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An upper layer thermohaline front across the South China Sea (SCS) basin from the
South Vietnamese coast (around 15°N) to Luzon Island (around 19°N) has been iden-
tified using the Navy’s open domain Generalized Digital Environmental Model
(GDEM) monthly mean temperature and salinity dataon a0.5° x 0.5° grid. Thisfront
does not occur at the surfacein summer. The strength of thisfront isaround 1°C/100
km at the surface and 1.4°C/100 km at the subsurface (50 m deep). A cross-basin
current, inverted using the P-vector method, is associating with the front. Meander-
ing and eddies have been identified along this current. Seasonal and vertical
variabilities of the thermohaline structure across this front are reported in this pa-
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1. Introduction

The South China Sea (SCS) has a bottom topogra-
phy (Fig. 1) that makes it a unique, semi-enclosed ocean
basin that istemporally forced by a pronounced monsoon
wind. Extended continental shelves (lessthan 100 m deep)
exist along the north boundary and across the southwest
portion of the basin, while steep slopes with almost no
shelf are found along the eastern boundary. The deepest
water is confined to an oblate bowl oriented SW-NE,
centered around 13°N. The maximum depth is around
4500 m. The main connection between the SCS and the
Pacific Ocean isviathe Luzon Strait, which isvery wide
and has a sill depth of approximately 2400 m.

Analyzing historical hydrographic data over a wide
region of the northern SCS, Shaw (1989, 1991) found an
evident intrusion current from the Philippine Sea over a
wide region of the northern SCSin late autumn and win-
ter. Using a high-resolution Navy layered ocean model,
Metzger and Hurlburt (1996, 2001) investigated the dy-
namics of the flow from the Pacific Ocean into the SCS.
The Kuroshio intrusion into the SCS through the Luzon
Strait is an important process, influencing the
hydrographic features and circulation pattern in the north
SCS (Nitani, 1970; Shaw, 1989, 1991; Chao et al., 1996;
Li et al., 1998; Chu et al., 1999). Such a process might
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cause the observed difference in water mass characteris-
tics between north and south SCS.

NASA’s Multi-Channel Sea Surface Temperature
(MCSST) data clearly show the appearance of a cross
basin, thermal front in the winter (Fig. 2(a)) and disap-
pearance of such a front in the summer (Fig. 2(b)). The
frontal feature identified in Fig. 2(a) isasurface phenom-
enon. What isthe three dimensional structure of the front?
What are the water mass characteristics across the front?
What is the current structure associated with the front?
We have investigated these questions in this study using
the Navy’s Generalized Digital Environmental Model
(GDEM) climatological temperature and salinity data on
a0.5° x 0.5° grid.

The outline of the paper is as follows. Section 2 de-
picts seasonal variability of surface winds. Section 3 de-
scribes the Navy’s GDEM data set. Section 4 delineates
the existence of a cross-basin thermohaline front. Sec-
tion 5 depicts the identification of a cross-basin current
associating with the thermohaline front using the P-vec-
tor inverse method. Section 6 describes the change of
water mass characteristics across the thermohaline front.
Section 7 presents the conclusions.

2. Seasonal Variability of Surface Winds

SCS experiences two monsoons, winter and summer,
every year. During the winter monsoon season, a cold
northeast wind blows over SCS (Fig. 3(a)) as aresult of
the Siberian high pressure system located over the east
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Asian continent. Radiative cooling and persistent cold air
advection maintain cold air over SCS. The northeast-
southwest oriented jet stream is positioned at the central
SCS. Such atypical winter monsoon pattern lasts nearly

Geography and isobaths (unit: m)
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Fig. 1. Geography and isobaths showing the bottom topogra-
phy of the South China Sea.
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six months (November to April). During the summer
monsoon season, a warm and weaker southwest wind
blows over SCS (Fig. 3(b)). Such a typical summer
monsoon pattern lasts nearly 4 months (mid-May to mid-
September). The mean surface wind stress over SCS is
nearly 0.2 N/m? and reaches 0.3 N/m? in the central por-
tion in December (Fig. 3(a)) and is nearly 0.1 N/m? in
June (Fig. 3(b)).

The surface wind stress curl ({) field was cal cul ated
using the European Centre for Medium-Range Weather
Forecast (ECMWF) analyzed wind data. The ensemble
mean (1982-1989) ( field (Fig. 4(a)) shows a dipole pat-
tern (Chu et al., 1997b) with a northeast-to-southwest ori-
ented zero-curl contour separating the SCSinto cyclonic
(anticyclonic) curls southeastern (northwestern) of it. The
maximum absolute values of both curls reach 1.8-2 x
107" N/m?. The zero-curl contour represents the location
of a prevailing southwestward surface jet stream.

During the winter monsoon season, the dipole pat-
tern of the ¢ field (January) is similar to the ensemble
mean pattern (Fig. 4(b)). Such a pattern persists from
November to March. The maximum absolute values of
both curlsin January reach 4 x 10~ N/m3, which implies
a strong southwestward surface jet located at the zero-
curl line.

During the summer monsoon season, the dipole pat-
tern of the ¢ field (July) is opposite to the winter (or en-
semble mean) pattern (Fig. 4(c)) with a northeast-to-
southwest oriented zero-curl contour separating the SCS
into anticyclonic (cyclonic) curls southeast (northwest)
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Fig. 2. NASA’s multi-channel sea surface temperature (MCSST) data for (a) January 29, 1997, and (b) June 29, 1998. The data

were interpolated by the Naval Research Laboratory.
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of it. The maximum absolute values of the cyclonic curl
(northwest side) and anticyclonic curl (southeast side) are
1.8 x 107" N/m®and 10~" N/mq, respectively. The strength
of the wind stress curl during the summer monsoon sea-
son is about half that during the winter monsoon season.
Thisimplies aweak northeastward surface jet located at
the zero-curl line.
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Fig. 3. Mean surface wind stress vectors in the South China
Seafor (a) December and (b) June (after Chu et al., 1997b).

ensemble mean field
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3. TheNavy’s GDEM Data Set

GDEM isthe Navy’s global climatological monthly
mean temperature and salinity data set with afour-dimen-
sional (latitude, longitude, depth, and month) display. Data
for building the current version of GDEM climatology
for the SCS were obtained from the Navy’s Master Ocea-
nographic Observational Data Set (MOODS), which has
144,135 temperature and 13,768 salinity profiles during
1930-1997. The main limitation of the MOODS data is
itsirregular distribution in time and space. Certain peri-
ods and areas are over sampled while others lack enough
observations to gain any meaningful insights. Vertical
resolution and data quality are also highly variable de-
pending to a great degree on instrument type and sam-
pling expertise.

The basic design concept of GDEM is the determi-
nation of aset of analytical curvesthat represent the mean
vertical distributions of temperature and salinity for grid
cells (0.5° x 0.5°) through the averaging of the coeffi-
cientsfor the curvesfound for individual profiles (Teague
et al., 1990). Different families of representative curves
have been chosen for shallow, mid-depth, and deep-depth
ranges, with each chosen so that the number of param-
eters required to yield a smooth, mean profile over the
range was minimized. As pointed by Teague et al. (1990),

July Mean
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Fig. 4. Surface wind stress curl: (a) ensemble mean, (b) January, and (c) July. The unit is 108 N m= (after Chu et al., 1997b).
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Fig. 5. Monthly mean sea surface temperature (°C) field with
0.5°C contour interval.

large-scal e oceanographic features are generally found to
be similarly represented in both GDEM and the NOAA
Climatol ogical Atlas of the World Ocean temperature and
salinity. GDEM appears to render better representations
of seasonal variability and regions of high current shear
because of a different smoothing method and afiner grid
spacing. GDEM data contains the monthly mean tempera-
ture and salinity (T, S) and annual mean temperature and
salinity (T, S) fields. Interested readers are referred to
Teague et al. (1990) for more information.

4. Thermohaline Front

The seasurface temperature (SST) variation obtained
from the GDEM data is quite consistent with earlier in-
vestigations based on the National Center for Environ-
mental Predictions (NCEP) data (Chu et al., 1997b) and
based on the MOODS data (Chu et al., 19973, 1999). An
important feature, yet to be explored, is the thermohaline
front (THF) across the SCS basin from Vietnam Bight
(109°E, 10°N) to the northwestern tip of Luzon (120°E,
19°N).
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Fig. 6. Monthly mean temperature (°C) field at 50 m depth
with 0.5°C contour interval.

4.1 Temperature

Figure 5 shows the monthly mean sea surface tem-
perature with contour interval of 0.5°C. The horizontal
gradient across THF strengthens in the winter monsoon
season (November to April) with a maximum value of
1.4°C/100 km and weakens drastically in the summer
monsoon seas (June to September) (Fig. 5).

Figure 6 shows the monthly mean temperature at 50
m depth. Different from the surface, the temperature gra-
dient isevident all year round. Moreover, we can see the
seasonal variability of the multi-eddy structure in SCS
which was reported by Chu and Chang (1997) and Chu et
al. (1997a, 1997b, 1998).

4.2 Salinity

Figure 7 shows the monthly mean surface salinity
with contour interval of 0.25 ppt. The isoline of 33.75
ppt (or 33.5 ppt) in February to April (or May to January)
dividesthe SCSinto saltier northwestern SCS and fresher
southeastern SCS. The horizontal salinity gradient across
THF in the winter is comparable to that in the summer
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Fig. 7. Monthly mean sea surface salinity (ppt) field with 0.025
ppt contour interval.

(nearly 0.25 ppt/100 km). Figure 8 shows the monthly
mean salinity at 50 m depth. The 34.0 ppt isoline sepa-
ratesthe saltier, northwestern SCSfrom the fresher, south-
eastern SCS. A strong horizontal salinity gradient (0.1 ppt/
100 km) is found near the Vietnam Bight in the summer
monsoon season (July to October). THF appears strong
all year round at the surface and subsurface (50 m).

4.3 Forcing mechanism
4.3.1 Pre-conditioning

The SCSis occupied by two separate water masses.
In the north, the waters are cold and saline. The annual
variability of salinity is small, due to the inflow and dif-
fusion of high salinity water from the Pacific Ocean
through Luzon Strait. However, in the south the tropical
conditions cause the waters to be warmer and fresher
(Wyrtki, 1961). High temperature, low salinity water in
the south and low temperature, high salinity water in the
north is the pre-condition for the THF formation in the
central SCS.
4.3.2 Sverdrup transport

For the ensemble mean (Fig. 4(a)) and winter (Fig.
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Fig. 8. Monthly mean salinity (ppt) field at 50 m depth with
0.02 ppt contour interval.

4(b)) ¢ fields, the northeast-to-southwest oriented zero-
curl line separates the SCS into anticyclonic curls (caus-
ing southward Sverdrup transport) northwest of it and
cyclonic curls (causing northward Sverdrup transport)
southeast of it. This process forces the two water masses
to converge at the zero-curl line, causing the THF forma-
tion and/or strengthening the THF. For the summer (Fig.
4(b)) ¢ field, the zero-curl line separates the SCS into
cyclonic curls (causing northward Sverdrup transport)
northwest of it and anticyclonic curls (causing southward
Sverdrup transport) southeast of it. This process forces
the two water masses to divergence at the zero-curl line,
weakening the THF. Use of the Sverdrup theory also pre-
dicts the existence of ajet-like flow associated with the
zero-curl line.

5. Cross-Basin Current

5.1 Flow pattern

Wyrtki (1961) published an overview of SCS sea-
sonal surface circulations and postulated a cross-basin
current (CBC) flowing northeastward all year round. A
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Fig. 9. Inverted monthly mean velocity field at the surface.

wind-driven circulation is formed with the beginning of
the southwest monsoon in May and June. Off the coast of
Vietnam a northward flowing western boundary current
isclearly visible. The wide, uniform drift in the northern
SCS shows a deflection of the current to the right of the
wind and forms CBC from the Vietham bight to Luzon
island. In September the strength of the currents decreases
and in October the northeast monsoon starts blowing with
considerable strength. Under the influence of the winds,
water masses of the North Equatorial Current areintruded
through Luzon Strait into SCS. This water flows along
the coast of China to the southwest with a remarkable
westward intensification of the current. In the central SCS
acounter current (i.e., CBC) is developed north of 10°N.

The P-vector inverse method (Chu, 1995, 2000; Chu
et al., 1998; Chu and Li, 2000) was used to compute 3D
absolute velocity from temperature and salinity data. The
optimization scheme proposed by Chu et al. (1998) was
also used to minimize errors. The calculated absolute
velocity field (Figs. 9 and 10) clearly shows the exist-
ence of CBC flowing northeastward from the Vietham
bight to Luzon island. Different from Wyrtki's cartoons,
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Fig. 10. Inverted monthly mean velocity field at 50 m depth.

the coastal currents are not well obtained using the P-
vector method. A comparison of Figs. 9 and 10 with Figs.
5-8 shows the co-location of CBC and THF.

CBC has aweak seasonal variation in flow direction
and a strong seasonal variation in current speed. It
strengthens in the summer and weakens in the winter. In
July and August, the maximum speed of CBC reaches 0.25
m s (0.2 m s) in the southern part near the Vietnam
bight at the surface (50 m depth). In January and Febru-
ary CBC becomes very weak, around 0.05 m s at the
surface and 50 m deep. The seasonal variation of CBC
was well reproduced by numerical modeling (e.g., Chu
et al., 1999).

CBC meanders and generates cyclonic (anticyclonic)
eddies to the northwest (southeast). For example, CBC
meanders at (110°E, 10°N) from June to August. An anti-
cyclonic eddy hasbeen identified withitscenter at (112°E,
9°N) and a size of around 300 km. The tangential veloc-
ity of this eddy isnearly 0.2 m s*. The multi-eddy struc-
tureinverted hereis consistent with early calculations on
the z-level using synoptic data (Chu et al., 1998) and on
theisopycnal level using GDEM (Chu and Li, 2000). The
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Fig. 11. Seasonal variation of the CBC axis at 50 m depth.

multi-eddy structure has been reproduced by numerical
simulations (e.g., Chu et al., 1999).

5.2 Axis of the cross-basin current

The orientation of the maximum velocity along CBC
is defined as the axis that extends from (110°E, 10°N) to
(120°E, 18°N) in a straight line at 50 m depth (as an ex-
ample) from April to September (Fig. 11). In October,
the axis maintains as a straight line course and shifts
southward with alarger displacement in the northern part
(250 km in the north tip) than in the southern part (100
km in the south tip). From November to March, the CBC
axis is no longer a straight line. The western part of the
axis (west of 115°E) jumps around 200 km northward
compared to October. The eastern part (east of 115°E) of
the axis becomes zonal along 15°N latitude.

6. Water Mass Characteristics across the Front

6.1 Sub-areas

As described in Subsection 4.3.1, the water masses
have different characteristics north and south of THF, with
high temperature, low salinity water in the south and low
temperature, high salinity water in the north. Analysis of
T, Sdatain the latitudinal strip (112.5°-115°E) is neces-
sary to quantify the thermohaline variability across THF

Longitude

Fig. 12. Division of subareas across THF.

and for a further understanding of the driving and varia-
tion mechanism of THF. This strip is divided from 6° to
22°N into eight rectangles with 2.5° in zonal direction
and 2° in latitudinal direction (Fig. 12). These boxes can
be grouped into three sub-areas: THF (4 and 5), south of
THF (1-3), and north of THF (6-8). The change of T-S
features among these boxes leads to an understanding of
the THF structure and the forcing mechanism.

6.2 T-Sdiagrams

We have plotted the upper layer (0—-300 m deep) T-S
diagrams for each box in January (Fig. 13) and July (Fig.
14), respectively. The T-S curves in all boxes are of the
same type (reverse-C shape) with a salinity maximum
(nearly 34.65 ppt north of THF and around 34.52 ppt south
of THF) layer. The maximum salinity has been previously
discussed by Qu (2000) using T, Sprofiles from the Na-
tional Ocean Data Center (NODC). The location and the
strength of the maximum salinity are comparable whether
they are studied using the GDEM (this paper) or NODC
data (Qu, 2000).

The T-Scurves, however, have alarger range in both
T and Ssouth of THF (Boxes 1-3) than to the north (Boxes
6-8), and the salinity maximum occurs at a shallower
depth north of THF (o, = 25in Boxes 6 and 7) than to the
south (o, = 25.6-25.8 in Boxes 1-3). Thus, the
thermohaline variability islarger to the south than to the
north of THF.

Seasonal Variability of Thermohaline Front in the Central South ChinaSea 71
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Fig. 13. Change of T-S diagrams across THF in January.

6.3 T-Sprofiles

We have plotted the mean vertical T-S profiles for
each box in January (Fig. 15) and July (Fig. 16), respec-
tively. The thermohaline structure below 150 m is quite
uniform horizontally and has weak seasonal variability
between January and July, which indicatesthat THF isan
upper layer phenomenon. The haloclineis stronger south
of THF than to the north in both seasons (January and
July). For example, the vertical salinity gradient in Janu-
ary is around 0.83 ppt/100 m in Box 2 (south of THF)
and nearly 0.38 ppt/100 m in Box 6 (north of THF), and
the vertical salinity gradient in July is around 0.92 ppt/
100 m in Box 2 (south of THF) and nearly 0.56 ppt/100
min Box 6 (north of THF). The salinity maximum (~34.65
ppt) occurs at shallower depth north of THF (around 150
m deep in Boxes 6 and 7) than to the south (around 200 m
deep in Boxes 1-3). There is no noticeabl e seasonal vari-
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ability.

Seasonal thermohaline variability is evident above
150 m depth, and is stronger north of THF than to the
south. For example, January temperature profiles (Fig.
15) show deeper mixed layers north of THF (e.g., around
60 m in Box 6) than to the south (e.g., 35 m in Box 2).
This is caused by the dipole of the surface wind stress
curl with anticyclonic curl north of THF and cyclonic curl
to the south. July temperature profiles (Fig. 16) show
shallower mixed layers north of THF (e.g., around 10 m
in Box 6) than to the south (e.g., 30 min Box 2) with the
same mechanism as January.

6.4 Surface temperature

Monthly mean SST data show alarger seasonal vari-
ability to the north (Box-6) than south (Box-2) of THF
(Figs. 17(a) and 17(b)). The coldest SST occurs in Feb-
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Fig. 14. Change of T-S diagrams across THF in July.

ruary in both boxes: 23.5°C in Box-6 (north of THF), and
26.6°C in Box-2 (south of THF). The warmest SST north
(south) of THF is 29.1°C (29.6°C) appearing in July
(May). The seasonal variability (warmest minus coldest
temperature) isaround 5.6°C in Box-6 and 3°C in Box-2.

We use the SST difference between Box-2 and Box-
6 (ASST = SSTgy.2 — SSTgox-6) 10 represent the strength
of the surface THF in temperature (Fig. 17(c)). The dif-
ference ASST reaches a maximum value (3.1°C, strong-
est surface THF) in January, and a minimum value of
—0.2°C in July and August (no surface THF).

6.5 Subsurface (50 m) temperature

Monthly mean temperature at 50 m depth shows a
larger seasonal variability north (Box-6) of than south
(Box-2) of THF (Figs. 18(a) and 18(b)). The coldest tem-
perature occursin February in both boxes: 23.3°Cin Box-

6 (north of THF), and 25.5°C in Box-2 (south of THF).
The warmest temperature north (south) of THF is 26.8°C
(27.8°C) appearing in October (June). The seasonal vari-
ability isaround 3.5°C in Box-6 and 2.3°C in Box-2.

We use the temperature difference between Box-2
and Box-6 (AT = Tgoy.2 — Teox-6) tO represent the strength
of the THF (Fig. 18(c)) at 50 m depth. The difference AT
is larger in summer than in winter, and reaches 3.6°C
(strongest subsurface THF) in June, and 0.9°C in Octo-
ber (weak subsurface THF).

6.6 Surface salinity

Monthly mean surface salinity shows different sea-
sonal variabilities north (Box-6) and south (Box-2) of THF
(Figs. 19(a) and 19(b)). Low salinity is 33.78 ppt (32.96
ppt) north (south) of THF appearing in July and August
(October and November). High salinity is 34.14 ppt (33.57
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Fig. 15. Change of T and S profiles across THF in January.

ppt) north (south) of THF appearing in February (March).
The seasonal variability isaround 0.61 ppt (0.36 ppt) north
(south) of THF.

We use the salinity difference between Box-2 and
Box-6 (AS = Sgo.0 — Sgox.6) 10 represent the strength of
the surface THF in salinity (Fig. 19(c)). The values of AS
are all negative, indicating that the surface water is more
saline to the north than south of THF. The difference |AY
reaches a maximum value (0.96 ppt, strongest surface
THF in salinity) in November, and a minimum value of
0.4 ppt in May (weak surface THF in salinity). The sea-
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sonal variation of |[AY is mainly caused by the salinity
decrease in the southern portion of SCS (Fig. 19(b)). This
confirms that the major mechanism for the THF forma-
tionisthelocal expansion-blocking mechanism described
in Section 4.

6.7 Subsurface (50 m) salinity

Monthly mean salinity values at 50 m depth show a
nearly in-phase seasonal variability north (Box-6) and
south (Box-2) of THF (Figs. 20(a) and 20(b)). The mini-
mum salinity north (south) of THF is 34.14 ppt (33.64
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Fig. 16. Change of T and S profiles across THF in July.

ppt) appearing in November (August and September). The
maximum salinity occursin May: 34.36 ppt north of THF,
and 33.87 ppt south of THF. The seasonal variability is
around 0.22 ppt in Box-6 and 0.23 ppt in Box-2, repre-
senting comparable seasonal variabilities north and south
of THF.

The salinity difference between Box-2 and Box-6
(Fig. 20(c)) representsthe strength of the subsurface THF
in salinity. The values of AS are all negative, indicating
that the subsurface water is more saline to the north than
south of THF. The difference |AS is nearly 0.5 ppt all
year round.

7. Conclusions

(1) Using the Navy’s open domain Generalized Dig-
ital Environmental Model (GDEM) climatological tem-
perature and salinity data on a0.5° x 0.5° grid, an upper
layer THF across the South China Sea (SCS) from the
South Vietnam coast (around 15°N) to Luzon Island
(around 19°N) has been identified. Its axis is along the
line between two points (110°E, 10°N) and (120°E, 19°N).
Vertical thermohaline variability islarger to the south than
north of thisfront. The halocline is stronger south of the
THF than to the north. The vertical salinity gradient is
around 0.83 ppt/100 m (0.92 ppt/100 m) south of THF
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Fig. 17. Monthly evolutions of (a) SST (°C) north of THF (Box-
6), (b) SST (°C) south of THF (Box-2), and (c) the differ-
ence between the two (ASST). A criterion of ASST = 1.5°C
(denoted by the dashed line) is used to represent the occur-
rence of THF. If ASST < 1.5°C, the temperature difference
is not evident across THF.

and nearly 0.38 ppt/100 m (0.56 ppt/100 m) north of THF
in January (July). The location and the strength of the
maximum salinity have been found to be comparable us-
ing the GDEM and NODC (Qu, 2000) data. The GDEM
data show that the salinity maximum (~34.65 ppt) occurs
at shallower depth north of THF (around 150 m) than to
the south (around 200 m).

(2) Seasonal thermal variability is stronger north of
THF than to the south. The seasonal variability at the sur-
face is around 5.6°C north of THF and 3°C to the south.
The seasonal variability at 50 m depth is around 3.5°C
north of THF and 2.3°C to the south. In the summer, the
horizontal temperature gradient across THF is not evi-
dent at the surface but it is evident at the sub-surface (50
m). In the winter, the temperature gradient is evident at
both surface and subsurface. At the subsurface (50 m
depth), a maximum horizontal temperature gradient
(1.4°C/100 km) is found near the Vietnam Bight.

(3) Seasonal haline variability changes with depth.
At the surface there is a phase shift between north and
south of THF. Low salinity is 33.78 ppt (32.96 ppt) north
(south) of THF appearing in July and August (October
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Fig. 18. Monthly evolutions at 50 m depth of (a) temperature
(°C) north of THF (Box-6), (b) temperature (°C) south of
THF (Box-2), and (c) the difference between the two (AT).
A criterion of AT = 1.5°C (denoted by the dashed line) is
used to represent the occurrence of THF. If AT < 1.5°C, the
temperature difference is not evident across THF.

and November). High salinity is 34.14 ppt (33.57 ppt)
north (south) of THF appearing in February (March). The
seasonal variability is around 0.61 ppt (0.36 ppt) north
(south) of THF. The salinity gradient across THF is strong-
est in November, and weakest in May.

At the subsurface (50 m deep), the seasonal haline
variability is in-phase between north and south of THF.
Low salinity is34.14 ppt (33.64 ppt) north (south) of THF
appearing in October (September and October). High sa-
linity occursin May: 34.36 ppt north of THF and 33.87
ppt to the south. The seasonal variability is around 0.22
ppt north of THF and 0.23 ppt to the south representing
comparable seasonal variabilities north and south of THF.

(4) Deeper mixed layers are found to the north of
than south of THF in the winter monsoon season (Janu-
ary) and vice versain the summer monsoon season (July).
This is caused by the dipole of the surface wind stress
curl with anticyclonic curl north of THF and a cyclonic
curl to the south in January and vice versain July.

(5) An upper-layer, northeastward-flowing cross-ba-
sin current has been identified from GDEM data using
the P-vector method. This coincides with the classical
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surface circulation pattern presented by Wyrtki (1961).
This current, flowing along THF from the Vietnam Bight
to Luzon Island, has a weak seasonal variation in direc-
tion and a strong seasonal variation in current speed. It
strengthens in the summer and weakens in the winter. In
July and August, the maximum speed of CBC reaches0.25
m s (0.2 m s?) in the southern part near the Vietnam
bight at the surface (50 m depth). In January and Febru-
ary CBC becomes very weak, around 0.05 m s at the
surface and 50 m deep. CBC meanders and generates cy-
clonic (anticyclonic) eddies northwest (southeast) of it.

(6) A local mechanism of water mass expansion-
blocking due to the surface wind stress (jet and curl) has
been proposed to explain the formation of THF. The anti-
cyclonic curls cause the expansion of the cold and saline
northwestern SCS water during the winter monsoon sea-
son and the expansion of the warm and fresher southeast-
ern SCS water during the summer monsoon season (wa-
ter mass expansion mechanism). The expansion is stopped
by the northeast-southwest oriented atmospheric surface
jet across SCS (water mass blocking mechanism). This
mechanism can explain the formation of THF and the co-
location of THF and the atmospheric surface jet. We plan
to test this mechanism using arealistic ocean model.
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Fig. 20. Monthly evolutions at 50 m depth of (a) salinity (ppt)
north of THF (Box-6), (b) salinity (ppt) south of THF (Box-
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