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We analyze the water circulation in the zone of the Vietnamese Current in the South
China Sea, which is the Western Boundary of the area. We use numerical modeling
and calculate the full flow equations in the spring of 1999, what is a transition period
from winter to summer. The main goal of the work is a comparative analysis of the
influence of various tropical cyclones of the South China Sea on the vertical structure
of the Vietnamese Current. We compare the trajectories of the tropical cyclones
located in the northern and southern parts of the sea influenced differently at the
circulation in the basin. We demonstrate that the tropical cyclones in the southern
(northern) parts of the China Sea intensify significantly the Vietnamese Current. This
causes the summer type of water transport from south to north named the summer
regime of the Vietnamese Current while the other part of the area remains under the
influence of the winter regime of water transport with the current propagating from
north to south. KEYWORDS: South China Sea; Vietnamese Current (Western boundary);

atmospheric processes; water circulation; cyclone; anticyclone; hydrodynamic structures;

numerical modeling.
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Introduction

The article continues the original studies to re-
veal the influence of regional atmospheric circula-
tion on hydrodynamic processes in the western part
of the South China Sea where the Vietnamese Cur-
rent dominates (Figure 1). A first researcher who
discovered the connection of the water circulation
in the region with cyclones was Wirtki [Wyrtki,
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1961]. He established the existence of a strong
coastal jet, propagating along the Vietnam coast-
line, called the Vietnamese Current. The main fea-
ture of the Vietnamese Current is a change in its
direction under the influence of the monsoon (see
Figure 1).

The authors of this study carried out a series
of similar researches to find out how the hydro-
dynamic regime of the coastal waters of the Viet-
namese Current is influenced with the conditions
of the only monsoon as the dominant factor in
the absence of tropical cyclones [Vlasova et al.,
2011, 2012, 2013a, 2018]. Besides, they provided an
analysis of the restructuring of the hydrodynamic
regime under the influence of tropical cyclones lo-
cated in the southern part of the South China Sea
as well as the north part [Vlasova et al., 2013b,
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Figure 1. Large dark blue arrow indicates the Vietnamese Current in the South China
Sea, small blue arrows indicate the Wyrtki current [Wyrtki, 1961].

2016a]. The authors also derived a comparative
analysis of the effect on the hydrodynamic situa-
tion of monsoons and tropical cyclones located in
the south of the South China Sea [Vlasova et al.,
2016b].
This article is devoted to a comparative analysis

of the influence of tropical cyclones located in the
northern or southern parts of the South China Sea
on changes in the hydrodynamic regime and water
structure in the coastal region of Vietnam.
The general state of the environment of the South

China Sea and its continental and island surround-
ings substantially depends on regional synoptic pro-
cesses (seasonal monsoons, trade-winds, tropical
cyclones). They also affect the intensity of the
hydrodynamic processes, restructuring of the Sea
currents and their spatial and temporal variability.
Due to the influence of monsoons, in the con-

ditions surrounding the mountainous terrain, the
spatial-temporal structure of the currents has its
characteristics. A vivid example of this is the Viet-
namese current [Dang, 1974; Liu et al., 2008; Mori-
moto et al., 2000; Siripong, 1985; Tang et al., 2004;
Qu, 2000; Vlasova et al., 2010; Wyrtki, 1961; and
et al.] (see Figure 1). In winter, under the influence
of the northeastern monsoon, it is directed from

north to south, as a result of which a cyclonic wa-
ter circulation forms. In summer, with the south-
western monsoon, this current is directed in the
opposite direction forming an anticyclonic circula-
tion of water along the eastern coast of Vietnam.
The indicated hydrodynamics changes significantly
if a tropical cyclone occurs above the South China
Sea.
It is known that tropical cyclones originate in

the western sector of the Pacific Ocean (Figure 2)
and partly in the South China Sea (Figure 3) [Do-
bryshman, 1980; Kuzin, 1999; Mamedov, 1974;
Polyakova, 2011; Zhao et al., 2008; and et al.].
A significant number of cyclones that form in

the Pacific Ocean comes into the South China Sea.
Together with similar local processes, they lead to
changes in the hydrodynamics of the region un-
der consideration. Moreover, moving to the north
and northeast tropical cyclones significantly affect
the weather and climate of all East Asia including
the Russian Far East [Barabashkina and Leskova,
1968; Domysheva, 2019; Kuznetsov, 1997; and et
al.]. The hydrodynamics of the northwestern part
of the Pacific Ocean and its marginal seas are also
affected by these extreme synoptic processes. It
defines the need for the study of hydrodynamic

2 of 8



ES5001 vlasova et al.: comparative influence analysis ES5001

Figure 2. The trajectories of tropical cyclones over the northwest Pacific for the period
1980–2005 (author: Nilfanion – Created using WikiProject Tropical cyclones/Tracks.
The background image is from NASA (https://en.wikipedia.org/wiki/NASA). The track-
ing data is from the Joint Typhoon Warning Center’s best track database, public domain,
(https://commons.wikimedia.org/w/index.php?curid=1724639).

and synoptic processes of the South China Sea as
a trans-regional scale phenomenon.
The influence of a tropical cyclone on the hydro-

dynamics of the South China Sea is different if its
center is located above the northern or southern
part of this sea. This phenomenon has become the
subject of our research.
The purpose of this article is to study changes

in the vertical structure of the Vietnamese Cur-
rent under the influence of a tropical cyclone lo-
cated in the northern and southern parts of the
South China Sea. This study is based on numeri-
cal modeling. As the estimated season, spring 1999
was used. During this period, the Southeast Asian
and Japanese Fisheries Association carried out an
expedition in the area with the participation of

Vietnamese scientists (SEAFDEC, Cruise No. 57-
3/99). The results of this expedition were provided
to us by Vietnamese co-authors and used in the
modeling process. Spring is selected as the tran-
sition period from winter to summer. The study
area is limited by coordinates: 11–16∘N and 108–
112∘30′ E.

Data and Methods

To solve these problems, a known quasigeostro-
phic model of water circulation was used [Felsen-
baum, 1970; Shapiro, 1965; Vasiliev, 2001; and et
al.]. This model has been repeatedly described in
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Figure 3. The trajectory of the tropical LEO cyclone originating over the
water area of the South China Sea (a, http://www.jma.go.jp/jma/jma-eng/jma-
center/rsmc-hp-pub-eg/bstve 1999 m.html, ID = 9902) and reaching its northern part
(b, https://coast.noaa.gov/hurricanes/ in April 1999.

monographs and articles [Polyakova et al., 2002;
Vasiliev et al., 2011; Vlasova et al., 2008, 2016a,
2016b; and et al.], so here we are limited to its
main characteristics.
The model allows calculating the integral circu-

lation of water in the form of a field of total flows
(𝑆𝑥 = −𝜕𝜓/𝜕𝑦, 𝑆𝑦 = 𝜕𝜓/𝜕𝑥) by the tangential
wind stress (𝑇 ) and the density of water (𝜌0) on
the sea surface. The calculation of the currents
structure and the density of water masses for given
parameters 𝑇 and 𝜌0 leads to the solution of the
equation for the integral current function 𝜓(𝑥, 𝑦)
using the minimal discrepancy method. The func-
tion 𝜓 applied on solid boundaries of the water
area (coastline), and its normal derivative applied
on the liquid boundary.
The model takes into account the vertical distri-

bution of water density, bottom relief, coast orog-
raphy and the state of the atmosphere over the
studied area. Water consumption was determined
based on of the calculation of the total flows normal
to the liquid boundaries of the studied area.
Within the framework of this model, the inte-

gral functions of the current for the surface layer,
layer from 0–200 m and entire water column were
calculated.
To take into account atmospheric processes over

the South China Sea, their classification was used,
which was presented in [Polyakova, 2011]. Two
types of atmospheric circulation were used in our
work, when tropical cyclones are located in the
northern and southern parts of the South China
Sea (Figure 4).
The following initial information was used for

modeling:

∙ the contour of the coastline, taken from a hy-
drographic map and close to its real form;

∙ values of bottom depths ETOPO-5
(https:// www.ngdc.noaa.gov/mgg/global/eto
po5.HTML);

∙ values of temperature and salinity on the sea
surface for the period of 21.04–05.06.1999, ac-
cording to the expedition of the Fishing Asso-
ciation of Southeast Asia and Japan (SEAFD-
EC, Cruise No. 57-3/99);
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Figure 4. Southern (a) and northern (b) tropical atmospheric cyclones over the South
China Sea (data of Polyakova [Polyakova, 2011] was used to build Figure 4).

∙ values of atmospheric pressure according to
the daily synoptic maps of surface atmospheric
pressure fields of the Japan Meteorological
Agency for the period 2000–2008.

The adhesion conditions were adopted for the
bottom (the flow velocity at the bottom is zero).
The uniform grid 30′×30′ was used for calculations
under the data provided by Vietnamese co-authors.
Based on the calculation results, water circula-

tion maps were constructed for the surface, layer
0–200 m and the entire water column (from the
surface to the bottom).

Results and Discussion

Under previous studies, April is a transitional pe-
riod when currents caused by the winter monsoon
persist in the area under consideration, and the
winter regime of water dynamics continues. How-
ever, the power of the northern stream of water
is gradually weakening. In May, south, south-
west winds prevail almost over the entire water
area. Since that time, the summer regime of hydro-
dynamics begins [Nguyen, 1990; Uda and Nakao,
1973; Wyrtki, 1961; Yuan et al., 2007; and et al.].

However, our calculations showed that in this
period another hydrodynamic situation should be
observed here, which differs from that described
above. First, the Vietnamese Current, regardless of
atmospheric circulation conditions, does not exist
in the form of a single and inextricable flow of wa-
ter masses. Instead, several hydrodynamic cycles
are formed: cyclonic and anticyclonic (Figure 5).
Under the influence of the atmospheric tropical

cyclone located in the south of the South China
Sea, two anticyclonic water cycles are formed on
the sea surface separated by a cyclonic cycle. One
powerful anticyclonic cycle formed in the north of
the study area, the second, much less powerful cy-
cle, is located in the south. The northern anticy-
clonic cycle collapses with depth. At a depth of 200
meters, it is converted into a vortex which disap-
pears hereinafter. The southern anticyclonic cycle,
on the contrary, persists in the entire water col-
umn, from the surface to the bottom. The cyclonic
cycle expands with depth (see Figure 5a, b, c).
If the atmospheric tropical cyclone is located in

the northern half of the South China Sea, two
hydrodynamic structures are formed here: power-
ful anticyclonic and deep cyclonic cycles (see Fig-
ure 5d, e, f). These structures extend to the entire
water column, from the surface layer to the bot-
tom. Moreover, the anticyclonic cycle at all hori-
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Figure 5. Water circulation under the influence of the southern atmospheric tropical
cyclone (a, b, c), and the northern atmospheric tropical cyclone (d, e, f) in the South
China Sea for the period 04.21–06.05.1999. a, d – surface layer, 𝜓 = 1× 107 cm3/s; b, e
– layer 0–200 m, 𝜓 = 1 × 1011 cm3/s; c, f – from the surface to the bottom (full flow),
𝜓 = 1 Sv = 1 × 106 m3/s = 1 × 1012 cm3/s, 𝜓 – current function; 𝐿 – cyclone; 𝐻 –
anticyclone.

zons does not lose its shape. In the southern part of
the region, against the general background of weak
cyclonic water circulation, only a small anticyclonic
vortex is modeled, which can be traced only in the
upper layers (see Figure 5d, e). The cyclonic cy-
cle expands with depth and changes its shape. As
can be seen, in this location of the atmospheric cy-
clone, the formation of hydrodynamic structures in
the studied area occurs with the same regularity as
in the first case, when the atmospheric cyclone was
located in the south of the South China Sea.
Thus, depending on the location of tropical cy-

clones in the south or the north of the study area,
hydrodynamic processes are also intensified in the
south or the north, as a result of which a sum-
mer regime of water transfer (from south to north)
is established here. In the rest of the study area,
the winter regime of water transfer (from north to
south) remains.
In our opinion, this comparison showed that dif-

ferent spatial positions of atmospheric tropical cy-
clones cause the formation of different hydrody-
namic structures in the study area. Moreover, the
activity of hydrodynamic rearrangements in its dif-
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ferent parts depends on the distance from the ac-
tive tropical cyclone.

Conclusion

The comparative analysis described above led to
the following conclusions:

1. in all the atmospheric and hydrodynamic pro-
cesses considered by us, the Vietnamese Cur-
rent, as a single and unbroken stream of wa-
ter masses, does not exist. Instead, several
hydrodynamic cycles are formed here;

2. within the study area revealed the spatial
dependence of the intensification and recon-
struction of hydrodynamic processes on the
distance from the active tropical cyclone. The
closer the tropical cyclone is to the study area,
the more powerful the anticyclonic structures
of the nearest district of the water area: the
processes of upwelling and active mixing of
water begins;

3. the direction of transfer of water masses (sum-
mer or winter regimes) in the zone of coastal
water circulation depends on the position of
tropical cyclones over the water area of the
South China Sea: if the tropical cyclone is lo-
cated above the southern (northern) part of
the South China Sea, then the summer water
regime is established in the southern (north-
ern) part of the studied water area.
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