
amount of precipitation (climatological annual rainfall
2000–3000mm). Steep topography, the East Asian monsoonal
flow, fronts, and tropical cyclones (TCs) are the causes of rainfall in
Taiwan. Taiwan experiences five rainy seasons: winter, spring, Mei-
Yu, typhoon, and fall.1 The Mei-Yu season (May–June) in Taiwan,
the focus of this study, is equivalent to the pre-flooding period in
China. Mesoscale convective systems (MCSs) embedded in the
Mei-Yu front are the major source of rainfall in the Mei-Yu
season.2,3 The Mei-Yu front generally possesses a large gradient of
equivalent potential temperature, which is associated with a
convergence of cool dry air from the north and warm moist air
from the southwest.1,4 In Northern Taiwan, extreme heavy-rainfall
events of as much as 600mm of daily rain often occur, when a
MCS is supported by a strong low-level jet forming in the northern
South China Sea (SCS).5–7 The low-level jet over SCS that
transports warm moist air toward Taiwan effectively is named as
the marine boundary layer jet (MBLJ) in a recent study.8

On June 2, 2017, torrential rainfall occurred in Northern Taiwan
and continued throughout the next day. The Central Weather
Bureau in Taiwan reported that during the event, 2- and 12-h
rainfall amounts in Northern Taiwan exceed 120 and 600mm,
respectively. This heavy rainfall induced flooding and landslides.
Two people were killed, and three people were reported missing
during this incident. The CWB reported that a Mei-Yu front
associated with southwesterly winds induced the heavy-rainfall
event. The observed heavy rainfall (exceeding 600mm in 12 h) in
this event was record breaking for the events associated with a
Mei-Yu front during recent 26 years.9

Prior to the heavy rainfall, TC Mora formed in the Bay of Bengal
(BOB) on May 28, 2017 and dissipated on May 31, 2017. Himawari-
8 satellite images demonstrated the deep convection of TC Mora
and the upper-level thin cloud accompanying the outflow to the
north of TC Mora on May 30, 2017 (see Supplementary Movie 1).
TC Mora dissipated at 0000 UTC on May 31, 2017, but the thin

cloud remained in the region to the northeast of the BOB. In the
next few days, the thin cloud moved east over the East China Sea,
and a frontal system was observed to the northwest of Taiwan.
The frontal system shifted southeastward toward Taiwan on June
2, 2017 and induced heavy rainfall on the island (details of
southeastward movement of the frontal system will be discussed
later). In addition, the southwesterly winds prevailing from the
BOB to the northern SCS were enhanced following TC Mora. In
view of the association of the aforementioned upper tropospheric
perturbation and low-level southwesterly winds with TC Mora, the
frontal development was hypothesized to be associated with TC
Mora. A systematic study was required to investigate whether and
how TC Mora contributed to the heavy rainfall.
Did TC Mora help trigger or enhance the heavy rainfall? To

answer this question, we assessed the effect of TC Mora on the
heavy rainfall by conducting two sets of hindcast experiments,
one with TC Mora included in the initial condition and one with TC
Mora artificially removed from the initial condition. We will
present the detailed descriptions of the numerical model,
observational data, and analysis method used in this study in
the “Methods” section.

RESULTS
Observation
Figure 1 shows the satellite-based rainfall with low-level horizontal
wind and a wind shift line (WSL). Following the previous study,10

the WSL was defined as a boundary where the horizontal wind
direction is abruptly changed. Because it was difficult to detect the
leading edge of the “frontal zone” using thermal variables in this
case, we used the WSL to show the approximate location of air
masses’ boundary (i.e., the leading edge of a baroclinic zone) near
Taiwan. The WSL was located in Eastern China at 0000 UTC on
June 1, 2017 (Fig. 1c) and moving southeastward. Accompanied
with the movement of the WSL, the well-organized frontal rainfall
system shifted to the southeast with time. As shown in Fig. 1, the
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heavy rainfall over Northern Taiwan started between 1200 UTC on
June 1 and 0000 UTC on June 2, 2017.
Next, we analyzed the synopsis of the heavy-rainfall system

after the onset of heavy rainfall over Northern Taiwan (at 1800
UTC on June 1, 2017). The upper-level northerly wind component
and subsidence were observed to the north of Taiwan (~40° N,
125° E) along the western periphery of an upper trough (Fig. 2a).
Furthermore, the subsiding northerly winds were observed to the
north of the WSL in the cross section along 121° E (Fig. 2f). Thus,
the low-level northerly winds situated to the north of Taiwan
shown in Fig. 1, were vertically linked with the upper-level system.
On the other hand, the low-level southwesterly winds toward
Taiwan transported moisture-laden air to Taiwan. As a result, the
low-level southwesterly and northerly winds created a large
moisture flux convergence near Taiwan (Fig. 2b). The vertical cross
section from 25° N, 117.5° E to 20° N, and 120° E shown in Fig. 2c
reveals that the strong low-level southwesterly winds (i.e., a MBLJ)
were confined below 850 hPa as in many case studies of the Mei-
Yu fronts. Compared with a climatology of MBLJ using the
National Centers for Environmental Prediction (NCEP) Climate
Forecast System Reanalysis (CFSR) data from 2008 to 2012 during
May–June with 6-hourly 0.5° latitude–longitude grids,8 the
maximum speed of MBLJ in this case is 50% larger than its 5-
year climatology (19 vs. 12.5 m s−1). Note that the horizontal
resolution of JRA-55 used here is coarser than CFSR data (1.25° vs.
0.5°). A higher-resolution data might yield an even stronger MBLJ.
Finally, we investigated the frontal development induced by the

horizontal confluent flow. Along the WSL, both the divergence
and deformation terms of the frontogenetical function (Fdiv and
Fdef, respectively), which were the dominant terms in the budget
equation, were positive at low level (Fig. 2d, e). This means that
low-level convergence and deformation induced by the northerly
winds to the north of Taiwan and the MBLJ to the southwest of
Taiwan positively contributed to the frontal development. The
north–south vertical cross section of Fdef also shows the positive
contribution of deformation term to the frontal development in
the south of the WSL that tilted northward with height (Fig. 2f). A
noteworthy feature is the distinguished upward motion over the

positive Fdef near the surface where large precipitation occurred
near the front.

Numerical experiments
In this subsection, we reveal the contribution of TC Mora to the
frontal rainfall system by contrasting the control experiment and
sensitivity experiment in which TC Mora is removed (for more
details, see the “Methods” section) using the fvGFS. The simulated
3-h accumulated precipitation is shown in Fig. 3. In the control
experiment, although the 13-km spatial resolution used for the
experiments was not sufficiently high to resolve the steep
topography in Taiwan, the characteristics of the heavy-rainfall
system over Northern Taiwan were realistically reproduced: a well-
organized rainfall system with an amount comparable with that
observed (Fig. 3a–c). Furthermore, as revealed in the JRA-55, the
rainfall system shifted to the southeast along with the south-
eastward movement of the simulated WSL (black-colored solid
lines). By contrast, the rainfall system simulated in the sensitivity
experiment was less organized with smaller amount of rainfall (Fig.
3d, e). A heavy rainfall over Northern Taiwan was simulated after
12 h, but the west–east elongated rainband structure, which was
well simulated in the control experiment, was not as well
organized (Figs 2f and 3c, f). Moreover, the WSL in the sensitivity
experiment always stayed to the north of the one simulated in the
control experiment (red-colored solid lines). This suggests that the
boundary of air masses to the north of Taiwan shifted further
southward because of the further equatorward penetration of
northerly winds under the influence of TC Mora.
The existence of TC Mora modulated other dynamic fields over

East Asia as well. Figure 4a, b shows the simulated upper-level
fields. As revealed in the JRA-55, subsiding northerly winds
component along the western periphery of upper trough to the
north of Taiwan was well simulated in the control experiment (Fig.
4a). By contrast, the location and strength of upper trough and
vertical motion simulated in the sensitivity experiment were much
less realistic (Fig. 4b). This can be seen clearly in the differences
between two experiments. As shown in Fig. 4c, a wave-like pattern
was seen centered around the Korean Peninsula in the difference

Fig. 1 Three-hourly accumulated rainfall [mm (3 h)−1] obtained from the GSMaP_MVK. The start time for the 3-hourly rainfall accumulation is
a 0000 UTC, b 1200 UTC on May 31, c 0000 UTC, d 1200 UTC on June 1, e 0000 UTC, and f 1200 UTC on June 2, 2017. Vectors represent 850-hPa
horizontal wind and the solid lines show the wind shift lines obtained from the JRA-55 at the start time for precipitation accumulation
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between the control and sensitivity experiments. This difference
reflected the better skill of the control experiment in hindcasting
the extratropical perturbation crossing East China, Korea, and
Japan that helped set up an environment favorable for the
development of the frontal system. As a result, the enhancement
of northerly winds and subsidence over the Yellow Sea (~35° N,
123° E) were more realistically simulated in the control experi-
ment. This means that the existence of TC Mora enhanced the
subsiding northerly winds to the north of Taiwan by modulating
the upper-level circulation. Note that this subsiding northerly
winds prevailed through the entire troposphere as seen in Fig. 2f.
Therefore, the existence of the upper trough played an important
role in inducing the northerly winds. This effect was much better
hindcast in the control experiment. To confirm how TC Mora
modulated the upper-level circulation, we investigated temporal
evolution of differences in the upper-level streamfunction and

wave activity flux (WAF)11 between the control and sensitivity
experiments. The streamfunction differences clearly indicated the
development of a wave-like structure emanating northeastward
from the tip of the BOB, as indicated by the WAF similar to the
Rossby wave dispersion triggered by a heat source (Fig. 4d–f or
Supplementary Fig. 2 in a larger domain). This contrast between
two experiments suggests that TC Mora modulated the upper-
level structure over East Asia through the processes of north-
eastward wave energy propagation, and the modulated upper-
level field enhanced the northerly winds and subsidence to the
north of Taiwan and the associated frontogenesis.
In addition to enhancing the upper-level fields, TC Mora

modulated the low-level fields around Taiwan to favor the
development of the frontal system. The observed low-level
southwesterly winds toward Taiwan, large moisture flux conver-
gence, and MBLJ were reproduced in both experiments

Fig. 2 Synopsis of the heavy rainfall obtained from the JRA-55 at 1800 UTC on June 1, 2017. a Daily-averaged vertical pressure velocity (color,
Pa s−1) and daily-averaged geopotential height (contour, gpm) at 300 hPa. b Daily-averaged moisture (specific humidity) flux convergence
(color, s−1) and daily-averaged horizontal wind (vector, m s−1) at 925 hPa. c Vertical cross section of daily-averaged horizontal wind component
perpendicular to the section (color and contour, contour interval is 1 m s−1). Location of the cross section is indicated as the purple-colored
solid line in b. d Daily-averaged divergent term in the frontogenetical function equation [color, K (100 km)−1 day −1] at 850 hPa. The solid line
represents the wind shift line at 850 hPa. e Same as d but for the deformation term. f Vertical cross section of daily-averaged the deformation
term in the frontogenetical function equation [color, K (100 km)−1 day−1] and daily-averaged transverse circulation (vector, m s−1) along 121° E
(the plotted data are zonally averaged between 119° and 123° E). The solid line represents the wind shift line
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(Fig. 4g–k). However, Fig. 4j–l shows that the MBLJ in the control
experiment was notably stronger and wider than in the sensitivity
experiment (e.g., the maximum speed of MBLJs were ~19.8 m s−1

and 17.7 m s−1), especially in the area closer to Taiwan (i.e., 119°
E–120° E). The moisture flux convergence around Taiwan was
therefore much stronger in the control experiment (Fig. 4i). It
follows that the existence of TC Mora enhanced the MBLJ, which
transported large amount of low-level moisture toward Taiwan,
and created a considerably favorable condition for the heavy
rainfall in Northern Taiwan.
Although TC Mora changed the location of the front through

modulating the dynamic field over East Asia, how TC Mora
contributed to the frontal intensity needed to be evaluated. The
low-level positive contributions by Fdiv and Fdef on the frontal
development near Taiwan were well reproduced in the control
experiment as in the JRA-55 analysis (Fig. 5a, c). Larger positive
contribution near Northern Taiwan (~25° N, 121° E) was simulated
in the control experiment, consistent with the better-positioned
WSL, as reflected in the differences between experiments shown
in Fig. 5b, d. Moreover, the north–south vertical cross section of
Fdef also shows a result more consistent with the JRA-55 analysis
(Fig. 5e, g): larger positive contribution for the frontal develop-
ment along the WSL, stronger northerly winds originated in upper
level to the north of WSL, stronger southerly winds of tropical
origin to the south of WSL, and stronger upward motion over the
WSL (Fig. 5f, h). Notably, Fig. 5f shows that the MBLJ and
the subsiding northerly winds toward Taiwan were enhanced in
the control experiment. Furthermore, although the positions of air
masses’ boundaries at middle level in the both experiments were
almost identical at 1800 UTC on June 1, 2017, the position notably
became different 6 h later (Fig. 5g, h). Both WSLs had tilted
structures from low level to middle level; however, the stronger
northerly winds in the control experiment nudged the WSL further
south. This implies that the enhancement of the dry northerly and
moist southerly winds induced by TC Mora did have large impact
on the frontal system. As a result, the enhanced confluence
induced by TC Mora not only shifted the location of baroclinic

zone but also created the stronger baroclinicity and moisture
convergence near Taiwan.

DISCUSSION
This study demonstrated how TC Mora in the BOB led to the
torrential rainfall event over Northern Taiwan on June 2, 2017. This
event resulted from the modification of upper-level large-scale
and low-level synoptic-scale circulation (namely, the Mei-Yu front).
The fvGFS that realistically simulated the torrential rainfall event
starting 4 days in advance was used to conduct two hindcast
experiments: a control experiment with TC Mora embedded in the
initial condition and a sensitivity experiment initialized with TC
Mora removed. By analyzing the contrasting results of the two
experiments, we identified the physical processes induced by TC
Mora that led to the torrential rainfall event. The mechanisms are
described as follows:

(1) TC Mora remotely and extensively affected circulation over
East Asia.

(2) The effect on circulation enhanced the southwesterly winds
over the SCS to the southwest of Taiwan and the northerly
winds to the north of Taiwan.

(3) The strengthened and widened MBLJ over the SCS
transported moisture-laden air toward Taiwan and
enhanced low-level moisture convergence near Taiwan.

(4) The strong northerly winds moved cooler air mass farther
southward in the north of Taiwan and promoted the
enhancement of low-level convergence.

(5) The stronger confluent zone induced by the strengthening
of the warm moist southerly and cool dry northerly winds
resulted in a strong baroclinic zone (front), which shifted
further southward toward northern Taiwan through the
deformation and divergence processes.

(6) The enhanced low-level moisture convergence and frontal
system generated heavy rainfall over Northern Taiwan.

One may suspect that the event reported here is similar to a
predecessor rain event (PRE). In a PRE, low-level moisture-rich

Fig. 3 (Top) Three-hourly accumulated rainfall [mm (3 h)−1] obtained from the control experiment. The start time for the 3-hourly rainfall
accumulation is a 1200 UTC on June 1, b 0000 UTC, and c 1200 UTC on June 2, 2017. (Bottom) The same as the top panel but for the results in
the sensitivity experiment. The black- and red-colored solid lines show the wind shift lines in the control and sensitivity experiments,
respectively
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tropical air is transported by a TC’s outer (synoptic-scale)
circulation to a frontal zone located in the north and triggers
heavy rainfall in the frontal zone.12 At the first look, the June 2,
2017 event seemingly exhibited some similarities. However,

different characteristics were observed in this event. First, the
distances between the TC and frontal zone in PREs are
410–1700 km,12 whereas the distance between TC Mora in the
BOB and the frontal zone to the north of Taiwan in the western

Fig. 4 a, b Daily-averaged 300-hPa vertical pressure velocity (color, Pa s−1) and daily-averaged geopotential height (contour, gpm) at 1800 UTC
on June 1, 2017 in the a control and b sensitivity experiments. c Same as a but for the difference between the control and sensitivity
experiments (contour interval is 10 gpm). Daily-averaged 300-hPa horizontal wind difference is also shown (the wind vector is omitted where
its magnitude is smaller than 5m s−1). d Difference of streamfunction between the control and sensitivity experiments (color, m2 s−1) and
difference of the wave activity fluxes between the control and sensitivity experiments (vector: the vector is omitted where its magnitude is
smaller than 2m2 s−2) at 300 hPa at 1200 UTC on May 30, 2017. e, f Same as d but on May 31 and June 1, respectively. g, h Daily-averaged 925-
hPa moisture (specific humidity) flux convergence (color, s−1) and daily-averaged horizontal wind (vector, m s−1) at 1800 UTC on June 1, 2017
in the g control and h sensitivity experiments. i Same as g but for the difference between the control and sensitivity experiments. j, k Vertical
cross section of daily-averaged horizontal wind component perpendicular to the section (color and contour, contour interval is 1 m s−1) in the
j control and k sensitivity experiments. Location of the cross section is indicated as the purple-colored solid line in g. l Same as j but for the
difference between the control and sensitivity experiments
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North Pacific was ~3500 km. Thus, the direct contribution of TC
outflow to the heavy rain event was extremely low. Remarkably,
numerical experiments reveal that TC Mora modified the evolution
of the large-scale monsoon circulation and frontal systems, for
example, by enhancing the overall low-level cyclonic circulation
and emanating a wave-like structure that modified the upper-level
circulation over East Asia. The former increased the moisture
transport from the SCS, and the latter induced strong cyclonic
circulation in the north along with the southward penetration of
cool dry air. These modifications suggest that TC Mora remotely
enhanced the vertical coupling and the tropical–extratropical
interaction in East Asia and led to the extreme heavy rainfall event
in Northern Taiwan on June 2, 2017. In addition, the quantitatively
similar contribution by TC Mora on the heavy rainfall was
identified in all ensemble simulations and ensemble means
(Supplementary Figs 2–7). The consistent result strongly supports

our finding about the remote impact of TC Mora in the BOB on a
frontal system and heavy rainfall event in subtropical East Asia.
To the best of our knowledge, this study is likely the first report

on such a remote impact of a TC on the frontal system in East Asia.
Our study suggests that a proper representation and forecast of
TC Mora, and its remote impact on a model, are necessary for well
forecasting the June 2 heavy-rainfall event, especially the timing
and location. This implies that a frontal development might not be
a pure local event and the consideration of potential effect of a
remote disturbance might be needed.
Finally, TC Mora’s intensity is weaker than the Category 1 TC in

the Saffir–Simpson scale, meaning that TC Mora was not a strong
TC. Interestingly, it is shown that a weak TC over the BOB such as
TC Mora can influence the weather in East Asia. This suggests that
the strength was likely not the major factor leading to the
observed impact, meaning that timing and favorable environment
provided by the large-scale circulation could be important. In

Fig. 5 a Daily-averaged 850-hPa divergent term in the frontogenetical function equation at 1800 UTC on June 1, 2017 [color, K (100 km)−1

day −1]. b Same as a but for the difference between the control and sensitivity experiments. c Same as a but for the deformation term. d Same
as c but for difference between the control and sensitivity experiments. e Vertical cross section of daily-averaged the deformation term in the
frontogenetical function equation [color, K (100 km)−1 day−1] and daily-averaged transverse circulation (vector, m s−1) along 121° E at 1800
UTC on June 1, 2017 (the plotted data are zonally averaged between 119 and 123° E). f Same as e but for difference between the control and
sensitivity experiments. g, h Same as e, f but at 0000 UTC on June 2, 2017. The black-colored and red-colored solid lines denote the wind shift
lines in the control and sensitivity experiments, respectively
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addition, whether the remote effect of a TC in the BOB on the
heavy rainfall in East Asia is a common process remains to be
seen. If not, under what circumstances this remote effect is more
likely to occur. A full survey is being planned to answer these
questions.

METHODS
Numerical simulation
We used the Geophysical Fluid Dynamics Laboratory (GFDL) finite-volume
dynamical core13–15 with the Global Forecast System (GFS) produced by
NCEP (fvGFS, a global numerical weather prediction model).16 As the
radiation scheme, we used the Rapid Radiative Transfer Model for general
circulation models.17 The cumulus parameterization was the simplified
Arakawa–Schubert scheme.18,19 The microphysics scheme applied in this
study was the six-class single-moment scheme developed by the
GFDL.20,21 We conducted the simulation with ~13-km horizontal resolution
globally and 64 vertical levels with a model top at ~0.3 hPa. Using the
NCEP-GFS analysis data, we initialized the experiment at 0000 UTC on May
29, 2017, and integrated for 7 days. Although the horizontal resolution of
the NCEP-GFS analysis data is coarser than of the fvGFS simulation, the
“initial shock” of convection in the simulation was suppressed within a day.
The experiment captured the mature phase and dissipation of TC Mora in
the BOB and the strong frontal rainfall system over Northern Taiwan. We
refer to this experiment as the control experiment.

Sensitivity experiment and ensemble members
To investigate the influence of TC Mora on the frontal rainfall over
Northern Taiwan, we conducted sensitivity experiments. Using the
potential vorticity inversion technique22 used in a previous study,23 TC
Mora was removed from the initial data used in the control experiment.
After the removal of TC Mora, all physical variables (i.e., horizontal and
vertical winds, temperature, geopotential height, and humidity) were
modified to achieve dynamic balance in the initial data (Supplementary
Fig. 1). To quantify the model uncertainty, we conducted the sensitivity
experiment with 11 ensemble members initialized with 99.9–100.1% (with
0.02% increment) of the TC Mora vortex removed. We also conducted
11 simulations in the control experiment initialized with 99.9–100.1% of
the TC Mora. However, we presented only one member’s result (100%
removal and retention) in the analysis discussion for both experiments
because the results of all ensemble members were quantitatively similar
(see Supplementary Figs 3 and 4).

Observational data
We used the brightness temperature retrieved from the Himawari-8
satellite data24 and the Global Satellite Mapping of Precipitation standard
product (GSMaP_MVK). Furthermore, we used the Japanese 55-year
reanalysis (JRA-55)25,26 provided by the Japan Meteorological Agency.
The JRA-55 used in this study was a 6-hourly 1.25° latitude–longitude
gridded data set. We used these observational data to show a synopsis of
the frontal rainfall and to validate the result of the control experiment.

Frontogenetical function budget analysis
We conducted frontogenetical function budget analysis27 to study the
development of the frontal system near Taiwan. The budget equation for
frontogenetical function is expressed as follows:

FG ¼ Fdiv þ Fdef þ Ftilt þ Fdiab; (1)

where FG is the frontogenetical function, Fdiv is the divergence term, Fdef is
the deformation term, Ftilt is the tilting term, and Fdiab is the diabatic term.

The terms are expressed in pressure coordinates as follows:

FG ¼ d
dt

∇hθej j; (2)

Fdiv ¼ � 1
2
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1
2

∂θe
∂x

� �2

� ∂θe
∂y

� �2
( )

D1 þ ∂θe
∂x

∂θe
∂y

D2

" #
; (4)

Ftilt ¼ � 1
∇hθej j
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∇hθe � ∇hω; (5)

Fdiab ¼ 1
∇hθej j∇hθe � ∇h

dθe
dt

� �
; (6)

where θe is the equivalent potential temperature, ∇h is the horizontal
differential operator, d/dt= ∂/∂t+ u∂/∂x+ v∂/∂y+ω∂/∂p is the total
derivative, u is the zonal wind, v is the meridional wind, and ω is the
pressure velocity; δ≡ ∂u/∂x+ ∂v/∂y is the divergence, D1≡ ∂u/∂x–∂v/∂y is
the stretching deformation, and D2≡ ∂v/∂x+ ∂u/∂y is the shearing
deformation. In this study, we applied the preceding budget calculation
to demonstrate that TC Mora enhanced the divergence and deformation
terms and thus considerably contributed to the formation of the front near
Northern Taiwan.
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