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Fig.1 South China Sea topography
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Tab.1 Vertical ¢ intervals

ZR cRE JERE|ER cRE EEREE
1 0.000 0.001 12 -0.385 0.077
2 -0.001 0.001 13 -0.462 0.077
3 -0.002 0.002 14 -0.538 0.077
4 -0.005 0.005 15 -0.615 0.077
5 -0.010 0.010 16 -0.692 0.077
6 -0.019 0.019 17 -0.769 0.077
7 -0.038 0.038 18 -0.846 0.077
8 -0.077 0.077 19 -0.923 0.038
9 -0.154 0.077 20 -0.962 0.038
10 -0.231 0.077 21 -1.000
11 -0.308 0.077
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Fig.2 Model grid of South China Sea
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Tab.2 Bimonthly volume transports (Sv) through open boundaries. The positive/ negative values refer to inflow/ outflow

i & 124 344 56 H 78R8 9.10 A 11.12 B
A -4.5 -0.5 3.0 3.0 -0.5 -4.0
B 23.0 23.5 21.5 19.5 18.5 20.0
C -0.5 -2.0 -2.5 -2.5 -2.0 0.0
D - 18.0 -21.0 -22.0 -20.0 -16.0 -16.0
100° 105° 110° 115° 120° E 100° 105° 110° 115° 120°E
250 | 1 1 | 1 | | 1 1 |
N
20°
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10°—
5°
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B3 & H/RKRMAITEBREE 1 B 7 A (b)Sverdrup Ji BB (AL Sy, 18v =1 x 10°m s ")
Fig.3 Sverdrup stream function (Sv,1%v =1 x 10°m*+s™') computed from the Hellerman

and Rosentein wind stress climatology (a) January, (b) July
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Tab.3 Model parameters of numerical experiments

LRFE FF i1 RURE A1 K HESH ikt
1 nEk?2 T =400m 28)sin$ 8
2 Eg%il T <400m 20 sin¢ €3
3 RE?2 0 <400m 20sin$ (=8
4 n¥E2 7o <400m 20sind #8
5 k2 Ty + 207 <400m 20 sin¢ {63
6 k2 T 400m( FJiK) 20sin$ R 88
7 W2 T 200m( F i) 202sin¢ e
8 WE2 z <400m 20sin$ ey
9 n¥E2 T < 400m 282sin12° R
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Fig.4 Comparison of modeled stream functions (Sv) for January driven (a) by annually cyclic wind stress

and (b) by time-independent wind stress
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Fig.5 Modeled stream function (Sv) from the experiments; (a) closing open boundaries and retaining original wind stress;

{(b) retaining original open boundary condition and removing wind stress
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Fig.6  Modeled stream function (Sv) from the experiments: (a) forced by uniform wind stress; (b) with wind stress curl doubled
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Fig.7 Modeled stream function (Sv) from experiments for flat bottom topography with water depth equal to (a) 400m and (b) 200m
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Fig.8 Modeled stream function {Sv) from experiments: {a) with the inertial effect ignored; (b) with Beta effect ignored
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NUMERICAL STUDY ON THE DYNAMICS OF WIND DRIVEN BAROTROPIC
CIRCULATION IN THE SOUTH CHINA SEA

ZHAI Li, FANG Guo-Hong', WANG Kai™
(Institute of Oceanology, Chinese Academy of Sciences. {ingdao. 266071;
Graduate School, Chinese Academy of Sciences . Beijing . 100039 )

*( First Institute of Oceanography . State Oceanic Administration , Qingdao, 266061)

" Institute of Oceanology . Chinese Academy of Sciences . (ingdao . 266071)
Abstract Wind-driven circulation and its dynamic mechanisms in the South China Sea(SCS) were simulated us-
ing ECOM-si model with 10" x 10" horizontal resolution on 20 vertical sigma levels. The present work mainly focuses
on barotropic circulation in winter. The wind stress of the Hellerman-Rosenstein (1983) climatology was adopted to
drive the circulation. Previous studies have shown that the circulation in the intermediate to deep levels in the SCS is

relatively weak and is not closely related to the wind force, the water depths were thus truncated at 400m depth .

The model was first forced by annually cyclic wind stress to produce monthly mean stream function for January.
Then the model was run again forced by steady January wind stress to reach a stationary stream function. The open
boundary conditions used in these two cases were the same on the basis of the existing estimates. Very little difference
was revealed by the comparison between these two model products. This indicates that the time-dependent terms in
governing equations are not significant in the SCS monthly mean barotropic circulation. Thus in the following experi-
ments only steady wind stress fields were employed. The above run with steady wind stress was regarded as a standard
experiment .

The importance of outer-ocean forcing was examined by two experiments. The experiment with open boundaries
closed but retaining the original H/R wind stress vyields rather similar circulation pattern in the interior of the SCS.
The experiment in which the wind stress was removed but the open boundary condition was the same as the standard
experiment, resulted a boundary current along continental shelf of the northern SCS and west shore of the SCS. The
maximum values of the stream functions from these two experiments are close, indicating that the outer-ocean forcing
and the local wind forcing are of similar importance in regard to the strength of the upper-ocean circulation .

To examine the role of the wind stress curl in the generating of SCS circulation, the H/R wind stress field was
averaged horizontally over the SCS to yield a uniform wind stress field. When uniform wind stress was imposed, the
model-produced stream function was quite similar to that without wind forcing. When the wind stress curl was dou-
bled, the resulting stream function was significantly strengthened.

Two experiments with flat seabed were carried out to examine the topographic effects. The model-produced

stream functions display a large cyclonic gyre in the south and a small anticyclonic gyre in the north. The difference
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between the circulation patterns from the flat bottom experiment and the standard experiment implies that the continen-
tal shelf in the northern SCS restricts the extension of the anticyclonic gyre, and thus weakens the SCS Warm Cur-
rent. The existence of the Sunda Shelf forces the cyclonic gyre to retrogress within deep basin. The Nansha Islands
may generate meso-scale eddies.

The experiment with the advection terms removed from the governing equations yields almost the same circulation
pattern to that of standard experiment, except that the loop current southwest of Taiwan is slightly enhanced.

In case that the 3 effect was removed, that is, the meridional variation of the Coriolis parameter was ignored,
the model produced quite different circulation pattern from that of the standard experiment. Firstly, without 8 effect
the Kuroshio almost no longer intrudes into the SCS. Secondly, the intensification of the stream function toward the
northern slope and western boundary no longer presents. Thirdly, the cyclonic gyre has a significantly increased val-
ue. The first and second differences indicate that the 8 effect plays an essential role in the westward intensification of
the SCS circulation. The third difference implies that the 3 term is a fundamental term in the balance with the wind
stress curl .

In conclusion, the numerical study showed that the transport induced by inflow/outflow across the open bound-
aries is comparable to that induced by local wind stress curl over the SCS. The wind stress curl is important in driving
interior circulation of the SCS. In winter, the cyclonic curl generates basin-wide cyclonic gyre in the south and anti-
cyclonic curl generates the SCS Warm Current. The continental shelf restricts the cyclonic circulation gyres to the SCS
deep basin from the south and significantly weakens the SCS Warm Current from the north. The inertia effect plays
only a minor role in general circulation, except that it can slightly reduce the Kuroshio intrusion and the associated
loop current to the southwest of Taiwan. The B effect is of essential importance for the SCS circulation, in particular,
in the westward intensification and in the balance with the wind stress curl.

Key words South China Sea, Circulation, Dynamic mechanism, Numerical simulation
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