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Some aspects on the circulation in
the northern South China Sea

Joe WANG* and Ching-Sheng CHERN”

Abstract: The circulation pattern of the northern South China Sea (SCS) had long been a con-
troversial topic for the regional oceanography. The results from recent multi-vessel surveys,
over the northern and central SCS, show that the surface layer of the region to the northwest
or west of north Luzon is mainly occupied by cyclonic flows during spring and summer ; this
is quite discordant with our past knowledges on the circulation pattern of the northern SCS.
Moreover, these cyclonic flows are composed principally of SCS water masses, and in summer
they could extend further northwards to the areas from the west of the Luzon Strait to the
southwest of Taiwan. However, the aforementioned areas are flowed principally by Kuroshio
intrusion waters and associated with anti-cyclonic flows in winter. Details of the seasonal alter-
nation of such flow fields could be inferred from the differences of the monthly mean sea levels
between Kao-Hsiung and Port Irene and between Kao-Hsiung and San Jose (A {xs). The former
is dominated by annual variations, low in summer and high in winter. The latter is principally
biannual, whose two peaks, occurring in March to May and in August to September respec-
tively, correspond likely to the sequential occurrences of anti-cyclonic and cyclonic flows in
the Luzon Strait. Transitions of flow patterns may occur respectively in June to July and in
October to November when A {xs is low. These particular periods, corresponding closely to the
timings of alternation or onset of the regional monsoon, imply the significance of wind stress
on the evolution of current fields in the SCS.

1. Introduction

For years, current fields in the northern
South China Sea (SCS) had darwn a number of
attentions; Wyrtki (1961) compiled bimon-
thly surface current charts of the SCS and his
study enlightened the monsoon-driven behav-
ior of the main flow of the SCS; others, like the
CSK works of CHu (1970, 1972) and NITANI
(1970), also posteriorly hydrographic surveys
of FAN (1982) and SHaw (1989) in the Luzon
Strait and nearby areas, Cuan (1970), QIu,
YANG and Guo (1984) and WaNG and CHERN
(1987a) in the northern and the central SCS,
etc, had improved or extended WYRTKI'S
(1961) results of the northern SCS because
over wihch his data base is rather sparse and
crude from a modern viewpoint. Several obscu-
rities were illuminated by these later surveys
indeed, however, more controversies had been
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drawn by them too. For example, L1 and Wu
(1989), based on Nrranrs (1970) data, consid-
ered that the Kuroshio would form a loop cur-
rent in the northeastern SCS, they also
suggested that this is likely a typical pattern
for summer. Their point of view, obviously,
contravenes with what reported by Cuu (1972)
and Fan (1982), ie., the southwesterly mon-
soon in summer drives the SCS surface waters
flowing outward through the Luzon Strait to
the Pacific. Moreover, Wang and CHERN (1987a)
had reported that the northern SCS was occu-
pied by anti-cyclonic flow systems during their
spring survey, which they attributed to the in-
trusion of Kuroshio waters (WANG and CHERN,
1987b). Obviously, the anti-cyclonic pattern is
absent in WyYRTKI's (1961) current chart, so
Suaw (1989) repelled it and he suggested the
intrusion waters have to follow a cyclonic
pathway. In our opinion, all of these controver-
sies are simply the continuation of a long-
standing question, i.e. the obscure behavior of
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Fig. 1.

Hydrographic stations of the joint SCS surverys ; (a) cruise 311, from March 8 to 27,

1992 ; where o signs denote (CTD) stations of ORI and + that of R/V SY3 (upper panel) ;
(b) cruise 399, from August 28 to September 10, 1994 ; where [ ] CTD stations of ORI, A\
ORS3, X YP2, and+XYH14, respectively (lower panel).

the so-called SCS branch of Kuroshio (Wuy,
1982). We are still lacking of enough observa-
tions in constructing a more comprehensive
model capable of covering all of these disputes.

Recently, two larger-scale, multi-vessel sur-
veys had been conducted in the northern and
central SCS. The first was performed jointly by
R/V Ocean Researcher 1 (ORI, managed by In-
stitute of Oceanography, National Taiwan Uni-
versity) and by R/V Shi-Yan 3 (SY3, by South

China Sea Institute of Oceanology, Academia
Sinica, SCSIOAS) from March 8 to 27, 1992
(Fig. 1a); the second, by four ships, i.e. ORI, R
/V Ocean Researcher 3 (OR3, by National Sun
Yat-Sen University), R/V Xian-Yang-Hong 14
(XYH14, by State Oceanic Administration) and
R/V Yeng-Ping 2 (YP2, by Fujian Institute of
Oceanography), was carried out from August
28 to September 10, 1994 (Fig. 1b). One of the
purposes of these surveys is to present
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Table 1. CTD data used.

Cruise # Duration Survey area Note
283 1991 5/23-5/28 LS, NE SCS ORI only
311 1992 3/ 8-3/27 LS, N SCS With SY3
391 1994 6/14-6/20 LS, E Taiwan ORI only
399 1994 8/28-9/10 LS, NE SCS With OR3, XYH14, YP2
415 1995 4/ 4-4/13 LS, E Taiwan ORI only

synoptic views of the distributions of water
masses and current fields in the northern SCS
under different seasons, which may fill in some
of blanks in our past studies. In terms of this
data base, we may identify several active flow-
systems which are dynamically significant to
the circulation pattern of the northern SCS.
The evolution of such systems, however, could
be inferred from the time series of Monthly
Mean Sea Levels (MMSLs) of nearby tide sta-
tions. These, probably enlightening some of the
aforementioned obscurities, are reported in the
following sections.

2. Data base
Two kinds of data are used for the inspection

on the seasonal behavior of large scale current

fields of the northern SCS. The first is CTD
data collected by ORI solely or by ORI and
other research vessels' jointly, from which the
spatial distribution of water masses and
dynamic-height anomalies, thereby large scale
motions, could be inferred. For later rerference,
informations of cruise number (of ORI only),
duration and coverage of cruises are briefed in

Table 1, where the abbreviation LS denotes the

Luzon Strait, N northern, S southern, E eastern

and NE northeastern, respectively. The second

is the MMSL data of three tide stations, i.e. San

' For the purpose of cross checking the quality of
CTD data collected by different vessels, several
common stations had been arranged during cruis-
es; comparisons of T-S curves of common stations
show no great deviations between each other (Xu
and Su, 1993 ; Hu, 1995).

* The former two were retrieved via the anonymous
ftp from the archives of British Oceanographic
Data Centre (BODC), and the third one is provided
by the Central Weather Bureau of the Republic of
China (CWB). The location of San Jose (121°5’E,
12°20°N) is out of the range of Fig. la, so is not
shown.

Jose, Port Irene and Kao-Hsiung (Fig. la; from
January 1989 to December 1993)? from which
the time series of the differences of MMSLs be-
tween any two of them, i.e. AL (¢), where t de-
notes time, is obtained readily. By geostrophy,
A¢ () is associated with the volume fluxes
through the section between two stations, it is
therefore an useful clue for reconstructing the
temporal behavior of flow fields from few spa-
tial snapshots by CTD surveys.

3. Spatial distribution of water masses

The SCS is a semi-enclosed ocean basin,
whose exchanges of mass and salt with the
western Philippine Sea are mainly by virtue of
the flows in the Luzon Strait. WyrTKI (1961)
had reported the seasonal behavior of the con-
veyance of high salinity North Subtropical
Lower Water (LW) and less saline North Pa-
cific Intermediate Water (IW) into the SCS.
During the northeasterly monsoon, LW and
waters above it flow into the SCS while IW
flushes out in lower layers. However, it is in the
reverse order during the southwesterly mon-
soon. The Kuroshio, being the major current
system in the western Philippine Sea, is the
principal conveyer for these waters. A massive
part of sub-surface waters in the main stream
of the Kuroshio belongs to the more saline LW,
whose salinity maximum, Swmaz, is about 34.9psu
(or higher) to the east of Luzon, while the
salinity minimum, Smi, of IW is about 34.20 —
34.30psu in the same region. In the SCS, how-
ever, usually Smaz~34.60psu and Swmin~34.40psu
(NITANI, 1970). It is these differences making
Smaez and Smin to be handy indexes for discrimi-
nating waters circulated in the SCS from that
immigrated with the Kuroshio stream (CHu,
1972).

For the sake of later illustrations, spatial dis-
tributions of Smer in spring (ORI-311) and sum-
mer (ORI-399) are shown in Figs. 2 and 3,
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Fig. 2. The distribution of Smax (in psu) during ORI 311 from March 8 to 27, 1992.

respec-tively. A common feature, ie. the
tongue-like pattern of isohalines in the Luzon
Strait, is clear in these figures. If the isohaline
which is the closest to the Kuroshio front is
chosen as the outer boundary of the intrusion
water®, then we may infer that waters immi-
grated directly with the Kuroshio could reach
to 1187°E in spring of 1992 but merely to
119.8° E in summer of 1994. Along the rim of
these tongues (in the SCS side) are circulating
waters whose salinity is in between waters in
the Kuroshio and that in the central SCS.
Moreover, the orientation of isohalines in the
Luzon Strait south of 21° N is worth noticing
too; they are nearly meridional in summer, but
mainly latitudinal during spring. This feature,
associated closely with the variation of the
path of the Kuroshio stream, is discussed next.

4. Spatial distribution of current fields
Horizontal distributions of dynamic height

o

Such as the Smax 34.8 psu and 34.9 psu for the cruise
of ORI-311 and ORI-399, respectively, cf. Figs. 2 to
5.

It could extend vertically from the surface down to
deeper layers, say more than 600 db.

The cyclonic flow in the northern SCS possesses a
cold-cored structure, whose circulation sense could
extend vertically to a much deeper layer, say more
than 1500 db (Wang 1986).

o

anomaly, AD, (in dynamic meter)in spring and
summer on 20 db (relative to 800 db), likely
representing geostrophic streamlines in the
surface layer, are shown in Figs. 4 and 5 respec-
tively. The distribution of AD on 150 or 200 db
(likely corresponding to the layer of Smaz in the
SCS) is quite analogous to the surface one in ei-
ther season, so for the sake of brevity it is not
shown. Apparently, there are several common
as well as contrary features between both sea-
sons, a brief of them is reported hereinafter.

The most striking feature is perhaps the
cyclonic flows in the central to northern SCS
(Figs. 4 and 5). The region south or southeast
of Tung-Sha Tao (Pratas Islands) and west of
northern Luzon, over which A D is always
lower than its surroundings, no matter in
spring or summer. This implies the region is oc-
cupied by a nearly-persistent cyclonic system.
Though the feature is absent in WYRTKI's
(1961) flow chart of summer, but consistent
with that reported by SCSIOAS (1985). On the
other hand, the flow pattern northeast of this
region varies greatly with seasons. During the
spring cruise a consistently-northwestward
flow* emerged (Fig. 4) while in summer a pair
of cyclonic® and anti-cyclonic eddies were
found (Fig. 5); these, especially the summer
case, are not in accordance with WYRTKI'S
(1961) charts.
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Fig. 3. The distribution of S,.. (in psu) during ORI 399, from August 28 to September 10, 1994.
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Fig.4. The distribution of AD (in dyn.m) of 20 db with relative to 800 db, during ORI 311, from

March 8 to 27, 1992.

In addition to the features in the SCS, the
flows east of the Luzon Strait are worth special
noticing too. The summer survey shows
streamlines converging along the 121°E merid-
ian (Fig. 5). The convergence zone, whose posi-
tion well matches with that of the salinity front
(Fig. 3), thus marks the main stream of the
Kuroshio in the Luzon Strait. Obviously, this is
a branch of the northward currents flowing

along the east coast of Luzon, i.e. the Kuroshio
in its beginning region (NiTani, 1970). After
passing the Balintang Channel north of Luzon
the branch enters into the Luzon Strait, in
which it interacts with the SCS flows. Are
cyclonic eddies west of the Kuroshio branch
(Fig. 5) the products of the interaction process,
or of whatever, deserve for our studies. Addi-
tionally, another important feature has been
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Fig.5. The distribution of AD (in dyn.m) of 20 db with relative to 800 db, during ORI 399, from

August 28 to September 10, 1994.

revealed by the summer survey too, i.e., the re-
gion east of 122°E and north of 21°N in which
appears the second convergence zone of
streamlines (Fig. 5). Vertical sections of
geostrophic currents along several latitudinal
transects east of Taiwan show that the current
field frequently possesses a multiple core struc-
ture. This particular feature, had been noticed
by CHu (1970), is likely caused by the conflu-
ence of different branches of the Kuroshio and
outflows from the SCS, as suggested in Fig. 5.
The way how the flow pattern shown in Fig.
4 evolves into that in Fig. 5 is an interesting
topic for the SCS regional oceanography.
Hydrographic data collected from ORI cruises
283, 391 and 415 (Table 1) may illuminate some
of ambiguities on the inter-seasonal transition
process. Figs. 6 to 8 present the spatial distribu-
tions of AD on 20 db® as well as Sna.x in the
northeastern SCS in April, May and June, re-
spectively; from which an acute reader may
notice the retrocession sequence of the high sa-
linity Kuroshio intrusion waters from the SCS
to the Pacific since March (cf. Figs. 2, 6, 7a, 8a
and 3). The evolution of the pattern of AD

® The depth of reference level used in Figs. 6 to 8 is
dependent on the maximum depth of CTD casts,
which was not unified during these cruises.

shows that the Kuroshio intrusion waters,
which are associated with the northwestwards
flows on the upper-right portion of Fig. 4, may
be disintegrated into two parts. The eastern
one is a loop-like current pattern which recedes
and returns to the Pacific side of the Luzon
Strait since spring (Figs. 6 and 7), the other
may stay at the region east ¢f Tung-Sha Tao
and south of the Formosa Banks (Fig. 5).
Meanwhile, cyclonic eddies penetrate into the
middle area from the south (Figs. 5 and 7).

5. Implications of sea surface slope

The differences of MMSLs between two op-
posite stations across a stream, A{, had lond
been used for the inference of volume trans-
ports of currents in between (e. g., CHU 1976,
among others). There are two tide stations in
or near the Luzon Strait, i.e. Kao-Hsiung and
Port Irene, their data are appropriate for our
discussions. Additionally, the MMSLs at San
Jose, likely representing the variation of the
sea-level along the eastern coast of the central
SCS, are cited too. Fig. 9 shows the time series
of A¢ between Kao-Hsiung and San Jose (Kao-
Hsiung minus San Jose, A{xs), and that
between Kao-Hsiung and Port Irene (Axs).
However, for unknown reasons, the MMSLs of
1991 summer are unusually higher at Kao-



252 La mer 34, 1996

24 A

Latitude (N)
NN

N
g
1

20

119 120 121 122 123
Longitude (E)

24 A

Latitude (N)
N X

N
-
1

20 { ! T
119 120 121 122 123
Longitude (E)
Fig. 6. The distribution of (a) Smax (in psu, upper
panel), (b) AD (in dyn.m, lower panel) of 20 db

with relative to 600 db, during ORI 415, from
April 4 to 13, 1995.

Hsiung and lower at San Jose than other years,
also there were many missing data in Port
Irene during 1991, so discussions are restricted
on the 1992 and 1993 time series only.

Several factors, e. g. the variation of atmos-
pheric pressure, the bench mark of tide sta-
tions, longshore wind stress and the large scale
currrents, etc, are influential to the magnitude
of MMSL (CHu, 1976). In the Luzon Strait area,
however, the barometric effect may provide a

minor contribution to A{. On the other hand,
the uncertainty of the bench mark of tide sta-
tions can induce only a constant offset which
is irrelevant to the annual variation of A{l.
Therefore, what we present in Fig. 9 are caused
mainly by the joint effects of geostrophy and
wind stress. The time series of A{ «» reveals a
regular annual cycle; it is high from October to
February and low from May to September and
the annual range is about 25~30cm’ (Fig. 9).
However, A{xs possesses an entirely different
structure; it is biannual with both peaks occur
in March to May and in August to September
and with contiguous troughs in June to July
and in October to November, respectively. The
annual range of A{ks is relatively small and
its magnitude merely about 15 cm (Fig. 9). The
annual variation of A{k»is consistent with our
previous knowledges, i.e., water flows are out-
ward from the SCS to the Pacific during sum-
mer and reverse in winter (WYRTK1, 1961; CHU,
1972 : Fan, 1982), but Al«s is rather curious be-
cause of its biannual behavior really beyond
our intuition.

To conceive the causation of the biannual
cycle, we have to inspect the original time se-
ries carefully. The MMSLs of San Jose in 1992
and 1993 are, on the average, lower than those
of the other two stations in August and/or Sep-
tember, but higher in October and/or Novem-
ber, respectively. However, the highest MMSL
shifts to Kao-Hsiung in March to May, and to
Port Irene in June and July. What effects cause
this variation ? Beforehand any speculations,
perhaps we could use the method of empirical
orthogonal decomposition for exploring modal
structures embedded in the time series; for de-
tails one should refer to Kunpu, ALLEN and
SmrtH (1975). Table 2 gives the eigenvalue 2,
the explained variance A»/X A.(in percentage
of total variance) and the three components of
the eigenfunction ¢».(xs) resolved, where the
subscript # denotes mode number, n=1, 3, ¢»
(x:) the normalized eigenfunction of mode 7
and xz; three different tide stations, i.e., x. repre-
sents Kao-Hsiung, z. San Jose and z; Port Irene,
respectively. The time series of amplitudes of
three empirical modes, E»(¢), acquired from the
decompositon is shown in Fig. 10. By definition,
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we have

Li(t) = 23— \E.($)¢,(z:) and
En(t) = 213':]:Ii(t)¢n(‘ri>’

where {z(#) denotes the MMSLs of the tide
station x; (KUNDU et al., 1975).

Obviously, both of modes 1 and 2 are domi-
nated by the annual cycle, only mode 3 is prin-
cipally biannual (Fig. 10). By simple mani-
pulation on the above equations, we have

Mis = X Ea(0)($0(x) ~ dula));

from Table 2, (¢n(x)) — ¢ulx2)) is 0.13, —0.12
and 1.40 for modes 1, 2 and 3, respectively.
Though the energy density of mode 1,ie. 4, is
about 9 and 37 times to that of mode 2 ( A,) and
mode 3 ( 13), after taking square root this pro-
portion (of E,) becomes 1 : 0.33 : 0.16. So their
contribution to Alxs is 1 : —031 : 1.57 for
modes 1, 2 and 3, respectively, which confirms
that AAxs is mainly induced by modes 3 and 1
fluctuations. Similarly, A Axs is caused princi-
pally by modes 2 and 1. Comparing the flow
patterns presented in the last section with the
time series plot of £ in Fig. 10, we may suggest
that the hump of E; in March, 1992 is due to the
fact that Kao-Hsiung was located on the right-
hand side of the northwestward Kuroshio in-
trusion currents, thereby surface elevation of
Kao-Hsiung is relatively higher (Fig. 4). The
other hump, occurred in August or September,
however, was likely due to the geostrophy of

" The magnitude exceeds WYRTKI's (1961) result a
lot.
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the northward currents along the southwest
coast of Taiwan as well as the southeastward
flows from the central SCS into the Sulu Sea
(WYRTKI, 1961) ; both may induce a similar ef-
fect on Aks (Fig. 5).

In addition to the peaks of E,(#), the troughs,
appeared in June and in October, November or
January respectively, are worth noticing too.
The prior one is likely associated with the en-
tirely eastward movement of waters from the
SCS to the Pacific, either by the retrocession of
the Kuroshio intrusion waters in the northern
Luzon Strait® or by the northward extension of
the above-mentioned cyclonic-flow system
from the central SCS to the southern Luzon
Strait (Figs. 6 to 8), the latter is likely associ-
ated with the cessation of winter monsoon and
the later inception and augmentation of sum-
mer monsoon. The posterior one may corre-
spond to the net outward flows from the SCS to
the Pacific through the northern reach of the
Luzon Strait, which is in compensation with
the intrusion of Kuroshio waters on its south.
Recent observations of CHUANG (personal com-
munication) from a moored current meter’
may partially support the latter speculation.
Another interesting point is that the timing of
the occurrence of these troughs matches quite
well with the onset of southwesterly or north-
easterly monsoon respectively. This can not at-
tribute simply to coincidences but might imply

Amplitude of eigen modes of MMSL
for Mode 1to 3

Amplitudes (cm)

12 18 24
Month (from Jan 1992 to Dec 1993)

Fig.10. The time series plot of E,(¢) for all three
eigen modes resolved, from January 1992 to
December 1993.

Table 2. Empirical eigenfunctions for MMSLs
of Kao-Hsiung, San Jose and Port Irene.

Items Mode 1 Mode 2 Mode 3
An(cm?®) 263.3 28.4 7.1

An/Z An 88.1% 9.5% 24%
dn(x) 0.50 0.50 0.71
dn(z) 0.37 0.62 -0.69
dn(zs) 0.79 -0.61 -0.12

the significance of the monsoon driven effects
on the SCS circulations.

6. Discussion and summary

Foregoing investigations reveal quite a com-
plicated flow pattern occurred in the northern
SCS, which is in general not in accordance with
our previous knowledges. Nevertheless, from
them we have identified several dynamically-
active systems, i.e., firstly, the system with
cyclonic flows in the central SCS, which is a
common feature for both the spring and sum-
mer surveys; secondly, the Luzon Strait branch
of Kuroshio and its intrusion motions; and
thirdly, the anti-cyclonic gyre south of For-
mosa Banks as well as its neighbors, the
cyclonic eddies west of the Luzon Strait, found
during the summer cruise. The synoptic-scale
variation of the northern SCS is basically gov-
erned by these systems.

The cyclonic-circulation system is likely a
permanent feature of the central SCS. The
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report of SCSIOAS (1985) had documented the
finding of a seemingly persistent structure, i.e.,
a cold eddy appears at southwest of Tung-Sha
Tao almost all the year round. Based on Fig. 5,
we may suggest that the foregoing two are ac-
tually the same thing. However, not all obser-
vations support this view point; e.g., in the
central SCS, though a cyclonic gyre does pre-
sent in WYRTKr's (1961) current chart of winter
but the position deviates a lot, also it is absent
in other seasons'. L1t and Su (1992) had sug-
gested a nonlinear adevection mechanism, i.e.,
the cyclonic system colud be induced by the
fluxes of positive vorticity from the west flank
of the Kuroshio through the Luzon Strait to the
central SCS. However, during summer the
thermocline in the northeastern SCS is usually
much steeper and shallower than that in the
Kuroshio (cf. N1TaN, 1970). These might imply
upwelling motions are more energetic in the
SCS basin. Could the cyclonic syetem be sim-
ply a manifestation of the latter activity ? This
is an interesting topic deserving for further
studies.

The behavior of the Luzon Strait branch of
Kuroshio (Fig. 5) is of significance to the inter-
action of the South China and western Philip-
pine Seas. Extended southward from the
southern tip of Taiwan is the Heng-Chun
Ridge, a steeply-raised submarine topography.
Geostrophic currents calculated, along meri-
dional transects across the Luzon Strait!!, show
the segment in between 20.5 and 21°N is seem-
ingly a major pathway for surface waters
flushing into or out of the SCS, where the latter
latitude is just near the southernmost sill of the
foregoing ridge. This suggests the importance
of flow-topography interaction on the dynam-
ics of the SCS. With a favorable flow direction,
the Kuroshio branch may interact with the
ridge; inevitably, this will induce many inter-
esting features, e.g, branching of inflows in
front of the ridge (cf. WHITEHEAD 1985) and

* Perhaps in the form of a loop current, as suggested
by L1 and Wu (1989).

* Which shows persistently eastward to southeast-
ward flows occurred from late October of 1994 to
February of 1995, where the location of the current
matter is in the northern Luzon Strait (CHUANG,
1995).

also its influences on the downstream.

The anti-cyclonic eddy south of Formosa
Banks and its counterparts, the cyclonic ones
west of the Luzon Strait (Fig. 5), are unknown
features that have never been well-documented
in literatures hitherto. WanG (1986) had re-
ported the lower layer structure of the cold
eddy southwest of Taiwan, whose cyclonic mo-
tions could extend from the surface down to
1500 db and even below. However, the connec-
tions between this eddy and the cyclonic flows
in the central SCS were unknown during that
time. Now, from Fig. 5, clearly the former is
likely an extension of the latter, but how and
why the latter evolves into a series of eddies re-
mains to be studied.

The circulation of the SCS is governed prin-
cipally by the alternative exertion of northeast-
erly and southwesterly monsoons as well as
the influence from the Kuroshio east of the
Luzon Strait; the latter is also a major provider
of salt, mass, heat and vorticity to the SCS.
This nature has been illuminated by a number
of numerical experiments (e. g. SHAW and CHAO
1994; CHAO, SHAW and WU 1996, among others).
So, intuitively, we may suggest that the evolu-
tion of above-mentioned dynamically-active
systems is driven by these factors too. How-
ever, the flow pattern in the northern SCS, as
emerged from our observations, is far more
complicated than that had ever been derived
from numerical models. This might be attrib-
uted to the coarse resolution or the false usage
of open boundary conditions, especially across
the Luzon Strait, in the numerical calculation.
Recently, a scientific plan on the monitoring of
currents in the Luzon Strait has been shaped
and granted in Taiwan; which anticipates to in-
stall several arrays of current-meters and to
make repeated CTD surveys, in and across the
Luzon Strait, in the following two years. Only
through these efforts can details of the forego-
ing processes be clarified.

In summary, in terms of field hydrographic

' Neither found in numerical model results derived
from climatological data, e.g. SHAW and CHaO
(1994).

" For those cruises shown in Table 1, as well as oth-
ers not cited.



256 La mer 34, 1996

surveys and the MMSLs of coastal tide sta-
tions, we may suggest that the flow pattern of
the northeastern SCS is governed basically by
aforementioned dynamical systems. The less
variant one is likely the cyclonic system lo-
cated at the northern central SCS basin to the
northwest of north Luzon, in which is the cen-
ter of the monsoon-driven cyclonic gyre in win-
ter, but the stem of a series of cyclonic eddies
in summer; the latter then separates the
Kuroshio east of the Luzon Strait and the anti-
cyclonic eddy south of Formosa Banks. After
the onset of winter monsoon, the northern ex-
tension of the cyclonic system withdraws
southwards, meanwhile the Luzon Strait
branch of the Kuroshio penetrates into the
northeastern SCS and the intruded waters, as
well as circulating waters, may develop anti-
cyclonic gyres or eddies in the northern SCS
during winter and spring (WANG and CHERN,
1987a). As the cessation of winter monsoon in
spring, the intruded Kuroshio waters retreat
eastwards and northwards; some of them are
flushed out through the Taiwan Strait by the
northward currents along the west coast of
Taiwan (the Kuroshio branch in the Taiwan
Strait, WANG and CHERN, 1988), the remainder
may form a loop-like flow pattern in the north-
eastern SCS. As time goes by, the aforemen-
tioned cyclonic system, stimulated further by
the inception and augmentation of summer
monsoon, extends northwards continuously.
So, the anti-cyclonic gyre at the northern SCS
breaks; one of it, the loop pattern, migrates to
the Pacific side of the Luzon Strait gradually
(Figs. 6-8), the rest, still in the form of anti-
cyclonic motions but having a much reduced
size, resides at the south of Formosa Banks in
summer; the space left is then replaced by
cyclonic eddies penetrated from the central
SCS (Fig. 5). Obviously, the scenario is quite
different from that presented by WYRTKI'S
(1961) flow chart; so far many aspects are pre-
liminary and some of them still obscure, all of
these deserve for further studies in the future.
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