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ABSTRACT: There have been many investigations, studies and calculations of the dynamic
fields (including the sea current fields) in the Gulf of Tonkin (Vietnam), which are affected not only
by the fresh water from Red river but also by the western boundary current system in the East Sea
through the gulf mouth and Qiongzhou Strait (between Leizhou peninsula and Hainan island
(China). At present, economic activities are very active in both east coast and west coast, waters and
islands of the Gulf of Tonkin. Up to now, research results, calculations and simulations of the flow
system in the Gulf of Tonkin under the influence of the water exchange through straits, bay mouth,
river input and climate change are still very few and sparse. In this paper we tried to solve the three-
dimensional (3D) nonlinear model of currents during northeast and southwest monsoons in this
region using finite element method (FEM) with complementary conditions as described above. The
calculation results showed the main characteristics, the spatial and vertical variations of intensity
and direction of the current fields during typical monsoons in the Gulf of Tonkin. Our research
results show that: Inlet and outlet flows from the Gulf of Tonkin through the Qiongzhou Strait have
the potential to form an anti-counterclockwise flow region (cyclone gyre) at the top of the bay,
transporting material and affecting the quality of the sea water in this area; The flow into the bay
from the main south-east mouth of the bay is not only responsible for the formation of a strong
current on the eastern shore of the bay (west coast of Hainan Island) but also has an effect on the
whole system flows in the gulf and creates a regular southward nearshore flow to the west coast of
the gulf; The wind driven currents play an important role inside the Gulf of Tonkin and the density
currents (thermo-haline, regular currents) play an important role in and outside of the main mouth of
the gulf; Cyclone gyres have been formed in northeast monsoon and anticyclones have been formed
in southwest monsoon in the gulf.

Keywords: Tide, current, three-dimensional (3D) nonlinear model, cyclone gyre, anti-cyclone
gyre, Gulf of Tonkin.

INTRODUCTION

Gulf of Tonkin is a large bay in the East
Sea, approximately 123,700 km? in area, where
the widest width is about 320 km and its
narrowest is about 220 km, in which the
Vietnamese coast of the gulf is about 763 km
long and the Chinese side is about 695 km.
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The gulf has one main door (approximately
270.4 km in width, from Con Co island,
Vietnam to Hainan island, China) and one strait
(Qiongzhou Strait, approximately 35.2 km in
width lying between Leizhou peninsula and
northeast Hainan island). The part of the gulf in
Vietnam (Ha Long and Bai Tu Long bays) has
around 2,300 islands. The largest island in the
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gulf is Bach Long Vi island, lying about 110
km from the mainland of Vietnam and 130 km
from Hainan island. Gulf of Tonkin has
important strategic location for both Vietham
and China in economics and defense security.
Northern part of the bay is one of the fisheries
and seafood supplying areas, important for both
Vietnam and China.

The Red river (Vietnam) provides the
major riverine discharge of about 130 Mt/year
total terrestrial materials into the gulf, and the
Pearl river (China) provides the discharge with
total materials of about 90 Mt/year through
Qiongzhou Strait. The seasonal reversing
monsoon wind plays an important role in
hydrological features and the general
circulation pattern in the study region. In the
East Sea, the northeast monsoon (winter
season) is from October to next March and the
southwest monsoon is from May to August.

The main expeditions concerning the study
issues:

The Vietnam - China integrated surveys
which were carried out during 1959 - 1961.

The Vietham - Soviet fishery surveys
which were carried out during 1961 - 1964.
Unfortunately, these surveys were limited to
western coastal waters, without covering the
entire gulf. During the period of 1964 - 1975
because of the war situation and up to now
because of managing authority division of the
waters in the gulf, surveys were only carried out
in the waters managed by Vietnam or China.

Some related research publications:

3D nonlinear model for the calculations of
tide and tidal current in the Gulf of Tonkin.
Manh, D. V., and Yanagi, T., (1997) [1].

Upwelling off the west coast of Hainan
Island in summer: Its detection and
mechanisms. Xingang Lu et al., (2008) [2].

Modeling the circulation in the Gulf of
Tonkin, South China Sea. Jingsong Gao et al.,
(2013) [3].

Tidal dynamics in the Gulf of Tonkin. P.
Marchesiello, Minh Nguyen et al., (2014) [4].
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MATERIALS AND METHODS
Input data

The daily-averaged wind data was derived
from website ftp://ftp.ssmi.com/gscat/bmaps
_v03/ (from 1996 to 2003) and http://www.re-
mss.com/windsat/windsat_browse.html  (from
2003 to 2013). Wind vectors were
reconstructed with the accuracy of 1 m/s in
speed and 15° in direction. With comprehensive
wind data source, seasonal and monthly
average wind speeds and directions calculated
from the statistical analysis of wind field, the
interpolation of wind data in mesh distribution
(finite element) was easily carried out using
Matlab R2013b. The wind data from 1987 to
2007 at the areas of Tuy Hoa, Nha Trang, Phu
Quy and Vung Tau checked with a measuring
frequency of 6 hours per day were used to
validate the procedure.

The used atmospheric parameters were
derived from NCEP (National Centers for
Environmental Prediction), including wind
speed (m/s) at 10 m above the sea level,
atmospheric pressure, air temperature and
specific moisture/humidity at 2 m above the sea
level, total cloud cover (%), rainfall (kg/m?/s),
short wave and long wave radiation fluxes
(W/m?).

Thermo-haline data was derived from 4
sources: 1) the VODC database of the Institute
of Oceanography; 2) the Russian website
http://pacificinfo.ru/; 3) the PHC 3.0
downloaded freely from:
http://psc.apl.washington.edu/POLES/PHC2/CI
imatology.html; 4) the data collected from the
investigations of the Vietnam - German
Upwelling Project (2003 - 2006).

From the above-mentioned data sources,
we choose that from Russia as the basis and
updated it by adding data from other sources.

The harmonic constants used for the
calculations of tidal effects in the Gulf of
Tonkin were 9 main tidal constituents as: M,
Sz, N, Ky, My, Ky, O4, Q; and Py. The harmonic
constants were calculated by the same method
but with a large scale of the whole East Sea
(carried out under the framework of the
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international Vietnam - German Cooperation
Project), then they were interpolated to match
with the open boundaries of the study area
using the interpolation program Griddata in
Matlab.

Methodology of nonlinear 3D model

The model is performed based on the three-
dimensional hydrodynamic equations with the
conventional Boussinesq and hydrostatic
assumptions.  Temperature and  salinity
transport and sea water density are defined

av - 0 ov
_ X = —_—

Equations for heat and salt conservation:

dT 0 oT o
2N, S = 2T -T) @
dt 62( h@Zj T p(a )()

2 2 2
o2y 2 (2] (2
dt oz * oz 0z 0

2 2 2
2w, IJ:IE{Nm[(a—UJ (2

dt oz oz 0z 0z

Boundary conditions

Tidal oscillation was introduced into nodes
at open boundary to create appropriate general

from the equation of state. The subgrid-scale
dissipation is represented in eddy viscosity
(diffusivity) form, parameterized in terms of
stratification plus turbulent kinetic energy and
mixing length, both of which evolve at the
macro-scale.

Governing equations

There are six state variables in the 3D
model, which are represented in the following
equations. The two horizontal components (x,
y) of the momentum equation are:

¢
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Equations of the turbulent kinetic energy
and mixing length:
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tidal force and impose accurately Dirichlet
boundary conditions. Following equation has to
be summated from all tidal components:

T
CW)=Zy+ > f (1) A ~cos(a)k[t—t0]+(V(t0)+U(t))k —@gkj (6)
k
We solved these equations under the 2 > |-
conventional horizontal boundary conditions. With: 7w =Cyp, WW (8)

Vertical boundary conditions are posed as
follows. For the horizontal velocity, the
atmospheric shear stress is specified at the
surface:

— =H¥=7, @)
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Where: W : Wind velocity vector at the sea
surface; p,: Air density (0, = 1.25 kg.m™).

For the calculations on this page, a non-
linear drag coefficient was used (based on
Large and Pond (1981) [5] modified for low
wind speeds as in Trenberth et al., (1990) [6]:
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surface as a “type III” or radiation condition
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Fig. 1. Bathymetric map (m) in the Gulf of Tonkin

With finite element grid (simulation of
large areas): The computational domain was
from 100.0883°E to 117.9899°E longitude and
from 4.4546°N to 23.6867°N latitude (fig. 1).
For computation, finite element method with

triangular computational grid was used (fig. 2).
The minimum grid angle was 25° total
computation area was 2,646,196.4505 kmZ.

Computational points were 5,366 with 10, 204
triangles. Triangular area was 81.9732 km? at
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the minimum, 259.3293 km® on average,
774.2812 km? at the maximum. The boundaries
of the nonlinear 3D model cut by finite element
method were relatively flexible in open
boundary setting. In the vertical, we divided
calculated horizons into 20 layers (0 m layer -

1050 1055 106.0 1065 107.0 107.5 108.0 1085 1090 1095 1100 1105 1110
L L

the surface, the 10 m, 20 m, 30 m, 50 m, 75 m,
100 m, 125 m, 150 m, 200 m, 250 m, 300 m,
400 m, 500 m, 600 m, 700 m, 800 m, 1000 m,
1,200 m, 1,500 m layers). The bathymetry map
and triangular grids for the whole East Sea and
the Gulf of Tonkin are depicted in the fig. 1, 2.
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Fig. 2. Triangular grids for current computation

The run includes a tidal forcing along the
open-water boundary featuring the M,, S, N,,
Ka, My, Ky, Oy, Q; and Py tidal constituents and
the resultant currents under the influence of the
two main monsoon regimes (interpolated from
the wind database in the whole East Sea): The
strong northeast monsoon, typically from last
December to next February; and the strong
southwest monsoon, typically from June to
August.

The 3D nonlinear FEM model used in this
study was developed by authors of this paper
[7,8]...

RESULTS

The current profiles in the two typical
monsoon fields

In the northeast monsoon
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Fig. 3a. Distribution of wind currents at the
surface layer in NE monsoon
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During the northeast monsoon, a strong
regular current appears through Qiongzhou
Strait (from China), calculated current
velocities can achieve speed of 52 cm/s and
generate a strong current region located in the
northwest of Gulf of Tonkin. In the center of
Gulf of Tonkin, an area with relatively weak
flow rate of less than 10 cm/s is formed, in
addition there also appear several small
vortices located in the center of the gulf.

Some features of current fields calculated...

Meanwhile, outside the main entrance from
Con Co (Vietnam) to Hainan island (China)
due to the influence of the northeast monsoon,
the strong flow rate affected by the density
current (probably greater than 60 cm/s) is
formed: A small flow goes into the gulf and the
main flow goes to southwest coast outside the
gulf. This has contributed to a decline in
influence of tidal flow entering the main
entrance of the gulf. If considered separately,
only just wind current (fig. 3, 4, 5), the above
picture will not be reflected.
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Fig. 8a. Distribution of wind currents at the
50 m layer in SW monsoon
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Fig. 8b. Distribution of general currents at the
50 m layer SW monsoon

DISCUSSION

The calculation results showed that
Qiongzhou Strait plays an important role in
water exchange between the Gulf of Tonkin
and the East Sea.

The wind currents play an important role
inside the Gulf of Tonkin and the density
currents (thermo-haline, regular currents) play
an important role in and outside the main
mouth of the gulf.

Some features of current fields calculated...

Strong regular currents are existing (in the
whole year with two wind seasons) from north
to south through the gulf mouth (this has been
approved by some previous study results), the
density currents play the main role.

Cyclone circulation has been formed in
northeast monsoon and anticyclone circulation
has been formed in southwest monsoon in the
gulf.

The current direction and intensity change
very little with depths.

The initial findings of the flow rule under
the influence of monsoon have not been clearly
expressed in the article. Unfortunately, we still
lack a series of measured data to test and
calibrate the model. However, by the model
results we can realize the potential, future
prospect and development direction of FEM.
The results obtained by full 3D nonlinear finite
element model show that FEM is better for
simulating the current system in coastal waters
with complex bottom topography and expanded
boundary. Currents flowing along the shore and
island boundaries are represented more
accurately by this method. Testing the accuracy
of FEM using the field data will help us
calibrate the required computational parameters
for a better simulation of specific features of
marine currents. Accurate, reliable and
comprehensive field data will provide good
input data, so the FEM model will give us high
quantitative and more reliable results.

A number of issues for both scientific and
practical needs that we will continue to study in
more detail:

Clarification of the role of Qiongzhou
Strait through the exchange of water for
hydrology (terrestrial water volume), dynamics,
material transport, environmental quality and
biodiversity in the north area and peak of the
Gulf of Tonkin.

Ability of transportation, dispersion
(longshore  and cross-shore  sediment
transportation) and deposition of materials from
the gate area of the Red river system in the
Gulf of Tonkin under the impacts of climate
change and human activities.
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Study on the process of transportation and
distribution of resources as sea creatures in the
bay area to contribute to the conservation and
sustainable development of marine economy.

The viability of local upwelling (time and
scope) at the mouth of the Gulf of Tonkin in
transition monsoon seasons (NE - SW) and SW
and its impacts on resources and biodiversity in
the waters adjacent to the mouth of the bay.

Accurate determination and clarification
of the position of the amphidromic point at the
coastal region in the gulf mouth.
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Some features of current fields calculated...

MOT SO DPAC TRUNG DONG CHAY
TINH TOAN TRONG VINH BAC BO

Bui Hong Long, Tran Vin Chung
Vién Hdi duong hoc, Vién Han 1am Khoa hoc Cong nghé Viét Nam

TOM TAT: Pi c¢6 nhidu chuyén khao sét, nghién ciru, tinh toan cac truong dong luc (bao gom
truong dong chay bién) trong vinh Bac B9, 1a noi chiu anh huong khdng chi dong nuée ngot tir hé
thdng séng Hong ma con chiu tac dong cua hé théng dong chay ven bo tay Bién Pong thong qua
cac eo Quynh Chau (ndi giita ban dao Loi Chau va dao Hai Nam, Trung Quéc) va cira vinh Béc Bo.
Hién nay céac hoat dong kinh té dang trd nén hét sirc soi dong ¢ ca hai bo, trong viing nuéc va trén
cac dao trong khu vuc vinh. Cho dén nay céc két qua nghién ciwu, tinh toan, mé phong hé dong chay
trong khu vuc vinh dudi su tic dong cua cac qua trinh trao d6i nudc qua cac eo, cira, dong di tir
song ra va anh huong cua bién ddi khi hau con rat it va chua c6 tinh hé thong. Trong bai béo nay
chung t6i da str dung mo hinh ba chiéu (3D) phi tuyén duoc giai bang phuong phap phan tir hiru han
dé tinh toan truong dong chay trong vinh Bic Bo cho cac mua gié Dong Bac, Tay Nam vdi cac diéu
kién bo sung nhu d trinh bay & trén. Cac két qua tinh toan da cho cac dic trung cia hé thong dong
chay: Phan bd khong gian, phan bé thing dimg, cudng do, huéng dong chay trong cac mua gié mua
chinh trong vinh Bac Bo. Cac két qua nghién ciru cho thay: Dong di vao va di ra tir vinh Bic B6 qua
eo Quynh Chau c6 kha nang hinh thanh nén ving dong chay ngugc chiéu kim dong ho (xody
thuan), van chuyén vat chat va anh huéng dén chét lugng nudc & khu vuce dinh vinh; Dong di vao va
di ra khu vuc cira vinh chinh ¢ phia dong nam khéng nhitng Iam hinh thanh mét vang dong chay
manh & phia bd déng vinh (bo phia tiy dao Hai Nam) ma con anh hudng 1én hoan Iuu chung toan
vinh va tao ra mot h¢ thong dong thuong ky di vé phia nam & ving ven bo phia tay nam cira vinh;
Dong chay gié déng vai trd quan trong bén trong vinh con dong mat d6 (dong nhiét-mubi 6n dinh)
vu thé & ctra va bén ngoai ctra vinh; Céc xody thuan hinh thanh trong mua gié Doéng Bic va céc
xo0ay nghich hinh thanh trong mua gi6 Tay Nam.

Tir khoa: Thuy triéu, dong chay, mé hinh phi tuyén ba chiéu (3D), xody thuan, xody nghich,
vinh Bic Bo.
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