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This review covers the discovery and studies of the year-round northeastward cur-
rents off the southeastern China coast, paying special attention to its upwind charac-
teristic in winter, mainly focusing on work by Chinese oceanographers. This current
system is a prominent and unique phenomenon in the shelf circulation of the world
ocean. The general features of the current system are summarized. The evidence for
the existence and the variation of the three parts of the currents—the South China
Sea Warm Current, the Taiwan Strait Warm Current and the Taiwan Warm Cur-
rent—are separately elucidated. The formation mechanisms of the current as a whole
are explained using dynamic analysis and numerical simulation results. Some sugges-

tions for further studies are also made.

1. Introduction

The continental shelf southeast of China is one of
the widest shelves in the world ocean (Fig. [). It consists
of the northern South China Sea (SCS) shelf, the Taiwan
Strait (TS) and the Southern East China Sea (ECS) shelf.
Monsoon prevails over this region, with a stronger north-
east wind in winter and a weaker southwest wind in sum-
mer. Concerning the winter current pattern off the south-
eastern China coast, both Chinese and foreign oceanog-
raphers (e.g., Uda, 1931; Kwan, 1957; Wyrtki, 1961; Uda
and Nakao, 1974) believed unanimously for years that
the intense forcing of northeast wind causes the currents
from the surface to lower layers all to follow the wind,
that is, they flow from NE to SW. The northeastward
Winter Counter-wind Currents (WCWC) off the south-
eastern China coast were initially discovered during the
Chinese Nationwide Comprehensive Oceanographic Sur-
vey (1958-1960), from the measured current data obtained
from anchored stations and hydrographic characteristic
analysis (Guan and Chen, 1964). These currents are |o-
cated closely adjacent to and on the seaward side of the
downwind coastal current (China Coastal Current) and
flow toward the NE throughout the year. Therefore, they

* Corresponding author. E-mail: fanggh@fio.org.cn
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appear to be counter-wind in winter and downwind in
summer.

Through nearly 40 years of efforts by Chinese oce-
anic organizations and scientists (including the investi-
gation of Taiwan scientists on circulation around Taiwan,
especially on the eastern part of the Taiwan Strait), these
currents have been gradually recognized. Guan (1986)
proposed that the WCWC originates from the offshore
area east of the Hainan Island, flows over the shelf-stope
region of the northern SCS. passes through the TS and
finally enters the southwestern part of the ECS. These
currents, successively from SW to NE, consist of three
components, namely the South China Sea Warm Current
(SCSWCQC), the Taiwan Strait Warm Current (TSWC) and
the Taiwan Warm Current (TWC). The SCSWC and the
TWC were initially proposed as independent currents in
the SCS and ECS respectively (Guan and Chen, 1964).
and afterwards, considering their relations with the cur-
rent in the TS and emphasizing their counter-wind char-
acteristic in winter, these three currents as a whole were
named the WCWC off the southeastern China coast (Guan
et al., 1964, manuscript). Though the presently available
observations cannot yet provide a perfect composite pic-
ture to show that these three parts of the currents are well-
connected to each other, we will still hypothetically con-
sider them as a current system below, as Guan et al. (1964,
manuscript) did.
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On the west side of the western boundary currents in
the world ocean, only the offshore arca of China has a
broad continental shelf. so this counter-wind current sys-
tem is also a prominent, unigue phenomenon in the shelf
circulation of the world ocean. In1erms of the annul mean,
it is a part of the Taiwan-Txushima-Tsugary Warm Cur-
rent System (Fang ¢7 af., 1991) and of the Hainan-Tai-
wan-Tsushima-Tsuparu Warm Current System (Li ef «/.,
1992, Li and Zeng. 1994), or a part of “'the Inshore Branch
of the North Pacttic Westlern Boundary Current™, as re-
cently proposed by Fang.

Since the studies concerning these counter-wind cur-
rents were mainly carried out by Chinese scientists on
both sides of the TS and those in the United States, the
present review chicfly sammarizes 1the work done by
Chinese oceanographers,

2. General Features of the Currents

In the open hterature, the concept of the exisience
of this carrent system was hirst suagested by Gaun and
Mao (1982) at the “China-Japan Ocean Study Sympo-
sium™ (1981) and soon thereafier by Guan (1984) at the
“JECSS [I Workshop™ (1983). The exislence of this cur-
rent system in summer is beyond doubl, therefore only
the evidence for this current system in winter was som-

B Guan and G. Fang

a. Depth conlours are 1n meters

marized by Guan (1986). as shown in [ig 2.

[n1he fiaure, the solid vectors show 1he residua) cur-
rents (24-hour means) at 10 m depth in winter (NDIJFM)
in the offshore area of Guangdong, the western TS and
the oftshore area east of Zhejiang. Most of these current
measurements were made duriag 1958-1960. 1970-1973,
1977-1978 and 1982. The open vectors are the curreni
veclors derived from ship-drift dary 1n February in the
period 1910-1921 reproduced from the “Mereoralogical
and Ocean Current Chares in the Adjacent Sea of Japan™
(JHO. 1923) [t can be readily seen that the water in the
offshore region extending from northeast of Hainan [s-
land, through the TS and 10 the Changjiang River estuary
flows neariy consisiently 1owards the NE in winter. i.¢.,
against the NE monsoon The vertica! structures of the
resigdual current velocily at day-night anchored and inoor-
ing stations A, B, C, D and E located in the near-shore
regions east of Zhepiang, Quanzhou. Shantou and Hainan,
and in the deep-water area southeast ol Shantou (see Fig.
2 tor station locations), respectively, are shown in Fig. 3.
We can see from the figure that, except for the surface
layer al individual siations. where the drift current in-
duced by the northerly wind may previili, current direc-
tions tn the entire columa at these five stalions are basi-
cally the same, i.e toward the NE Oa the basis of the
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Fig. 2. Observanon resulls ol the cucrent in winler of( the south-
eastern China coast (atter Guan, 1986).

current observations available al the time, Guan believed
that the distribution of the residual currents shown in Fig.
2 was representalive of the current condition not only at
10 m depth but also below this depth in these areas, and
thus proposed the existence of the WCWC

The TS is the key region (like a "throat™) of this cur-
rent system. The question whether there is a net north-
ward flux from the SCS through the TS te the ECS under
the intluence of strong and persistent NE monsoon in
winter has not yet been entirely resolved. A few long pe-
riod current measurements at mooring slations in the east
part of the TS showed that, as a whole. monthly und sea-
sonal mean currents, even in NE monsoon period, were
northward, although flow reversals were often observed
when the NE monsoon winds blew for a period of time
{Chuang, 1985, 1986; Wang and Chern. 1988, 1989; Ko
et al., 2003). We therefore tend to believe that the coun-
ter-wind curcentexists in the TS which connects the coun-
ter-wind current in the SCS and that in the ECS (Dongping
Wang, 1983, personal communication) for most of the NE
monsoon period, though the connection may be inter-
rupted by flow reversals when cold air fronts pass over
this area. In contrast. on the basis of their recent numeri-
cal results Wu and Hsin (2005) emphasized that the trans-
perts in the TS could be toward the southwest in fall and
winter.

Since the end of the 1980°s a number of studies, in-
cluding an analytical study (Fang and Zhao, 1988) and
numerical simulations (e.g.., Su and Wang, 1987, Li ¢/
al., 1992 1993; Cai and Wang, 1997), have supported
the exislence of the WCWC off the southeastern China
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Fig. 3 Verucal structures of the residual current al some day-
might anchored and mooring stations im winter off the south-
east coast of China (afler Guan, 1986).
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40" N

Fig. 4. Schematic representation of the major current sysiems
in winter in the China Seas and adjacent area (after Guan,
1993).

coast. Simultaneously, the formation mechanism of the
current system has been elucidaied to a certain degree
(e.g. Fang and Zhao, 1988). Guan (1993) was encouraged
and suggested a hypothetical schematic representation of
the major current systems in winter in the China Seas and
adjacent area. as shown in Fig. 4. The northeastward
WCWC is evidenily displayed on the seaward side of the

Winier Countec-wind Cuorrerts Southeast of China 3
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Fig. 5. Residual current vectors at 10 m deprh observed in win-
1er of 1the periods 195916960 and 1971-1973 (after Guan,
1978b)

southwestward ECS coastal current (ECSCC) and the SCS
coastal current (SCSCC) i winter.

3.  Evidence for Existence and Variation of the Three
Parts of the Counter-wind Current System

31 The SCSWC

The SCSWC, originally named by Guan and Chen
(1964) because ol 11s warm characleristics in winter, ap-
pears in the coastal area east of (16°E, the shelf-break
7one and deep area of the northern SCS, and is guided by
the bottom topography. It always flows from SW toward
the TS, even against the northeast monsoon wind.

Figure S shows the residual current vectors at the 10
m depth in winter (NDJEM) in the periods 1958-1960
(thin arrows, observed in the Chinese Nation-wide Com-
prehensive Survey) and 1971-1973 (thick arrows, ob-
served by the SCS Branch (SCSB), State Oceanwc Ad-
ministration (SOA)). with solid arrows indicaling the east-
ward currents and dolled ones the westward currents, re-
spectively. The Roman and Arabic numerals atlached to
the arrows are the observation months and the observed
current speeds in cnV/s, respectively. The open arrows are
the geostrophic currents computed on the basis of the
hydrographic data from the Cooperative Study of the
Kuroshio and Adjacent Region (CSK) in winter of 1966-
1968,

The figure shows that a southwesiward current, called
Ihe Guangdong Coastal Cuarrent {GCC), dominated the
near-shore area from wesr of 116°E to the northeastern
lip ot the Hainan Island. Farther seaward a narrow zone
of northeastward current existed, called the SCSWC
{Guan and Chen, 1964; Guan. 19784, b), flowing from
the northeast of Hainan Island (o the coastal area off east-

4 B Guan and G Fang

(08'E 10"

Fig 6. Geostrophtc current in the notthern SCS at 10 m Jepth
bascd on CSK data in Jan. 1968 (after Guan, 197840,

19" N

110°LE n2" 14* N6‘E

Fig. 7. Density {6) distribunon at 100 m depth in the narthern
SCS, Jaun. 6-14, 1968 (after Guan, 1978a). The onshore hand
of incrcasing densily is indicaled by a shaded sane. which
corresponds 10 the northeasiward SCSWC

ern Guangdong. The velocity of the SCSWC increased
from west (~20 cm/s) (o east (~30 cm/s), but way weaker
in between (<10 em/s). A zone of southwestward current
existed further seaward, with another northeasiward cor-
rent1he next butone 1o it. Therefore, the winter flow pat-
tern in the northern SCS has a band-like struciure, with a
narrow, strong northeastward current as the major com-
ponent. This tlow pattern, revealed mainly from the cur-
rent measurements. roughty agreed with that of the
geostrophic current in the northern SCS ut 10 m depih
based on 1be CSK hydrographic data in January 1968, as
shown i Fig. 6. The highest computed geostrophic cur-
rent velocity imight reach 170 cm/s or more. and thus was
considered by Guan (1978a) 10 be Lhe stream axis of the
SCSWC.
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In terms of water properties, Lhe stream axis of the
northeastward SCSWC corresponded to a strong positive
(negative) onshore gradient zone of the waler density
(temperature) distribution at 100 m depth. as shown in
Fig. 7 (Guan 1978a; SCSIO. 1985; SCSB. 1990). A pro-
nounced northwestward and up-sloping inclination of the
isotherms over the inner continental slope indicated a
strong northeastward current flowing through the NW-
SE oriented section off Shantou on Jan. 7. 1968 (Fig. &(a))
and through the section off Shanwei on Feb. 23-24, 1967
(Fig. 8(b)), respectively. In the latter case, the computed
volume transport {VT) of the northeastward SCSWC be-
tween statiens 3114 and 3117 amounted 10 5.7 Sv (I Sv =
L x 10°m%s), which Guan (1978a, 2002} proposed to be
the net magnitude of the total VT of the northeastward
current minus that associaled with the warm eddy at its
right-hand side between stations 3113 and 3114, [t was
suggested that the convergence of the isobaths there (Guan
and Chen, [964; SCSIO. 1985; Su. 2003; also see Fig. 1)
and the easiward downstream increment of the VT of the
SCSWC (SCSI0, 1985, Zhong. 1990) might be possible
causes of the large VT of the SCSWC southeast of
Shanwel.

[n addition, on the basis of monthly hydrographic
observations Guan {(1986) showed that the northeastward
component of the geostrophic current with an average
speed ca. 30 cm/s appeared through two parallel-spaced
sections southeast of Hainan Island 1o the Xisha and
Zhongsha Islands, respectively, iIn most months from April
1975 through December 1976, except for May and Ac-
gust 1976 at one section. From these observations, Guan
( 1986) proposed that the winter counter-wind current ex-

18 ) )

Fig. 9. Sea surface dynamic lopography relative 1o 300 db sur-
face (dyn mm)in Dec. 1981-Jan. 1982 (after SCSIQ. 1985,
Guo er al., 1985).

isted in the area southeast of Hainan, and regarded this
area as the originating area of the SCSWC.

The “Dynamic Experiments of the SCSWC” (198 1-
1982) by the SCS Institute of Oceanography (SCSIO).
Chinese Academy of Sciences consisted of a series of
hydrographic observations along several sections and
maooring current measurernents at a station. The existence
of the SCSWC was further confirmed by experiment, Fig-
ure 9 shows the sea surface dynamic ltopography (rela-
tive 10 500 db surface in dyo. mm) in Dec. [981-Jan.
1982 in the open sea off Guangdong. Evidently. north of
Dongsha Islands the geostrophic current flowed
northeastward; this is the SCSWC: while south of

Winter Counter-wind Currents Southeast of China S
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Dongsha Islands the geostrophic current flowed south-
westward, which was called “the SCS Branch of
Kuroshio” (SCSBK) by SCSIO (1985) and Guo et al.
(1985). This current was also called the “Dongsha Cur-
rent” by Su (1998), and Fang et al. (2005) regarded it as
the combination of the winter SCS branch of the Pacific
to Indian Ocean throughflow and the SCS interior cyclonic
gyre. Figure 10 shows the geostrophic current velocity
(cm/s) distribution at sections southeast of Chuanshan
Islands (a), Zhujiang River mouth (b), Jieshiwan Bay (c)
and Shantou (d), respectively, in the same period as above.
The positive (negative) velocity core over the inner (outer)
side of the continental slope indicates the axis of the
northeastward (southwestward) flowing SCSWC
(SCSBK) in winter. Furthermore, Figs. 10(b) and (d) show
that the maximum surface velocity of the SCSWC at the
sections off Zhujiang River mouth and Shantou reached
50 cm/s or more. The computed results of the geostrophic
current velocity (cm/s), width (n. mile) and VT (Sv) of
the SCSWC at each section shown in Fig. 11 reveal that
its VT increased eastward from 2 Sv to 5 Sv, the latter

6 B. Guan and G. Fang

VT magnitude (5 Sv) approximately agrees with that (5.7
Sv) computed over the section southeast of Shanwei in
Feb. 1967 as described above, and with that (4.2 Sv) com-
puted by numerical model over the section southeast of
Shantou (Xue ef al., 2001).

At the same time, a mooring station (No. 607, lo-
cated at a water depth ca. 1000 m southeast of Shantou)
recorded continuous current data for 7 days (Feb. 20-27,
1982). The measurement results showed that, though un-
der the influence of an intense northeast wind, the cur-
rent direction was basically stable, varying between N-
ENE from the sea surface to 800 m depth. i.e., the pre-
vailing current direction in the whole water column was
consistently toward the NE. The largest solid arrow south-
east of Shantou depicted in Fig. 2 represents the resultant
current of this measurement. The observed mean speeds
at 10, 50, 100, 200, 300, 500 and 800 m depths were 35,
40, 35, 15, 20, 10 and 4 cm/s respectively (see Fig. 3,
station E). Comparison of the speeds between the
abovementioned measured current (O) and the mean
geostrophic current (@) computed in the neighboring
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hydrographic stations indicates that, though the latter is
slightly less than the former, they agree fairly well with
each other, as shown in Fig. 12 (SCSIO, 1985; Guoeral.,
1985). This suggests that the baroclinic current is the main
component of the winter current field. That is, the
geostrophic current is representative of circulation in the
deep area of the northeastern SCS (Guan, 1985).

Using the [0-year (1975-1984) hydrographic sec-
tional survey of the northern SCS shelf region and adja-
cent waters conducted by the SCS Branch, SOA, Zhong
(1990) systematically studied the structure of density cur-
rent, including the SCSWC. The study suggested that the
SCSWC is a continuation of the SCSBK, that is, the west-
ward flowing SCSBK turned to the northeast in the re-
gion west of 114°E owing to the blocking effect of the
shelf break, and formed the SCSWC. This point of view
agreed with the results of a barotropic numerical experi-
ment conducted by Ma (1987). As regards the position of
the stream axis of the SCSWC, Zhong (1990) indicated
that the axis was not located at the same place, but was
relatively stable with small inter-annual variation. The
N-S displacement was less than 90 nautical miles during
the 10-year observational period. Its stream axis was
nearly along the WSW-ENE trend. In summer, the
SCSWC was located in the shelf region roughly along
the 100 m isobath, while in winter it flowed from the
southeast of Hainan Island toward the northeast against
the wind, roughly along the 500 m isobath. The mean
position of the SCSWC axis basically deviated southward
in winter and northward in summer, with a Jatitudinal rang
of about 0.3°~0.8°. In spring it gradually moved from its
winter position toward the north; and in autumn, it gradu-
ally moved from its summer position toward the south
(Zhong, 1990). Figures 13(a) and (b) show the maximum
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Fig. 12. Comparison between measured current and geostrophic
current (after SCSIO, 1985; Guo et al., 1985).

geostrophic current velocity, maximum and mean VT of
the SCSWC through 7 meridional sections with 1° sepa-
ration from 111°~117° in summer (a) and winter (b) dur-
ing the 10 years of observation, respectively. Owing to
the large distance between each pair of neighboring sta-
tions and other causes, Zhong (1990) indicated that the
calculated geostrophic current velocity and VT should be
smaller than the actual values. For comparison between
the SCSWC and SCSBK, the corresponding velocity and
VT of the SCSBK are displayed in Figs. 13(c¢) and (d).
These figures clearly show that the zonal distributions of
the VTs of both the SCSWC and SCSBK in winter and
summer all revealed an eastward increasing trend. These
two currents are in opposite directions, so the variations
of their VTs appeared to be negatively correlated. That is
to say, the VT of the SCSWC increased downstream (east-
ward), while that of the SCSBK decreased downstream
(westward). This suggests that in the course of westward
flow, the SCSBK constantly deflected northward and
transferred water mass to the SCSWC. In addition, it is
worth noting that in winter the region (~115°E) where
the mean VT of the SCSBK (about 4 Sv) decreased most
rapidly is just the region (~115°E) where the mean VT of
the SCSWC (about 2 Sv) increased most rapidly. This
suggests that the water mass of the SCSWC in winter
derives mainly from the contribution of the SCSBK. Based
on his analysis of the 10-year survey data, Zhong (1990)
concluded that the SCSWC existed all the year round,
and together with the SCSBK and GCC, constituted the
major current systems of the northern SCS.

Recent studies provide further observational evi-
dence for the SCSWC, examples being: 1) Current ob-
servation at a mooring station in the sea region of water

Winter Counter-wind Currents Southeast of China 7
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winter, respectively (after Zhong, 1990).

depth 320 m southeast of Hong Kong during the winter
(JF) of 1989 showed that the slope region could occa-
sionally be governed by the northeastward flowing
SCSWC, the measured maximum current speed exceeded
80 cm/s (Fang et al., 1995, or see figure 2-42 of Guan,
2002). 2) Hydrographic survey in March, 1992 revealed
that during the weakening period of the northeastern
monsoon, a shelf-slope front existed along the shelf break
of the northeastern SCS, indicating a northeastward
baroclinic current flowing along the front. The position
of the front coincided with the SCSWC (Li, 1996).
3) Using TOPEX/POSEIDON altimetry remote sensing
products from 1992 through 1996, Li er al. (2000b)
showed that, in the sense of multiyear mean, in winter
the SCSWC only exists in the sea area east of Shantou,
but in summer, the predominant current in the northern
SCS is northeastward, that is, the SCSWC is strength-
ened there.

The VT of the SCSWC in winter increased eastward,
and in the open sea southeast of Shantou or Shanwei it
amounted to about 5 Sv or more (Guo et al., 1985; Guan,
2002). A number of studies (e.g. Li et al., 1993; Huang ez
al., 1994; Fang et al., 1996; Fang et al., 1998; Xue et al.,
2001, 2004) showed that only a small part of the SCSWC
water can flow into the TS and most of it will rejoin the
loop current southwest of Taiwan and further the
Kuroshio.

Since the discovery of the SCSWC about 40 years
ago, many subsequent studies have reaffirmed its exist-
ence as a consistent northeastward current in the north-
ern SCS. Besides the abovementioned reports of the

B. Guan and G. Fang

SCSIO (1985) and SCSB (1990), this current has been
reported by Su et al. (1990), Li et al. (1993), Su (1998),
Hu et al. (2000), Su (2003), etc. The SCSWC has also
been depicted in the diagrams of the circulation patterns
of the SCS and adjacent waters in a number of papers,
such as SCSIO (1985), Su and Wang (1987), SCSB
(1990), Su et al. (1990), Su (1998), Fang et al. (1998),
Hu et al. (2000), etc.

As Chao er al. (1995) pointed out, the appearance of
the northeastward warm current off the southern coast of
China (i.e., SCSWC) in winter against gale force winds
is well documented but lacks a plausible explanation.

The SCSWC has been reproduced by a number of
numerical models since the late 1980’s (e.g., Zeng et al.,
1985, 1989, 1992; Ma, 1987; Su and Wang, 1987; Li et
al., 1993; Liu and Su, 1993; Li and Zeng, 1994; Ye, 1994,
Chao er al., 1995; Fang, 1995; Fang et al., 1996, 2001,
Yuan and Deng, 1996, 1998; Cai and Wang, 1997; Takano
et al., 1998; Wang et al., 2001; Xue er al., 2001, 2004,
Zhai et al., 2004; Hsueh and Zhong, 2004; etc.). The
model and driving forcing used by the abovementioned
authors are different, which in turn raised a variety of
explanations for the formation mechanism as well as the
origin, path and variation of the SCSWC (Guan, 1998).
Obviously, no agreement has yet been reached about the
mechanism of SCSWC formation (Guan, 1998; Hu et al.,
2000). For example, Su (2003) summarized several
favorable mechanisms: |) the surface elevation field im-
pressed by the Kuroshio, which may be the main driving
force for the SCSWC (Su and Wang, 1987, Su, 1998,
2001, 2003); 2) an anticyclonic eddy between Dongsha
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Fig. 14. Sea surface elevation superimposed on the barotropic velocity from the Asian marginal seas model under the effect of
NE wind (wind stress 0.8 N/m?2) near the coast (from Hsueh and Zhong, 2004).

Islands and the area southwest of Taiwan, when present;
3) the summer monsoon; 4) the sea-level set up against
Hainan Island due to the winter monsoon; and 5) peri-
odic relaxation of the northeasterly winds associated with
weather events (Chao ef al., 1995). In addition, Zhai et
al. (2004) proposed that the anticyclonic wind stress curl
in the northernmost SCS in winter could generate the
SCSWC.

Hsueh (2001) and Hsueh and Zhong (2004) recently
presented a theoretical explanation for the formation of
SCSWC. They showed that the imposed pressure along
the continental shelf break is shown, in accordance with
the arrested topographic wave (ATW) theory, to generate
a steady-state flow that resembles the SCSWC, as a shelf-
break jet, flowing northeastward year-round along the
outer continental shelf off the southern coast of China
(Fig. 14). The requisite shelf-break pressure distribution
arises from the collision with the continental slope near
Dongsha Islands, of the Kuroshio that has intruded into
the SCS through the southern part of the Luzon Strait. In
view of this mechanism, they named the SCSWC the pres-
sure-driven SCSWC.

Xue et al. (2001, 2004) used the Princeton Ocean
Model (POM) to study the circulation in the SCS and its
seasonal transition. Their simulation results showed that
the SCSWC appears from December to February on the
seaward side of the shelf break, flowing eastward against
the prevailing wind. Their diagnosis revealed that the
onshore Ekman transport due to the northeasterly
monsoon generates upwelling when moving upslope, and
the particular distribution of the density and sea level (i.e.,
both the baroclinic and barotropic pressure gradients)
associated with the cross-shelf motion supports the for-

mation of the SCSWC. In addition, their model results
showed that eastward flows exist year around near the
shelf break in the northern SCS.

The numerical simulations of the SCSWC conducted
so far generally used ideal or climatological wind stresses,
and thus the interannual variation has not been modeled.
[t is worth noting that the comparison with the observa-
tion results obtained by Guan and Chen (1964), Guan
(1978a, 1978b, 1985), Guo et al. (1985) and Zhong (1990)
shows that, though the SCSWC exists throughout the year,
it is spatially and temporally variable with significant
annual and interannual variations.

Besides the above investigations, the following dif-
ferent points of view on the existence and the origin of
the SCSWC are worth mentioning here. Chao et al. (1995)
proposed that the SCSWC is possibly caused by relaxa-
tion of the northeasterly wind, implying that the SCSWC
possibly does not exist when normal winter wind is
present, as their model output showed. The figures of Fang
et al. (1996; see Fig. 30 of the present review) and Fang
et al. (1998, Fig. 10(a)) indicated that in winter the
SCSWC as a mean current can only appear off the east-
ern Guangdong coast. Li et al. (2000b) showed that the
SCSWC is present only east of Shantou. The model of
Zhai et al. (2004) produced a similar mean current pat-
tern to that of Fang et al. (1996).

3.2 The TSWC

The northward flow through the TS is called the
TSWC. Of course, it is downwind in summer and upwind
in winter. Figure 15 from Guan (2002) displays the cur-
rent vectors in the TS and the near-shore region off Fujian
and Zhejiang in summer (JJA, Fig. 15a) and in winter

Winter Counter-wind Currents Southeast of China 9
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Fig. 15. Current vectors in the TS and the coastal region off Fujian and Zhejiang in summer (JJA, a) and winter (DJF, b) at 20 m

depth (after Guan, 2002).

(DJF, Fig. 15b) at 20 m depth, respectively. The vectors
in the western TS are residual currents averaged on a
0.5° % 0.5° grid on the basis of day-night anchored obser-
vations in the period 1958-1985 (Guan, 1995). It is worth
mentioning here that the current data obtained from day-
night anchored stations are generally representative of the
state under relatively calm weather conditions. Those in
the eastern TS are the long-term averaged currents ob-
tained from two mooring stations, marked P and H re-
spectively, in the period 1983-1988 (Chuang, 1986; Wang
and Chern, 1989), of which the vector at station P indi-
cates the current observed at 80 m depth (Chuang, 1986).
The numerals attached to the short arrows denote the
speed in cm/s, and the long stream lines indicate the flow
trend. Evidently, in summer the currents both in the west-
ern and eastern TS were altogether toward the northeast,
i.e., unidirectional, with high speed from the SCS to the
ECS. In the western TS, the northeastward current with
maximum velocity over 40 cm/s flowed along the coast
of the Mainland of China; this is the SCSWC (with the
GCC at its left-hand side) and its extension (Hu and Liu,
1992). The flow pattern clearly demonstrates that the
SCSWC off eastern Guangdong is connected through the
TS with the TWC off Fujian and Zhejiang. In winter, the
current pattern in the northwestern TS became compli-
cated and irregular due to the presence of the southwest-
ward flowing Fujian-Zhejiang Coastal Current (FZCC)
induced by the winter monsoon (although even in the in-
shore region north of 25°N the low-speed currents still
flowed northeastward), while the SCSWC off eastern
Guangdong with maximum speed about 45 cm/s was
blocked by the FZCC north of 24°N and could not follow
its path as in summer.

It should be pointed out that, as shown in Fig. 15,
both in summer and winter, it was from the coastal re-
gion off eastern Guangdong and southern Fujian that the
SCSWC flowed into the TS and moved northward. A

10 B. Guan and G. Fang

Temperature

front

e

Fig. 16. Satellite remote sensed SST (°C) distribution in the
TS from NOAA AVHRR, Jan. 27, 1992 (after Li et al.,
2000a).

rough estimate indicates that the northeastward VT of the
SCSWC in winter west of 118°E and south of 24°N is
about | Sv. This raises the question of where this part of
the water goes when it meets the southwestward flowing
FZCC around 24°N. Due to a lack of current measure-
ments east of 118°E, we can only conjecture some possi-
ble paths of the SCSWC beyond this region in the TS.
First, except for the period of extremely intense and per-
sistent northerly wind, its major portion would probably
follow the inertia to flow northeastward, roughly along
the central line of the TS by the east side of the FZCC,
gradually deflecting rightward because of the bottom to-
pography (also see Hu et al., 1990). As evidence for this
conjecture, Fig. 16 shows a typical SST distribution in
the TS in winter (Jan. 27, 1992). It can be clearly seen
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Fig. 17. Current vectors in the TS and the coastal region off
Fujian and Zhejiang in winter (DJF) at the bottom layer
(after Guan, 2002; data source as that of Fig. 15).

that a deformed oceanic front with maximum tempera-
ture gradient (17°-19°C) appeared broadly along the cen-
tral line of the TS (Li et al., 2000a). In the western TS, it
separated the colder and less saline Fujian-Zhejiang
coastal water to the north from the warmer and more sa-
line SCS water to the south. This pattern shows that the
SCSWC off eastern Guangdong is likely to flow approxi-
mately along this front, that is, ENE-ward and then NNE-
ward, extending to the northern TS. Second, analysis of
the historical data by Su and Wang (1987) showed that
two northward currents existed seemingly throughout the
year: the SCSWC near the shelf break off the Guangdong
coast and the northward current at the submarine canyon
in the TS. They believed that the latter was likely the ex-
tension of the former, guided by the continental slope.
Therefore, the southern flank of the SCSWC might de-
flect southeastward, then turn to the northeast and enter
the Penghu Channel, resulting in the northward current
as the vector at station P shows (Fig. 15b). However, Wang
and Chern (1996) found that salinity in the southern TS
increased in winter and suggested that the water in the
Penghu Channel was mainly from the Kuroshio water,
which intrudes from the Philippine Sea into the SCS.
Therefore, there is still controversy over this path.
Although the SCSWC off eastern Guangdong was
blocked by the southwestward flowing FZCC at the up-
per layer in winter, it still flowed northeastward at the
bottom layer with a maximum speed of about 28 cm/s off
eastern Guangdong, 13 cm/s off southern and mid-Fujian
and 9 cm/s off northern Fujian and southern Zhejiang,
respectively, as shown in Fig. 17. This indicates that, not-
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Fig. 18. Distributions of temperature (a and b) and salinity (¢
and d) on two zonal sections in January 1984 (after FIO,
1988). The left panels are for the section at 25.5°N from
120° to 121°E; the right panels for the section at 24.5°N
from 118°45" to 120°E.

withstanding the impacts of the northerly wind and the
FZCC, the SCSWC and its extension penetrated the west-
ern TS from the northeastern SCS to the southwestern
ECS at the lower layers; in addition, the bottom currents
in the eastern TS also flowed north or northeastward (Fig.
17).

Furthermore, the trajectories of sea-bed drifters re-
leased in the TS and the near-shore region off Fujian and
Zhejiang during 1984-1988 also revealed that the near-
bottom currents were relatively stable. The majority of
the drifters moved northeastward all the year round, with
speeds greater in spring and summer, and smaller in au-
tumn and winter (Zhang et al., 1992). In addition, the tem-
perature inversion layer can often be observed in the
northwest Taiwan Strait in the northeast monsoon season
(Chen, 1992). Figure 18 shows temperature and salinity
distribution in January 1984 on two zonal sections at lati-
tudes of 25.5°N and 24.5°N, respectively (FIO, 1988).
The temperature inversion can clearly be seen in the lower
western part of the sections. The appearance of the inver-
sion layer indicates that in winter the SCSWC along east-
ern Guangdong moves northward through the lower lay-
ers of the western TS to connect with the TWC along the
coast of eastern Fujian and Zhejiang (Guan, 1999).

The abovementioned observational results thus sup-

Winter Counter-wind Currents Southeast of China 11



ported the conjecture suggested about 40 years ago that
the counter-wind current may also exist at subsurface and
bottom layers in the TS in winter (Guan ez al., 1964, manu-
script).

As to the prevailing currents in the eastern TS, the
results of long-term current measurements from mooring
stations have confidently confirmed that the north or
northeastward currents existed not only in summer but
also in winter, as indicated by two current vectors labeled
H and P in Figs. |5 and 7. These two vectors are drawn
on the basis of measurements carried out by Wang and
Chern (1989) for the northeastern TS and Chuang (1986)

ngcm a ngcm/s b /
//r////// & ////// 24

7
month month

Fig. 19. Monthly averaged (July 1984-Mar. 1988) current vec-
tors from a mooring station off Hsinchu. at 10-20 m depth
(a) and 45-55 m depth (b) (after Wang and Chern, 1989).
The location of the mooring station is indicated by H in
Figs. 15 and 17.

for the southeastern TS, respectively. The time series plots
of the measured currents are shown in Figs. 19 and 20,
respectively. However, there is some argument about the
source of this northward current in winter. The key prob-
lem is whether there is a through-channel Kuroshio branch
in the TS during winter. One school of thought consid-
ered that, due to the presence of a nearly E-W aligned
frontal zone in the central part of the TS in winter, the
waters on the south and north side of the front were sepa-
rated and the colder and fresher water present off Hsinchu
was generally from the coastal area off Fujian; only when
the northeast wind weakened or stopped, could the warm
Kuroshio water from the south of the front intrude here
intermittently. Therefore, a through-channel Kuroshio
branch does not exist in the TS during most of winter
days (Wang and Chern, 1988). Another school of thought
considered that, though in the period when the northeast
monsoon prevails, a front presents in the TS, but even if
only a small amount of the branching Kuroshio water is
able to flow northward, it can still cause a significant
current within the TS due to its shallowness. Therefore,
the mean flow in the eastern TS may originate from
branching of the Kuroshio through the Luzon Strait
(Chuang, 1985).
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Fig. 20. Stick diagram of low-pass time series of the wind and current from a mooring station near the head of the Penghu
Channel from March 11 1o July 17, 1984 (after Chuang, 1986). The current meter was at 80 m depth. The location of the

mooring station is indicated by P in Figs. 15 and 17.
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Liang et al. (2003) recently presented the results of
current measurements around Taiwan with shipboard
Acoustic Doppler Current Profilers during 1991-2000.
The composite current velocity vectors at 30 m depth
under southwesterly and northeasterly monsoons respec-
tively are redrawn and shown in Fig. 21. Liang et al.
(2003) believed that currents in the TS flowed primarily
in a northward direction, except for the area near the coast
of Mainland China; the current velocity was weaker dur-
ing the northeasterly monsoon than during the southwest-
erly monsoon, but the flow was always northeastward.
The current data in Fig. 21 were sparse in the box 22°—
24°N, [17°=119°E. It can be imagined that if we com-
bine Fig. 21 with Figs. |5 and |7, the current velocity
vectors in the region 22°-24°N, 116°-1[8°E (it is the re-
gion of the SCSWC off eastern Guangdong) of Figs. 15
and 17 can fill the blank in data in the region bounded
nearly by 22°~24°N, 117°~119°E in Fig. 21. Thus we can
further confirm that the currents in the TS flow primarily
in a northward direction in both southwesterly and north-
easterly monsoon periods. except in the coastal region of
Mainland China north of 24°N, where the FZCC flows
southwestward in the northeasterly monsoon period. Of
course, this is also in the sense of the seasonal mean con-
dition.

It is also found from Fig. 21 that the currents south-
west of Taiwan flowed mainly east and southeastward
around the southernmost tip of Taiwan and near the north-
west edge of the loop current, eventually exiting from
the SCS. This flow pattern agrees well with the numeri-
cal simulation results of Suand Wang (1987), Zeng et al.
(1992), Li et al. (1993), etc. At the same time, a part of

118°E 120°E 122°E

124°E

the SCSWC water might have the possibility to rejoin
the loop current southwest of Taiwan (Huang et al., 1994,
Fang et al., 1998).

The VT through the TS is a key issue in evaluating
the exchanges between the SCS and ECS. In the early
1990’s, using the historical current measurement data
available at that time, Fang et al. (1991) and Fu et al.
(1991) calculated the VT through the TS. The estimates
of the former study are 1.0 Sv in the colder half year
(Dec.—May), 3.1 Sv in the warmer half year (June—Nov.),
and 2 Sv for the annual mean. Those of the latter study
are 1.74 Sv in winter, 3.32 Sv in summer and 2.5 Sv for
the annual mean.

Recently, Wang et al. (2003) estimated the VT
through the TS, based on shipboard ADCP data which
spanned 2.5 years (1999-2001) and covered nearly the
whole strait. Analysis shows that the spatially averaged
current speed is about 40 cm/s and the annual mean VT is
1.8 Sv, toward the ECS, which is quite close to the earlier
estimate by Fang et al. (1991). The seasonal variation of
the VT is related to the along-strait wind as VT (Sv) =
2.42 + 0.12 wind speed (m/s). Applying the annual wind
cycle suggests that the maximum seasonal VT is about
2.7 Sv in summer (JJA), and the minimum seasonal VT
is about 0.9 Sv in winter (DJF), which is again basically
consistent with the estimates of Fang et al. (1991). Re-
cently Wang et al. (2004) reported that the VT through
the Penghu Channel from 17 to 20 of May 1999 amounted
to 1.6 Sv, which is also consistent with the estimates of
Fangeral. (1991) and Wang er al. (2003). Based on mass
balance in the ECS, Isobe (1999) estimated that the VT
through the TS remains relatively constant, at 2 Sv. There-
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Composite of the shipboard ADCP current velocity vectors at 30 m depth around Taiwan. The left and right panels

represent the seasons of southwesterly and northeasterly monsoons, respectively (redrawn after Liang et al.. 2003).
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2003).

fore, as to the annual mean VT through the TS, the re-
sults from Fang et al. (1991), Fueral. (1991), Isobe (1999)
and Wang et al. (2003) closely approached one another
at a value of the order of 2 Sv. This means that, as an
annual mean phenomenon, the currents in the TS flow
northward to the ECS.

The results of long-term current measurements made
in the TS for 78 days from September 28 to December
14, 1999 have been reported in several papers (Lin er al.,
2003; Teague er al., 2003; Ko et al., 2003). Lin et al.
(2003) reported that four bottom-mounted ADCPs were
deployed along a section spanning the TS (between
Wuchiuyu and Taichung). The time series of along-strait
wind stress, the VT and the across-strait sea level differ-
ence in the observational period are shown in Fig. 22,
Lin et al. (2003) indicated that the current in the western
TS flowed mainly southward along the length of the TS,
while alternating southward/northward currents along the
TS with two northward speed cores were found in the
central and eastern TS. The direction of the flow in the
central and eastern TS depends on the intensification and
relaxation of the northeasterly wind. During the observa-
tional period strong transport reversals occurred with a
roughly biweekly period when a cold air front passed over
the ECS and TS (Ko er al., 2003). The resulting VT
through the TS varied from -5 to 2 Sv, but the mean VT
was still northward with a value of 0.14 Sv. This mean
VT agrees closely with that reported by Chen (2003), who
found a northward VT of 0.2 Sv in winter in the TS.
Teague et al. (2003) further indicated that this mean VT
(0.14 Sv) was the sum of the mean northward VT (0.62
Sv) and the southward VT (-0.49 Sv). This implies that
there was a VT of 0.62 Sv through the TS from the SCS
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toward the ECS during the observation period. The VT
was coherent with the fluctuation of along-strait wind
stress: the strong wind events forced reversing flow into
the SCS, while a northward flow presented against the
weak northeasterly wind.

The mean VT in late fall to early winter 1999 re-
ported by Lin et al. (2003) and Teague et al. (2003) agrees
qualitatively with the estimates of Fang et al. (1991) and
Wang et al. (2003) for the winter period, in that the mean
transport is northward even in winter. However, the quan-
tities of the estimated VT are somewhat different. It seems
that this difference can be explained as follows. First, the
current data used in Fang et al. and Wang et al. were ob-
tained from shipboard instruments and the ships gener-
ally tended to cruise under relatively calm weather con-
dition in wintertime. Thus, the current data obtained from
the shipboard instruments may result in overestimates for
the winter VT. Second, the estimate of 1 Sv by Fang et
al. was for the colder half year from December to May,
which covers the developing period of the TSWC in
spring, while the VT reported by Lin et al. and Teague et
al. was for the period of late fall to early winter, repre-
senting the minimum VT of the year (Isobe, 1999). An-
other possible cause is that the measurement reported in
Lin et al. and Teague et al. was carried out within a La
Nifa period, when the northeasterly monsoon winds tend
to be stronger than normal. Regardless of this difference,
the results reported by Teague et al. and Lin et al. are
still important in expounding and demonstrating the con-
tinuity of the WCWC in the TS in the winter monsoon
period. That is, besides the southwestward flowing FZCC
with amean VT of —0.49 Sv in the western TS, the TSWC
still flowed northeastward in the central and eastern TS
into the ECS with a mean VT of 0.62 Sv, showing the
continuity of the SCSWC, TSWC and TWC even under
the condition of strong northeasterly winds.

The current measurements mentioned above seem to
indicate that, in terms of climatological monthly means,
the minimum TS transport would be around zero, while
the eastern TS, especially the lower layer of the TS, could
still be pathways to link the SCSWC and the TWC. How-
ever, very recently the numerical model of Wu and Hsin
(2005) showed that the TS transport was to the southwest
during periods of strong northeasterly wind. Therefore,
we must say that the existence of the TSWC in winter is
still not a totally solved problem due to lack of sufficient
in-situ observations.

3.3 The TWC

During the Nationwide Comprehensive Oceano-
graphic Survey of China (1958-1960), at the same time
that the SCSWC was discovered, a similar WCWC named
the TWC was also found in the offshore area of eastern
Zhejiang (west of 124°E) by the east side of the ECS
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Fig. 23. Residual current vectors (cm/s) and salinity distribu-
tion at 10 m depth in February 1959 (after Guan and Chen,
1964).

coastal current (ECSCC), which flows alternatively in
northeastward/southwestward directions in summer/win-
ter (Guan and Chen, 1964). During the survey, the TWC
flowed to the north or northeast all year round. Even in
winter imposed by intense northerly wind, northeasterly
currents with speeds in the range 10-20 cm/s were mea-
sured just below the sea surface at day-night anchored
stations, as shown in Fig. 23. In summer, the existence of
the TWC may be inferred from the distribution of tem-
perature and density on a zonal section in the offshore
area east of Zhejiang, as shown in Fig. 24. The high wa-
ter density on the west side evidently indicated the north-
ward TWC and the accompanying clockwise (facing
north) vertical circulation. The vertical circulation is char-
acterized by its associated upwelling on the west, which
is the joint result of the TWC and the southwest monsoon
wind. Except at the surface layer, which may be directly
influenced by winds, statistical results of the residual
currents at and below the 10 m depth showed that the
direction and speed of the TWC are relatively stable, flow-
ing northeastward with annual vertical mean speed about
14 cm/s and maximum vertical mean speed about 33
cm/s. In addition, the vertical mean speeds of the TWC
in winter (DJF) are 13 cm/s for seasonal mean and 28
cm/s for seasonal extreme, respectively. Those in sum-
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Fig. 24. Temperature (°C) and density (o)) distribution in July
1959 on a zonal section at 29°N. Arrows indicate the in-
ferred vertical circulation model (after Guan and Chen,
1964).

mer (JJA)are 17 cm/s and 40 cm/s respectively. The TWC
is therefore stronger in summer than in winter. In terms
of hydrography, the TWC is characterized by a high tem-
perature and high salinity water tongue. However, the
TWC does not flow along the axis of the water tongue,
but deviates to its right side, as shown in Fig. 23 (Guan
and Chen, 1964).

Based on the historical current measurement data
(1932-1977) at day-night anchored stations (a total of 90
stations and 253 days), the schematic diagrams of the
vertically mean residual currents and flow pattern of the
ECS in the warmer half-year (AMJJAS) and the colder
half-year (ONDJFM) are depicted in Fig. 25 (Guan,
1978c¢), in which the superimposed Kuroshio current sys-
tem is adopted from Nitani (1972). The long open arrow
by the right-hand side of the ECSCC represents the TWC,
which is deduced from the distributional trend of the ver-
tical mean residual currents. Because it flows toward the
northeast together with the ECSCC in summer, the TWC
is situated farther offshore in summer than in winter.
Concretely speaking, in summer it flows in the longitu-
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the colder half year (b) (after Guan, 1978c).

dinal direction of the TS to the N-NNE oft Fujian-
Zhejiang coast with a stronger speed of about 20-40
cm/s, and turns to the ENE off the Changjiang River
mouth with a weaker speed of about 10 ¢m/s. In winter, it
still flows in the direction from the SW to the NE-NNE-
ENE but with weaker speed than in summer. In addition,
between the TWC and the Kuroshio, there is a broad tran-
sitional zone where currents are northeastward and weaker
(~10 cm/s), as shown by the dotted wave-like stream lines
in the figure. Combining the long open arrow as the axis
of the TWC, the parallel dotted line as its eastern bound-
ary and the dotted wave-like stream lines as its offshoots,
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we can infer the flow pattern from the figure such that, in
the course of flowing northward, the TWC continuously
yields several offshoots on its eastern side north of 28°N,
which first make a large anticyclonic arc, then turn cy-
clonically and eventually converge to the western flank
of the Kuroshio. This flow pattern is very similar to the
view suggested by Su and Pan (1987) based on their analy-
sis of the topography of the thermosteric anomaly sur-
faces and a few moored current meter data there, and is
further supported by the diagnostic calculation of the
three-dimensional circulation in the ECS by Yuan er al.
(1987). They proposed that the TWC has an inshore
branch (TWCIB) and an offshore branch (TWCOB) (for
details see below).

In the early 1990’s, based on more historical current
measurement data at day-night anchored stations (a total
of 138 stations and 566 days) that were available at that
time in the area of the ECS shelf, Fang et al. (1991) pre-
sented the averaged transport density (m?%/s) for four sea-
sons. The diagrams of summer and winter are shown in
Fig. 26.



Comparison between Fig. 25 and Fig. 26 indicates
that the flow patterns shown in these two figures are quite
similar: the general tendency is directed northeastward.
[t is especially noteworthy that the vectors of the aver-
aged current and volume transport density in winter in
the shelf sea are all northeastward, regardless of the north-
erly wind, except in a narrow coastal zone where the
ECSCC flows downwind (see Fig. 25(b)). Furthermore,
Fang et al. (1991) estimated that the annual mean VT
through the shelf part of the ECS west of 150 m isobath
was about 2 Sv, which is approximately equal to the an-
nual mean VT through the TS (Zhao and Fang, 1991; Fang
etal., 1991). Of course, the former VT includes the whole
VT of the ECSCC, TWC and the northeastward current
by its right side (in other words, the VT of the TWCIB
and TWCOB). This further clearly demonstrates that, no
matter whether in summer or in winter, a rather strong
northeastward current, i.e., the TWC exists all the year
round along the direction of the TS and Fujian-Zhejiang
coast.

The origin of this current has attracted much atten-
tion from Chinese and Japanese oceanographers. How-
ever, it has been a controversial issue for a long time,
even among Chinese scientists. Traditionally, some sci-
entists considered that the TWC off the Fujian-Zhejiang
coast originated from the branching of the Kuroshio north-
east of Taiwan, for example, Uda (1950) and Mao et al.
(1964). But on the basis of observational data of the 1930’s
and 1970’s, Guan (1978d) argued that at least in summer
it should originate from the TS. Subsequently, Weng and
Wang (1984) and Guo et al. (1985) clarified Guan’s view
(1978d) by suggesting that in summer the upper layer
water of the TWC originated from the TS while the lower
layer water was from the Kuroshio subsurface water north-
east of Taiwan.

In the mid-1980’s, through the study under the project
“Kuroshio and its Influence on the Ocean Environment
of the ECS” (1984-1985), the scientists of the SOA fur-
ther clarified the relationship among the three views men-
tioned above. Su and Pan (1987) suggested that in addi-
tion to the upper/lower structure, the TWC also has an
inshore branch (TWCIB) and an offshore branch
(TWCOB). The TWCIB flows northward along the
Fujian-Zhejiang coast and this is the TWC traditionally
referred to by oceanographers. The TWCIB derives its
upper layer water mainly from the TS in both summer
and winter. The TWCOB is gradually separated from the
TWCIB off the Zhejiang coast. According to recently
observed results of satellite-tracked drifters, the bifurcat-
ing location of the TWCIB and TWCOB shifts southward
and northward with seasonal alteration: at about 27°N in
winter and at about 28°N in summer. The bifurcation lo-
cation may probably be influenced by the monsoon (Tang
et al.,2003). The upper layer water of the TWCOB comes

mainly from the intrusion of the Kuroshio water north-
east of Taiwan, but the water from the TS may make a
significant contribution in summer, while the lower layer
waters of the TWCIB and TWCOB are all from the
Kuroshio subsurface water northeast of Taiwan in both
summer and winter seasons (Su and Pan, 1987).

Kondo (1985) presented schematic diagrams of the
ECS current system in winter and summer, showing a
nearly due-northward current branching from the
Kuroshio northeast of Taiwan and flowing roughly along
the meridian of 123°E to the area about 100 miles east of
the Hangzhou Bay. This current is called the “Kuroshio
Branch” or “Kuroshio Separation” by Japanese scientists.
A small east or northeastward bifurcation may occur near
28°N. The “Kuroshio Separation” depicted by Kondo
(1985) was based on an analysis of mean distribution of
water properties at 50 m depth; its position is farther off-
shore than that of the TWC suggested by Chinese scien-
tists on the basis of current measurements. As regards the
origin of the TWC, there are different opinions between
the Chinese and Japanese oceanographers. Even “the
China-Japan Joint Research Program on the Kuroshio™
(JRK, 1986~-1992) has as yet brought about no agreement
on this topic. For example, in his schematic representa-
tion of the ocean current system in the ECS, Hishida
(1994) still used the “Kuroshio Separation” in parenthe-
ses as a synonym for the TWC.

On the basis of current measurements made at two
mooring stations in the offshore area north of Taiwan from
July 1980 through June 1981, Chern and Wang (1989,
1990) found that the Kuroshio branch current occurred at
depths below 60 m, where the water depth is about 120
m, with speeds of about 10~20 cm/s in both summer and
winter seasons. The current goes northwestward along the
northern coast of Taiwan and is a major source of the cool,
saline water over the shelf of the southwestern ECS, that
is, it is the major source of the TWC in deep and bottom
layers. The observational results of Chern and Wang
(1989, 1990) were supported by a two-layer numerical
circulation model of the ECS by Liang and Su (1994),
which indicated that the Kuroshio northeast of Taiwan
always intruded onto the ECS shelf, but manifested itself
chiefly in the lower layer; and after intruding onto the
ECS shelf, most of the lower-layer Kuroshio water turned
anticyclonically, forming the outer branch of the lower-
layer TWC.

Therefore, the “Kuroshio Separation” suggested by
Kondo (1985) does exist, but it appears only in the sub-
surface layer (below about 60 m depth) and flows
northwestward along the north coast of Taiwan rather than
straightforwardly along the meridian of 123°E to the off-
shore area 100 miles away from Hangzhou Bay as Kondo
(1985) depicted.

The source of the TWC in winter, especially the con-
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tribution of the TSWC, is a subject of heated debate. It is
clear from current measurements that the overall contri-
bution of the TSWC to the TWC is small in the winter
extreme (e.g. Wang and Chern, 1989; Fang et al., 1991,
Teague et al., 2003; Jan and Chao, 2003). But the water
of TS origin can still be observed in the ECS, even in
winter. For example, based on hydrographic and current
measurements in February to March 2001 Zhu et al.
(2004) suggested that the water off Changjiang River
mouth could be traced back from the TS. Kim et al. (2005)
found that the water near Cheju Island was of TS origin
on the basis of oxygen isotope measurement. Furthermore,
the winter surface current system in the ECS inferred from
the SST pattern derived from the satellite IR images
(Zheng, 1981, see also figure 4-36 of Guan, 2002) pro-
vides additional evidence for the existence of a warm
current flowing northeastward by the east side of the
southwestward ECSCC along the Fujian-Zhejiang coast.
The SST pattern clearly shows that the warm current (cor-
responding to the TWCIB) originates from the TS. A simi-
lar feature can also be found in the SST images in Zhu et
al. (2004).

4. Formation Mechanisms of the WCWC

The formation mechanism of the WCWC has so far
not been totally solved, though it has been a hot topic in
the studies on the China adjacent sea circulation and there
a number of points of view have appeared in the litera-
ture.

(1) Tt is certain, as indicated by Fang and Zhao
(1988), that though the existence of the northeastward
WCWC has been known for some time, the driving
mechanisms of this current have not been fully studied
until the mid-1980’s. Chuang (1985, 1986) was probably
the first to study the problem. Based on the analysis of
data from two current meter moorings deployed in the
eastern TS, he concluded that a permanent source existed
at the southern end of the TS to generate a northward flow.
The sea surface slopes (SSS) at two mooring stations were
estimated to be —1.50 x 1077 and —2.33 x 1077, respec-
tively. Chuang (1986) believed that this SSS was induced
by the Kuroshio branching.

Soon thereafter, Fang and Zhao (1988) further ex-
amined the effects of SSS, wind stress, barometric pres-
sure and water density on the formation of the
northeastward current off the southeast China coast. Based
on tidal records and land leveling, the long-term mean
SSS from Shanwei (MSL equals 38 cm) to Jinshanzui
(near Shanghai, MSL equals 4 cm) is estimated to be
-2.62 x 1077 (sea level difference being about 30 cm).
This slope is consistent with the northeastward flow
shown in Fig. 2 (Guan, 1986). Its effect is about three
times the sum of the other three effects and is thus re-
garded as the main forcing of this northeastward current.
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senting the current components associated with SSS, baro-
metric pressure gradient, wind stress, density gradient and
the sum of them respectively: (a) year-mean, (b) in Feb.,
and (c) in July (after Fang and Zhao, 1988).

The current components induced by these four effects and
the resultant current are shown in Fig. 27 to illustrate the
vertical structure of the current as well as its seasonal
variation.

The SSS is apparently enhanced in winter by the
northerly monsoon. As a result, the water still goes to the
northeast against the wind, except when the wind is strong
enough to reverse the flow in the upper layer, or in a shal-
Jow area. Fang and Zhao (1988) proposed that the higher
sea level in the northeastern SCS than that in the area off
the Changjiang River mouth is related to the high sea level
in the western tropical Pacific through the Luzon Strait,
and the large difference of the sea level along the west-
ern boundary of the ocean is mainly a result of the
thermohaline effect (Fang and Zhao, 1988; Fang et al.,
1991). The effect of the Kuroshio branching on the SSS
is considered a secondary factor (Fang et al., 1992).

(2) Suand Wang (1987) employed a barotropic nu-
merical model to study the sources of the TWC from the
SCS. The wind stress is taken to be zero because they are
interested primarily in the circulation driven by the
Kuroshio, the VT of which is chosen as 30 Sv in the com-
putation. Figure 28(a) shows the computed results of the
velocity field. Clearly, part of the Kuroshio is seen to make
a slight detour into the Luzon Strait and most of the
Kuroshio current continues to flow northward along the
east coast of Taiwan. The Kuroshio is shown to intrude
into the SCS but not deeply. However, inside the SCS a



Ve o at e 4.
LR RN

LAY
Syt
Cegganerrt ey,

e 90 cm/s

D S AL E e T V)
R A A N I I I
R A N I S < lenvs
R R NI
N I
I A A T B B I I
RN R
VaNeams bt e e

baNswmwsrrsyocme s (a)

[ R R

L I I I

“T i

[ o

LR RS

(]
”ict..)

\NSra s T,

N gaseveis,,

‘l'\\Viv""D
LR L)

Fig. 28. Current fields from a barotropic numerical model (a. after Su and Wang, 1987) and from a reduced-gravity numerical
model at the time 2.5 days after the northerly wind attains its maximum (b, after Liu and Su, 1993).

cyclonic gyre was induced around the basin. At its north-
west corner there is a strong component which consti-
tutes the southwestward flow over the continental slope
near Dongsha Islands (corresponding to the observed
“Dongsha Current”, Su, 1998). Water trapped by the shelf-
break topography was guided to flow northeastward (cor-
responding to the observed SCSWC) and further guided
by the continental slope to flow northward into the TS
(corresponding to the observed TSWC) and eventually to
flow into the southwestern ECS (this part of the north-
ward flow corresponds to the observed TWCIB). No cur-
rent was found to enter the TS along the southwestern
coast of Taiwan. The northward VT from the northern SCS
amounts to about 3.5 Sv in the TS. The model results (Su
and Wang, 1987) not only supported the view repeatedly
argued by Guan (1984) that the SCSWC off the
Guangdong coast must contribute to part of the TWC
water, but also grossly depicted the path of the WCWC.
The numerical model of Liu and Su (1993) further simu-
lated the winter circulation in the shelf seas adjacent to
China in consideration of the combined effects of the
Kuroshio intrusion, wind stress, sea surface cooling and
fresh water influxes. The model-produced velocity field
2.5 days after the northerly wind attains its maximum
shows that the SCSWC recovers to flow northeastward
and extends northward through the TS and enters the
southwestern ECS, as illustrated in Fig. 28(b). Therefore,
the numerical model results of Liu and Su (1993) repro-
duced the main features of the observed winter circula-
tion in the shelf seas adjacent to China, including the
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Fig. 29. Wind stress over the sea surface (a) and simulated
current field (b) in January in the northern SCS, the TS and
the southwestern ECS (after Li er al., 1993).

WCWC when a steady northerly wind is applied.

Cai and Wang (1997) also employed a barotropic
numerical model to study the joint effect of wind stress
(Hellerman and Rosenstein, 1983) and the Kuroshio in-
flow (18 Sv) on the circulation of the northern SCS, the
TS and the southwestern ECS. The simulated velocity
field in January is quite similar to that of Su and Wang
(1987), shown in Fig. 28(a).

(3) Li er al. (1992, 1993) calculated the monthly
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mean upper-layer circulation in the Pacific Ocean using
a barotropic ocean mode!l forced by the monthly mean
climatological wind stress of Hellerman and Rosenstein
(1983), in which special attention was paid to the circu-
lation in the northern SCS, the TS and the southwestern
ECS. The model-produced monthly mean current veloc-
ity field in January for this area is shown in Fig. 29. It
can be clearly seen that under the action of a strong and
persistent northeast wind, besides a downwind coastal
current (GCC) flowing southwestward over the northern
continental shelf of the SCS, a counter-wind current starts
from the area east of Hainan Island, flows northeastward
along the shelf break of the northern SCS, and finally
enters the ECS through the TS. The current in the TS flows
northward, not straight but in a winding path. The simu-
lated northeastward flowing current well reproduced the
observed SCSWC and its extension in the TS (i.e., the
TSWC) and in the ECS (i.e., the TWC). At the area to the
southwest of Taiwan, some water of the SCSWC turns to
the southeast, and joins the Kuroshio owing to the block-
ing effect of Taiwan and the guiding effect of the bottom
topography there. The simulation results also indicate that
no branch of the Kuroshio enters the TS from the area
south of Taiwan. That is to say, the northward flow in
winter in the TS (i.e., the TSWC) mainly originates from
the SCSWC, rather than directly from the Kuroshio
branch. Therefore, we can infer that the TWC (especially
the TWCIB) partly comes from the SCSWC. These re-
sults strongly confirm some of the previous discoveries
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and conjectures by Guan and Chen (1964) and Guan
(1978a, 1984, 1986). As to the formation mechanism of
the SCSWC, Lietal. (1993) and Li and Zeng (1994) pro-
posed that the effects of the factors such as wind, bottom
topography, coastal configuration as well as the Kuroshio
intrusion are all able to produce the counter-wind SCSWC.
The numerical experiments showed that the Kuroshio in-
trusion is not the determinant for the formation of the
SCSWC; it may only strengthen the SCSWC, because
with the Luzon Strait closed, the SCSWC still appears
but becomes weaker than that with the Luzon Strait
opened.

(4) Fang et al (1996) applied an alternating direc-
tion implicit model they had developed themselves to
simulate the circulation in the China southeastern waters.
The model was forced by Kuroshio inflow east of Luzon
and outflows in the Tokara and Tsushima Straits with the
sea surface imposed by climatological wind fields. The
model-produced stream functions for July and January
are shown in Fig. 30. The July stream function shows that
the Kuroshio intrudes into the SCS in the mid-Luzon Strait
and generates the SCSBK. Since the summer Ekman trans-
port in the Luzon Strait is eastward, the computed pat-
tern actually reflects the intrusion in the layers from sub-
surface to intermediate levels. A majority of intruded
water flows out along the southwestern coast of Taiwan.
On the northern side, the SCSWC can be clearly seen to
flow from the Hainan offshore area to the TS, and even-
tually toward the Tsushima Strait. The January stream



function shows even stronger SCSBK. The current south-
west of Taiwan is still outward. But in January the SCSWC
does not originate from the area near Hainan, rather, it
starts roughly from |15°E with a weaker transport. The
northward transport through the TS is much smaller than
in July, but still contributes a small portion to the TWC
through the eastern TS. In addition, a southward coastal
current can be observed in the western TS. The model-
produced TS volume transport without wind forcing is 2
Sv, which agrees well with the estimates on the basis of
current measurements.

5. Prospects for Future Studies

Although the existence of this current system has
been confirmed by some observational and numerical
simulation results, systematic field observations are still
unavailable. The following questions remain to be solved
in order to further deepen our knowledge of this current
system.

(1) The connection of the three components of the
counter-wind currents through the TS is still not a fully
resolved issue. As to the western TS, information about
the process of the variation of the current direction and
speed with wind, especially in the NE monsoon period is
still very sparse. Therefore, cross-strait arrays of current
meter moorings (from the near sea surface down to the
near sea bottom) or bottom-mounted Acoustic Doppler
Current Profilers should be deployed in the north, mid-
dle and south part of the TS for a year or longer in order
to get a long time series of current data.

(2) The SCSWC is believed to continue flowing
northward through the TS, but how this is accomplished
is not yet clear (Su, 1998). Therefore, it is necessary to
deploy satellite-tracked drifters in the SCSWC off the
eastern Guangdong in order to examine the route of the
SCSWC and its extension in the TS and the southwestern
ECS. Since the currents in the surface layer are directly
influenced by winds, the drogue should be placed in a
subsurface layer, rather than about 15 m below the sur-
face float, as generally done.

{(3) Astotheeastern TS, whether there is a through-
channel Kuroshio Branch in the TS, especially during
most of the winter days, also needs to be further clari-
fied. because different ideas exist, even among the Tai-
wan scientists. Therefore, it is worthwhile deploying sat-
ellite-tracked subsurface drifters near the Luzon Strait and
off the southwestern Taiwan coast in order to examine
the pathway of the Kuroshio Branches entering the SCS
and/or in the TS.

(4) So far the hydrographic and current measure-
ments in wintertime in the area covering the western por-
tion (roughly west of 115°E) of the SCSWC were mostly
made under relatively calm weather conditions. A NNW-
SSE oriented current mooring array or bottom-mounted

ADCP array deployed off the western Guandong coast to
observe wintertime currents is very useful in verifying
the existence of the SCSWC in winter in this area,
Hydrographic surveys carried out under general winter-
time wind conditions are also useful for the verification.

It is expected that the scientists, especially the Chi-
nese scientists of the two sides of the TS, can cooperate
together to solve the above-mentioned issues successfully
in the near future.
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List of Acronyms

CAS Chinese Academy of Sciences

CSK Cooperative Study of the Kuroshio and Adjacent
Regions

ECS East China Sea

ECSCC East China Sea Coastal Current

F10 Fujian Institute of Oceanology

FZCC Fujian-Zhejiang Coastal Current

GCC Guangdong Coastal Current

MSL Mean Sea Level

SCS South China Sea

SCSB South China Sea Branch of State Oceanic Adminis-
tration

SCSBK South China Sea Branch of Kuroshio

SCSCC South China Sea Coastal Current

SCSIO  South China Sea Institute of Oceanology

SCSWC South China Sea Warm Current

SOA State Oceanic Administration

SSS Sea Surface Slope

SST Sea Surface Temperature

TS Taiwan Strait

TSWC  Taiwan Strait Warm Current

TWC Taiwan Warm Current

TWCIB Taiwan Warm Current Inshore Branch
TWCOB Taiwan Warm Current Offshore Branch

VT Volume Transport
WCWC Winter Counter-wind Currents
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BV SRR (EIRED.

AR 9~12 A RIBH BB SIER”



(H OEERS . PEEELHDERETREMNRER ] 5
116° 1§E
IR &R
Bl 3 FlgmEE X RES) T EE (0/15 000 Pa, 107N« m)4fi
a 1993 4 12 A,b. 1994 E 9 (B F XRS5 Falazrh
120°E 120°E

106° 108 110° 12° 114° 116° 118°

=30 =25 -20 -I15 -10 -5 0 5 10 15 20 25 30

IK AL E % /em

106° 108 1o 12 14 116° 118°

[~ ‘if"l""?

LT T
=30 =25 <20 415 410 -5 0 5 10 15 20 25 30

KRS ERZE /om

B4 2004 EEH R TOPEX/ERS #1518 & i 2= (SSHA) 43 #i
a. 9 15 H.,b.10H 20 H

H RS EIR” 32T TOPEX/ERS # SSHA
FOR P R B, BRI TR, BBV T AR IS i
AW RBRA R HTE 7~12 H .
2.1.3 FBHRFABIANE
AN M AR E, W b ATk, 2000 £ E E
AR " EEAEEREE LT
HE—NSEER R RS LA RBEIR W] 45174
— AR iR . FK, 2N 8 ST B LI A AR L
AR S BY PR . & R0 B 7R A A6 B2 R
S FFE— A RN KRH R AER (LE 2b).
FV 55 B VT R AR S 7R B AR R TR IE 4 AR BT AN AR T
V5 B R TR AR £ Bk dL AR
2.2 mEEdLERIEEIRE
2.2, 0 B AR v gk G I iR E LA B B i 2R AL IR i
B0 Y B A R R AL, BE T B R

T e AR I B A AR KL 06 TR B E i BRI
WAL T VA O R B P A — S R TG
Qu B NS R RHE A B ML) (“Tsland Rule™)
185 3038 3 B AR I A 2 R o 4 X 10° m® /s ]
RERSF T #F M B (8 K =X 3 47 16 11 /9 (B W S0k
[300). fiff Qu - Mot s THER M TR F &
SRR B R X (OGCM) 18 ] i THE 45 5 4o
T BRE B RE (LSTYEFRYE N 2.4 X 10°
m /s, EFT T NEZEFEFTIEG6.1X10°m'/s (F
) BB BN g 0.9X10°m® /s (AR ). th 716 4F b7
B a] R B9 7% {6, 7 El Nino 4F LST # &, ffil La
Nina ¢ LST #4812 F 76 3 5 0 4 43 i 0ok i 5
AL B AL ER #69T  WE 55 R £ Sheremet™ R F 82
BRESEEMT IS T Munk BB Ly 78 31 R 38
o 7E 1 U 25 Y FRAS ), {5 AT TR B 5.
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BEFER 28 %

(DR T ERNETE vy=a Ly  HPRSRE
H2a; (DFHEH Re=QAI . Q HEMEE T HF
TE AR, ALk DU 1] 3% 3h 36 R 4. Sheremet™! i34
T %) BRI B R B ARAR T B R A
BAFRSH v 5 Re fBUE. #l10 v ME A K
Re B30 5 R RE 05 38 5o Wk 45, IF 7] 5 4 R 79 30 X 5.
1B 24480 (Re) 38 0 3% e 57 (BB 5 0 57 O 3k K AR o e
A (BkERZS , leaping state) , & A £ /L FEE 45 H A
RO XERE LRI A B RE A R E (LST)
BEN BN R EEHE AU 8 RUKRBHR
BHEEZSTA, AL E BRI B/ME, B KF#
KEEG BT ERGRIABEE, ELSETE
i i I B (LST) ik B K {E , B 2= 6 0 A8 7.
AW FEEREBBZ T B RGBT 0 618 e
ML, X T EWHRALD, B EMAREF LN
AORMGARINT

BT S B R A K SO 45 R, Nitani®2 48
CSK 2 #18 (1965,1966 &£ H ) 184 GEK W
Mgkt R Eh B ESAEEE, YEBEE
LA BRI, A7 200N F—5 X, 2 F [
P B A i, Hoh KA A SR BRI 0 3 e L E
BB T, [ 4 ChuCRBMAEOPI dis b £
A, XRMATX B ARTE B K il ik vh Ml B 3R
SHRENRFEH#A. T FHMPBHEKEDTBIE 1985
F£4RH13~19 B @B "5 BEMER BRI
g8 CTD ¥4}, 15 X I E — N E R Y 200
km BB O B E R IR (M RAR R RSB B IR
BIRAMEKEFBNEREZKNER, SR
i, AT 3 22 T A2 B AR 80 B8R 1 3R 2 K 78 7R b XUBR 38
TRABERILEEEE RH.

TR AR FiE 4R 80 A XM EELIH K
) TAE. Mal*>) (g 3Cak[36 ) % A 3E K4 IE R BB
R, BEIA KRG R AR BRI R B R IE X
MR TEEBELHRAEZARERESKREFERY
XEBETHRRAE S HE,.E5AEBRKE AL
(CSK) i 18 8 /K SR8 T AL F it B X R 5
ARAS RSB B O B RSUBE iR B PE R b &
BB XD R RE S LKEERAER. S
FRAE, REAC AT REUR B PO K3 “RIZ B LK
E i (loop current) —# , X M S e A i oL F 12 B
B - e P ) R 40 SCHEE AR B S ) A O Y —
SR, M E M5 A B A B R (Ryofu Ma-
rOEEMTF 1967 4 2 B 23~24 HMM B

WEH(BEERILFIWEBALI AN ERER
WO FEE R IR HET T i E. ABE
A EFE L 7E 20°42' N, 118°22 E [t i, E IR % 2
200~300 m &b, — MR E (>34 DB KL
£ Z (500~700 m) M A K ER /K (<34, 4), X —IK
A MEXRATARIE R EKEE, ES5K 8 288
it B Rk A B8 S R A R SRR T-S
FRAEARSE. X A2 40 a BT MFE R 8 AR AL 0 A9 22 3
Sy B ES , K 3h /) % B & 200,300 m 2R E 4
WEARTEBAREHEFTRFOM 1967 F 1~3 AK
CSK Bl E (REFERED. At R\ A ITE L
ROBEATRABERRZ A HACE IE 2 56 i 5 i
fLERTEAD . N Bk FER E KR E R, D
BHARE T HBHREAE B R, 7 88 W m &
BARKREURERE B NS B RS It
ShEAAWET WIS T W SR BE S A

R JE 25 5L FRA B ) #E B R R o AR AL B3R R
B R R ERM L BT VIR T B EER
EVHRE X H KRB R B E R UL R RE W
K EEE M ERESET EAMERANDR,E
BRNEERE M BN BRRSERET X
b, 18 T E M B TR R A R E M LA,

1994 £ 9 A9 EEEFSE#E T CTD #1l AD-
CP 9 S0 , 7E 5 1 7 b 350 K fifi 3% AW 468 3K B — >
SEMBEABRAC . BEBRETEENHE
EafR 100 m E# ADCPBRRAESHE (SR
ZE AR M ED. AXFE A LLE A E S
XAPHEFEAEE —TEBORSIERE, .00 F
21°N,117.5°E, E2 % 150 km,EF R E#13 1 000
m, AN R R K, 2 00 RE . #5585
ADCP Wil & ¥ R H i RZ W HE #3100 em/s. it
FHr oK IR & TR B K, 2 WARAE . B X A R R
& iR JB B R It (warm core ring). T-S %1k &3 #7 &
B, VR FF P K OR B F R B R i K, 7 IR ER B (200
m)WH PO EX 347, M EASE 0.1, 58K
e Ik 7] J22 UK B K W kA (B A 5 3R 0 K IR G
22C,HmEUAY 6 C.HaLAEERXRERERE
B KIR. T R 342 30 I F 0O &, AT HIE 32
T IR AZ 0 o g K 89 P T A <P 2B 9 K 0 g g K 22 (8],
R ZWIANIR B B8, MR AR RS ER
oLl

A, A REBHTEMNBEHRSERES B
E T R R B IR —. ] a0 BB B A



(E EEES REIEERHMERSE TIRES G T
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”

S EHEANZEEYSEREMCIRESFER
GITREMGEHAIT T UL IEH. ERFE R LD
CERAAREERGHHEEXNRRERA, REY
SRENREALS P RES S H I EENE
EHHARERBE NG, X, Xue MR
Princeton 1 FAR = BF 5% JB 8 A 12 B W8 #1191 25
JRMIMBETTES RERW B 10 A (k) LIS
SAREERBHEAMBRIERIIERE. H
LEPIEBEEH XBURE . HXARSE
SHHRE XA K FEESEABERKE,HE T-S
SHE RN EERBEAMD. SuP BB Metzger
Hurlburt MEUEBI5RR W, a0 2R 78 B R ik B =t
R ECR ARG A P AR, B a0 (1/16)°, B B R 1E
FHSEFEE; RF L E PR B, B EM RS
EAERMBIEERESAER. B, Su™ kN, B
KAREEANREREEEAREMTER ISP
RE®R. BOEHLX HRE L RN Y E
WEEARLLRE oop) FRH#FEAREE, XEF —H
B HEATE. BG4 R 1L, A B AR KR
FEAEHNIE B R 119°E IR EX & R #
MR AR EREEXAMELXPE-FKF
e, 7HEE b LA AR MR Beta - 4L K AT
VLG, A A BB R 8 I SR 0 S A T T, RR
KRBE AR AW 7 ik AT, IR Z 2. Beta
S IO IR A5 33 L6 35 1) PG 4T, S BUER K 4] BE R Y 1 A

JEJE, Centurioni 408 B 1989 4E & 2002 4E L
i Argos #4512 BB R B0 4 LA I 3% w0 v R (A
0~15 m 7K 2 ) , YR I v 3 O FE 4R 22 g 1 B IR 1 ik
UAZES EEMRAEBERANEREBELIERE
SRR MR AR AL, I AR 95 R Y E
WU AEEBARREE 10 RERFE 1 AZE,E
EBFH 53 B R (0. 7£0. 4)m/s, B 14 74 [a] 3 &
BRAGES 1.65 m/s. XF 3 A HLH, BTN R i
Byl A LS Kn 7B R A K, T B85 i R
EHEAR X W EARRE, Ho X e THE .

TR FEH R, K Yuan Dong-liang i i
BOEERFEA (D EKE BREEEMEEITT
B2 % BB E (Kuroshio loop current) 42 BBt
B (transient) Bl &, T A £ KA B (persistent) T8
(Yuan Dong-liang, ™ AiEE). BB EEME,. H 4L
LTI 199844 A 10 HES A5 HUAKG
A12BZE7H6 HRMABEZNEAREES

il

AR (IK

o o

=T

b o

Fa's

J

1
1

RAPLTEMHIARERARHE MXKHEH
[ IE /& Yuan Dong-liang M\ T B 18 /3% %% Kl 23 #7715 5|
B 3 o Y B0 2 0 3% 22 i B 28 ( Yuan Dong-liang, 4
NBE)  HIER QuEBE M EBEMARES
M X R M E R ARFE. & LT
R, B X M R A R, 45 B 7E BRI kT
i =2 S HER E (Loop Current) B BEFFTE? BRI
F FIROR R B SR &, [ BE MO AR JR 7E Tk = K B IR g
AN K SO B R B9 38 E , Bk = At JE] T2 a8 R
S B kL BB TIE 1B B B BB E AR UT AT R
EARVESHC T AR T RBNS B ERE, ol
BEERRSAFMRE. XWREN T HRXA N
B, K R R 8 A ER RSN R TE
(BMARRENZL, ZRNUE, EBRET LE
BEREALHBEHENES, THES RGHEL
PR BE R R 0 A B i b ). ATR B H L
ZLUF MR X T 8 i 3R A AR K KL A
BB EHA RS, BRIE A THH AR LR
ROAFAE, - RXTHESHEEREET S
RGeS 72, 55— R P R IR M A L
FAE TR, PRATIA N, X LR AR A B, HP Y
SR A A R R A A BN LK B R B9
AN K ST, LA B 4 B (8] T3 2 /3% R 1) 9%t Y 9
A BEBHTNIRIE 2.
XTHBRILERE AX TR EEREHE
RAMER. BHEAEENRIEREFEHAES
U R A o B R 2 B v Ve i BT OE BT R U R L ED
SHEMABERBHY M H FE 1979 F 6 A 22
BZE7H 26 HRWBAEZERD S A KEA
75~150 m &b, B —AKIEE T 27 CHASEBEK
XAF7E. 7 50 m B EXABEK XA F .0 AT 21°N,
NSEMDE, EEN TFAUE I EE RN E B
AAEER B 2 18] RBE B2/, X 100 km Z2 5. SR T,
1982 6 H11 HE7H 16 HHMEABSEREW, &
[ — 2K EXAH AT R KX IE K, 7 RECH E K
HEHNERRKBEMT 22 CHBRARIKEK. BiE,
BREIMBIR TERY B ABMELEALE
BR Y S SBE R , T T R S AR Y RSUE IR U @ B
BAYHE. U FEAFENRSIEREGFER
BARER. EHRHMZI5]H 1921~1970 4 [A)
77 5 BT RR 4R 3h 1 158 07 B 15 B RS K B R R
EHFEFG~5 A)RBEME LU RSIER, B
HAPLALTF 22°N,117°E BT, &, H 422 %508
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R 28 %

#1998 FHBENKXREFEMRAELSREL, &
RUOBSREEEH AL E— BB, Yuan %018 i
1998 FEAEMRMENZHITEERBIEL  EF
BARBIMNER —RSIER R, HPLHAT 20°N,
116°40"E Bff 3. iX & 2 S, 5E BB IR 89 o0 B &5 b 5 8
A, B R BT AR 4 0 00 s R A% UM, B A B AE 6 M
LLELER.
HREPECIREMNMHEETESE RIS, &
BABEMNRSERE-THAEEFE AE U~
A du i F 21°N, 115°30'E Mk, 2 W BB 4
B it 42 4% T 1A BE 5 (BRI ISR A48 L B T2 B g AL
B MENL N, ZRIESS MIRE. TUEERS
BN A RS ERE R,
2.2.2 BRPEISBEXH
7 Fang % M %MmE LEX R RER L,
L& HZE, B ROIESEIAFE -2 B RER
/N, B SW—NE ) (4 4% 8 72 < e =X AR U 4 (5]
s B8 ET. MA1A 8 B RA LS he X &
(NWLCE) £ B K75t S e =0 i B (NWLCG) B9 %
ANBitsZ—. Fang %0 SUMBEE MG R KA, 8
RIS RR — AR R, 7L
R0, BVAT A O B 2 78 i 50 5 9 10
AR, Fang AR B KRB ERE LR
B Nitani®2 45 469, 7E 25 /Y 1965 £ E 2 200 m
FERESE L, 7E 8 R ER A 5 79 I {5 5 B
MEGENE BERT 16 C) Kl iR e
oL \BEMET 14 C). Nitani® Ay E 14 515k
BRXVENEE HSREESREEANSHA
X EHBHME 2RO KERRE L. RA
XZF(12 AERE 2 A)500 m B, BRI ESR
AH—BNRE S Fang &7 B 4 43T {01 A9 10 57
B9 S HER B TR,
BHESCPIRXANBREITSIER VB
RS TEMSBER”. AR BEE TS =I5 m.
XRZE R E K 200 km B9 iR BE, 6L F & 5 4
b7y, o B 19°N, 120°30'E MfiE . X 5
Fang % iR 19 B 2K 7 4630 S5 IR &9 2 B JLF 44
B, JR#E2H 10~20 cm/s, (Y ZEHRFFAE. Qu U FR I
BRI IER ATEE KRB (West Luzon ed-
dy) . fhg s ZWBE AR ILE TR, HhREA
HEIUAEI~2AZRRBIANBRRWRE, ME
5~6H LIS R AIH, B AR M B L.
BATAE 2RI F B, & F07E B R AILEA B

FESENR.BEREENERFE? XBE/FTHN
2.2.3 FRUHESTEMSIER R E

FEBEEREEEE R 1979~1982
FHEREEAMBGERENARAR, ERVED
7 7 7 4, 7 1] 1) 3R B 9 4y S 2 I OB 5 /) 5 L
FLREFE—NRBERXIRGE, 7E X R BE P H B AR
B KN ESEX R IBT ZE KM EBAS
BR.XAB R KEBEEAE 17730 ~21°N
114°~117° 30" E Z &, oL B KB & + #
18°30"~20°30'N ,115°~116°30"E. B HEMI /K F R
JE# £ 100 n mile, BE A/ F 300~600 m Z[8]. ZEF .
hE BB ERBETS, K FREMES 100 n mile,
FEHREL 500~600 m, F0 L B EAREE; MAEL.
B2 R IRMEE, BB 300 m, F.0f7 B IR WAL,
FEKFJ7 18] B iR i B R AR R 2 5T, an k) 3k
BiR#ER 20~45 cm/s,50 m B X 16~36 cm/s, M
MMM A R EMN AWM 1/2~1/3, HE2H
/NE 300 m BWEY 5~7 cm/s. HA— g K
B & BRI 50 IR B R W B 5 T R e U AR SUBE
iR e, BIEE S WAL A T IRE, 1992 F
3 RBERE I EREE AR A" E A
B LVERDE ST IEREKRE KR ERTE 1979
Fo 1982 F G IILFAFFEN IR LB XK
B, XA IRAEEREARYABNETFFERZL.
2.2.4  gE S UUIRSNE R B R

Bl 5a # b4y 5 AR EALE 1959 F 3 AKX 6 A
o,=24 ERESHE. ATUBH , EEEILUR, T
WEE 5 LA EE W BR U A Ve S A 7 — IR £ ER
Tt FEALE KBUE R, HOR AT E AT E R D —
HMATLA N EERBAEREMEMN. 726 AR
FEREATE, TABLL 19°NIIS°E L2
BEETE , K2 22K 60 n mile. BER—NH0 R
AR (>29.5 C) K% (<34, 25) MR & (<
21. 5) KR R BEK AR R Se R ool e R SRR
B T RIEP LA TR ,0. =24 H F L 150
m( F B . BN ST E XD B E IR A H 5
YR, EFEZHEKAE 98 cm/s,100 m FEA{5A] ik 64
;:;E%ﬂl‘ﬂ%fﬁﬂﬁ 200 m u@éfijéq%i

B B LURMEX AN BRE LML 50 FAUKR
WEAWER EUEHNAEHRFTEEZRENR
2. 40, B &g R s R 1975~ 19844 1A



EE.FELEREMEEEA TRERIKGR T

12° 114° L6 E

W e BE 5

”
Y d
2 (1wt
a4
B O '
A
8057
100

i 7R
\,% ]!
65 /
17° \ P8 Phey BE B

BS FEHgdbEf 1959 F 3 A K 6 A (bo, =24 M%EB ()X HRERE MR LE)

SR L ERRE SR AR A K ST R’ T A A K ST E
EHUNRCEEERRENHR BIEL ER

PEVEHSUAESFEEAZREAR PG

YRR B AF KRR AE, BB R SBE R BLE

FRAEUC gk FRTR, AT LUK 8 R & LR RS IR

R MR B KR, B — DK AR XA

S ARSNGB B B, 1992 5 3 1 BUA) Y B R EFM.

EERNFREEEREBERLRHAT AR E AL,
1 2 i X T g AR 08 ) B I B T O h B BB R B
EMABBEMAETIUNR XTI BRS2EBESZEH
& 9 (a] 1959 4 3 A MM BB BE iR (O 5 5% AN
B R RV —B 1998 4 6~7 AT EERIR
% (SCSMEX) #A 8], ¥/ &3 LA ZR i i 89 ADCP il it
FHERMIELEXEFERSIER, 5 HES
W5 RAR B B, BB ECY 5 Y ARSI
BEHEEX(POMMITELER 46 R EEEM AD-
CPUlR AL, RABR THEE S UKRIMEHEIR
afIFRE A BRI R IR, BT HIAX
TRAEREESEEFLS S A E (1959 ~
1960 BEE M A I, B BT R’EY XEH# — R IR
HENAMATHARBEHX SRR ROBERFLES
HAE(1959 4 3 A K 6 AW E| #9185 A 24— 2
(ERESD. AT ERFEEE B ERTH O
NODO IR A E 2B ESEENH
EFIE T ORISR 5 LR RS E R 7E N B 1 LR
ERAEBHNFERERRFE, KRN0z B RE
HE BEHREMNTLTEES El Nino g H —F
B Z . 7F3R El Nifo Z£Z I3k El Nino £ 355 El
Nino & § E R, SHMEAMNERIGRE LA KL
RIMEE. TR B LUK RSUIE R I B L) A
H EERSEERAMMERBESEREESH
FEEHE, A R RBERE B IR MAL &R

]

i1

e

-]

2.2.5 FMEBELUFRME IR

1959 SEEEM M LRI HIT T 4 S35 8
BRERELNN, ERRAEREME LKL,
RMRETE B — AT SR TE, RE S m X 10 m B
B REFERRALE; RIZIRESHEHE T — AL
20°30'N,111°30"E F A LI K X (<27 °C), Ji B
RS 28~29 Ci s im B v A M LE %, %
FLEELEHAE, ARAXLBENTRREY
100 k(LI 6). FEHE LR L8 o BTEE L ,0, =
23%ELE S AZ 6 AFBH LAER, BRK

109° HP [13°E

Rl R
| )T
— Rkt
q_lo_zo cm/s

2171

20°1

B 6 EIMBLIARMEE 1959 4 6 HRERRKE 3N
FERKRCO A HE B RERE MR L L)

B im et Loy B . A K EJHEE. kT
M RBE SR E A5 BN LUK R A
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WEEHR 28%

WHHIE A EFE X R EBITHEBRERT &
7= A= M5B8 4 7R b T) i 8 P I 7= AR 5 XL ) 4R R
1] | 9 » B T 4 B X AN S e /N R . [N E, B R
5 R 464N 7 T 1 R AL B R O R L 3 T AU Y
MK G AR AL, A IR T X — IR BE B R R FBR -
V). BE, 7 1998 4 H R R il 2= KA B (SCS-
MEX) # 8] , i B F %0 @ T NS IER B 1R
b AT R S “ TN Vg e AR AR SBE IR 7. I AR 48 LI &5
Ria XA SR K 0L E L FE 20°30'N,111°E
Bt 3 . 25 (8] KB 028 100 km. X B S E , X DS hE
RIE 1950 FHZ 5 1998 EH B AR Y — 5. i3 #t
DRI 1929~ 1989 4F #9 32 I % ) 44 I 4 “Fa i
BREAGE L . XREA BEE EFMED UKRES
B AR IE (BB . B A WL %R M
HL5 B MES LLZR A P V] b T 25 R BT 4

5 AR A0 i A BB 1R A0 R AN TS LU R B8 TR X
PI N IRBER R IR R E RIS P X TR
BRI R B 7 R B R #.
3 B LURE SR E

i Hasunuma 1 Yoshida®™ 35 £ 89, 8 LU &K
BEYTFTHEN BHERERA BREEN,
X R B TIREKIIE (subgyres) B 78 &1 4 78 1. #h 4
BESBURSRBBERUREE HMPRE
WS N Yuan 09, ZRHE"), WA+ RIBAZ
L8 K2 2. A EF(AA7E 1996 4 5~6 A) 7 B
FRUKRH BB F RESERXG R BA K
(e 1997 £ B ZE) B F i IR B IR SR
B R, B VR R L F 22°20'N, 123°E MffiE, B
ERREZE 1000 m IREEFLE. (BT 1997 4 12 A&
El Nifo #6", & B IR RES fi + 2 8 4=, Bl 40
R LR 123°E MR 7 — DB 55 M RS iE
Rk EAED EHSURWE D UREFETER
KB SHEFF WL, KA AFE 24°N,125°~126°E Z
). 5 1985 4EH H 1995 4E 10 H .1996 ¥ E U K
1997 7 ASMRKNEELE R, EMEEEY
KoEFLEBAR. (HANFHR WA SR, ER
ES ARHUREEBE, TEZREA MR KK, W0
51966 £ 3~4 AR 9~10 A, EHREHE W~
BRI N ER, EBURE RSP RERDEL
BK B EWHAER LS. DLATE W, X RE
X R RS R A BRI E . B T AT48
BEREGBURBEHESE SR ERMS L. B

N7 1996 W E , A ADCP il i M i+ B &
KEREEBUREHFENBIEN— DRSS LR
FHERE S U AEES. XER, HREBURE
BPREMBHAZHMEEEARBRESE. AHRT
Big, EEHRUTHAANRIR.
3.1 215408

2SN T &S REE NS AL, HALRP A K
Bely. BRBECD L5 A B A& “Komahashi” 5 i 2 f
1940 £F 2~3 H MBI % 6, IR f3h h |
EAAHRTEBURBBREER RGN, K WE 2
W5 AR T W AR A — A2 B R E 4525 100 km
X 200 km, E A0 B A7 22°30' N, 122°E4b , K&
S dtm i EE M IERX A IR, 75 2 05 M TR 5
=) BT E B L 600 m DA BB E ¥ (dome — like) 43
A, BVEHZE K EFARE. RIS, 7 L1112 000 Pa
HEEHE RN EESME EHFE—-N 58K
XA K SBEX R, BBHEZE 1 000 m F4b (WL E
D2XRBRYEREIAMZISRIR. ERREIEE
AR R £ 8B R A S IR T M 1| R T K
Y200 m R, FEREMS M, FRER RE
ST, ERAFEREN L, WA FE E-SE,
HIANNXEERH TEEKURENZREERILY
HEMEEEAFRE &, EFRTIEIAN LIS
RIRMFAEAT RS BMESEAMBES EIR
S XIMBH %,

ERVABWBE R TE AR KK
BT EEUR BT T ZELSKITE . REITHE
BRMZAWRRHINE 8 ik, i1t EER,
AUIESE T 2 5% 1% B 72 78, [F) B 0 25 (8] RUEE A o
GUNESEREBENILFRLMER,. HFERTE
HE SR RS ik R oS REKFERES . B
8 KU, AN E 200 m B, i # & K {EHR & BL7E 2
5 7 A 5 (L Pl 3 R B 0, R U O 8K R GR B
JZ (400 m [ LB i 2 B R 0] 1 B0 7E 22 5 7R .
REGHREREERENDNIHTESEREI -,
HREBE fE AR 8K e—L&. Re, 28t EER
BR BB REEE 2SS RGES NS M, 5
TR EEXERSIEXRS M, FEFLHH
22°50'N,122°32'E b B — M R S e IR”, B H =
6] RS AR T b 22 05 ¥ TR 55 /N, (B th B B A KA
TR, LA, 3R B 7R i IX 79 3RV /5 o B RG 1) 5 3 A0 e
EEREEMIE SRS I LT RAE. BT, B S
BEMEMAITTEEREY - A=4ER2H



o OEERYS. RIS REMEEEE TREFRSER 1

11

120° 2r 122°

123° 124° E

T
0/1 2000 Pa 2000/12 000 Pa

¥
5000/12000 Pa

4000/12 000 Pa

123° 124° E

B 7 1940 4 2~3 A AW UKRKIREZE s A8 E 3T 12 kPa,107°N » m) 375
(FEEFRREC)

HEEREEZHAEBEBUARBHEMNAENER
B . BRTERMLBRME.

B 1940 £ F 1996 F 56 a 25 . G B AR 215
BIRMEE, X — KB LT B TAEIELE™ . X B
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Overview of studies on some eddies in the China seas
and their adjacent seas

I. The South China Sea and the region east of Taiwan

GUAN Bing-xian', YUAN Yao-chu?

(1. Institute o f Oceanology, Chinese Academy of Sciences, Qingdao 266071, China; 2. State Key Laboratory of Satellite O-

cean Environment Dynamics ,Second Institute of Oceanography, State Oceanic Administration, Hangzhou 310012, China)

Abstract; Overview of studies on some cyclonic and anti cyclonic eddies is made in the South China Sea and
the region east of Taiwan. Meso-scale eddies (MSE) are rather active in the South China Sea (SCS). Some
MSE in the central and southern SCSs and the northern SCS are reviewed, respectively. The most interest-
ed problem awaiting solution in the northern SCS is as follows. How the deuce is the physical processes a-
bout water exchange between the western Philippine Sea (WPS) and the SCS across the Luzon Strait?
Could the Kuroshio form a loop current west of the Luzon Strait inside the SCS when the Kuroshio in-
trudes into the SCS? Up to now the problem remains untouched, especially the studies about their dynamic
mechanism. For solving above problems, it is very necessary to get the long-term observed currents and
hydrographic data and the long-term satellite remote data from the cooperative program in the Luzon Strait
in the future. In the region east of Taiwan, the MSE always occur in the both sides of Kuroshio,and their
variability is large and complex. The following two cyclonic cold eddies are discussed mainly: the Lanyu
cold eddy and the cyclonic cold eddy northeast of Taiwan.

Key words: South China Sea; region east of Taiwan; cyclonic eddies; anticyclonic eddies
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2.1 RiBEMHRSERR .
Guant AR 1967 £ 7~8 B HA“K KL
BERFERH RS ESELUI AEBHABNEE
—ANERIRERK, A X2 BEHE IKE SW—
NE = # B 2 <iE R iR RS BER. B 4 5
SOmBRE . RESM BRPLIEREKRT 27 TC,
MEE/NF 34. 1, BE . EEHERLEK, L,
EE-THFOAEEEMNRSEXNRIR. METH
B AT A& ARILE . PO EE B A SER
AR PE LT EBEHERMER, SR EHRMEZE
B X TFTXABEIR,WZES 5 A 1973 4 7~8 A
“RORUAL T 2 B R AR AR T R R O I 2
RABERbE.
EREERAENTHERFESABTHATF,
Su 1 Pan'* 4R 1984 4 6~7 A BRI ST E

RO BERBAR A E EFE— D RSIERX
BiR, FEMATAIIE CR 50 m BRIRE EE2H
EFAS. PR EREAETESE B
B R ASBE R BR IR . 3¢ F X B 1R B K SCRRAE , BT8R
2 (Hn 1967 5 1973 FE ) BR PO A IRK
oK, TEEE (N 1984 £ ES M B RP OIS
B KB, T H SR BRI R A AR NE
EEFREYIAN, X —BIRAKIEGETE A =400 X
107°~500X107° em® /g ] L DR AIBE EER B &
Big MAERBRBEMET. K. FARESR
— /INER 4y B ST 9 XA A K AR T EERENY R
Wang 1 Su™ BIA K, XA BE IR 4 5 & 75 B I Y
RAREMEMEDN LEKHAREREX XE
RE BT IR KA — A FTRER IR, B TR
B HA B AS TR 3o 5 A BB 168 B 7K A ofe R B I R AL R
EREAEMHBREREREBANE, MABABHES
ZESHRRHERBER R KRR NFE
BIBTRE, B 2a,b K& & 3b A5 — & &, 7 2002
£1H16H,5A15 BK11 B 13 BEAG TR
W HH RSB BIE, BT8P0 AL R KRBT
28°30'N,123°E M, 5 & 1 # & & ¥ ¥ /8 56 48 1R
B EAH L, AERTE BRI E. REn B &
BEMESMHER ERETTH. BEEERL . BR
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B4 &R 1967 FHZE50 m ZABESHCC) @ MELE M (b B ICHR7D

Tt 2 1R BE B I, B AL F RS b . e X L
AUME AR FEREREHEOBRANES B, &
MAE202FE 1 A6 BRI A 13 E)BE RN
i, AT T A7 42 80 L AYIAIR, Bl 34
FEMRENEZWFAEREIROIUERE (HE Wang 1
S BEREXME,EE 2a,b K& 3b LEAE
e ERRSEERRER RN, H5EF R E R
A —ADSEERIBEE, B PO B KM T 28°
30'N,125°20'E M. B, XM SN RIES K iE
BEWAEXHHIESEEHMARFELTO. £ L
H RS HERIRIESSIER IR MEZ B m m . AT,
BEXEABHAERAZE AR SBERBREX W
%, B R0 O AL L £ BE BEORL AT LA — 2P AR IE , X
ARAREROS . EREEWE,7E 2002441 A 16
H(WE 22)5 A 15 B (LK 2b) % 11 A 13 B (L E
3b)3 ANEFHA X A RSB E IR BE A 1 B AR M B, X
BEREEXME, TR LERREN. R, M4 8 A 14
H (LB 32) ) FERR Z &L BT E LR R A IER
8, AR B IR, BRI T RS E.
2.2 FHBEBESEISR

HE 1A UES  EFM S AR ERFESE—
AN 18 B B B R M SR RN e iR X SUBE R iR (O
REHEFHFEN, RRE - MEMH AT LSRR
B B AZEEI LM SCRHE 1969 4F 11 A R
BRERHFAREREREAN B RE 5. E
MEABREIMENALE I H B H LM
X C1975) AR 4E 1969 4 11 A 78 %1 X3 M A0 i iR 2
HABFRSNERER, TS EERNEE R,

TERK A 208 — V5 B AE 24 K 19 I B & K OSF R 7 8
EFHIRE R B S FE ERE, LEEEER
FEREER X IR GEFER AR E L2 JLF
Sk (7K SCULI BT 6L (B 2 A ) 3 B 2% IR i 71
ML EAE T WA HIT. TR RER N
BHLEXANSIERBIES R, RO KRR, XA
WERHAEFA P OB, BT T LA N E S
BimfeFE. "Xk o TEFEESR
AHEMAL L (UEHHEREIRNEF % 3
BRE I — M, ESERYLL 31°30'N,
125°30'E R eh s, REER 100~200 km B35 Bl R 77
EE-TRERRE BALED XREFELZKREE
HIRE AEH LR, BH U T H— 5.
(DX BWBEFFMEEFFE, BRI EE
£, 1R W] RE7E 5 BB 8] I RN FE7E 1B 5 BB (8] A 2 4
F—ANEEBAENT 1IA;QORX—RIEEER
EZHEHARHFEMUZEAEL; X —TREE, — K
ZEMTFHPEMALRESE. LA W, BIAL
MR E—-LERT UBTH T/, LT
—IRBEE R 3 D R, A U g g
WL EIESHRRMBEAL LRk = R EEA,
RIEFERITRRN EES HEF, MEFEIRELRK
HAFE BAREMEXMRIENEEMATER
F.7 CIRBE R A 2 B Y 1 R U TR X TR R Y
REWRT. BENFEHME SRR FOMEYY
AV BT B U AED E BAL S M T AE
WX REFR T EFEAEERR. EHF LM
XM RS T — . FEE, Yuan H Su'
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(1983 R AMEE I H BRI RN EL T RER
EXW, KERM B R T B M &7 I8 58
GFETEEIRRPOEENALET B BRIR P
CMEBNEL FANEDBERNBLE S SIER
REBEARROTESHEE. EHETFER L, X
F 57 5 70 R B A I T K B RRME L 7 Bt
90 FERLUIGHE RDBF, Bl ik ERE @ P H
BEEENR, TR T REKNERMEL. &k
Yuan 077 1999 4F 6 A E B EB KA EILTY
TR S KCH R K ADCP 45 R BR T
ML EEEAE - SBERE R, M08 T = KA
BERRFENAEMKHEAEEZ-AERES) X
REE-MERFMNSUESERXABRMCER AL
. 75, AR N 4 S50 LA T JLAN R R — (B
SUWRRENEWREET A, = FMBUE
BB TLRY AT R = 5N 5 PR 1R A K SE
ROBE #9485 B AN 30 0 AL 25 550 % [ B S5 T —,
97 10 a §l, H A% # Yanagi 20U % 1995 4 6 A
15~19 AR A@$E CTD M ADCP Z{L 2878 ¥ M %
AR HE R AT T — WK SR AL T IR A B9 % BB 7E fih
AR R HMN S IR R RHE IR IE” — M
i, N ERFERERAMPIESE, EE Z NS L
MAEREERE, SRR REELER, TRAIE
XARFETE (SR XEI8IWE 4). 1K
HUS M B MM 4R, ARERIBEFMN G
DERE—IREN EEESERRE XE—1
REEMMNEL. BEEH LM CEK LEHN
MERM ,KAFMNSEHRENSW . FERR
MIZET AR 1k, X2 B A6 BTN 5 78 R IR IE 80 A 4k
—ANEEIAIR. X F ), Yanagi 4% 1 Yanagi
5 Inouel" It Hul* 48 Hi &9 57 M 5 L1 55 40 3K I8 UL AR
) 72 AR B 1F & % B 4 3R 3 89 i 2 Ekman R 45 A
PR 8, 4T 7 3R, B A735 B, Hul? 3t 35 0
% AR B9 1E B & 3R 9 1% A E B O R 3 4. T
MR Yanagi ZUS £ B, B F 7R 3 Ekman
B et &+ IR, R & A L R TE X IR B A0 3R
ST RL T FEE, AR SCHKL12~14 138 49 £ .
bR AEEE REILRYHEERR™ &
A BRI AL R D H N 5 LR A R TR LA
Yy el BE 2 B T 7E AR BB /N B4 8 T U 0B R XUYR 5 | R A B
SRR, NI Hu™ B H W F ARSI
M "HMREICRA T AEEZH M. AL
R, % TFHFM & U EOR TS T B BLE 7 7E

PRBAERYEE, XEESKEXERLN. RAITA
5 Z /0 DA B RTURI 45 SR AN B E B oY (SUEk(18,19])
KE XL, I9]MMAE R, XTFRE= 7
BABUREM PR B R RAE 3K EERE B 1H
EZF20mBBKEELEYXHELH;E 20
1972F T~8 A 10m B hREFHSH:E 3K
ZEFELPOMEHAEREMENSH. REL
AT X 3 T LB E SRR B9 K OE REZIR? 3R ATIA
o RN 3 sk B #E E SRR R WK R B, BA B
B By FRESERBE P RERBPYRERXR
N RAEBKY. XEHTHERAMVEMREXNS
PRERORERNEEMAFESS LEEREZE
HES—KELFBLHMEMRX/NEEEZLEY,
WAAMRERE L KEF AHRAL K& LEE KR
)R ABATH ABEERE 20 m KB RE SRS
ERREAKERER? RIMAAIXR—MEEA ™
A H A L 0 S TP RRE IR B /0N 6 25 MK S R B S (E
RGBS EMA R E. M R A3 h it
BIBETERAR SN, R AITH,. B AEE
WESEHT MBS AP, FEin Yuan 008 5
H o 7RV Rk R U R T S M R O O . e THLE
BT FEEABUR S 8 3C AU, 37 9% 78 1 A (T 1 7=
WIE. BATIA RS J5 08 1 SE PRI L, 3645 4
BASREEL MBS — 0100, A RIS Hah HEH.
BJE, WATL G TE — L6 F 5 3 9. 10 W8 S0R
ZRUHB R EREEERT 1970 £ F,BLR
52 SRy 52 GERL 43 A, B SR TE R B AL AR BT M B
FAEAEART — T EEHN 100~200 km B jE = +
ROEEIR (BB R ZE02,1980) B8 R WR IR BH
KRS EFE P REROPLHEFARERER N
107 em/s. " BR, ABRED HFEMNSABEHR
feXh RERELRBMICPEMNEBEEXZ XA
B, RAFE TR M. B8 53Tk 3, 5
MEFERERERALBROEIN, LM BERET
BABUREDD (B W b s 7E 1969 4R 11 AR
FIERERBZRRLE R, ME 5 Frz). 5t i, Pu®
Bofda.“X—ARE KRB H ¥ (Inoue,
1975) KBLEY , oeeeee TEL LW, ABORE R
W M EWALE BB AR N E —F FFEL. X
b VCIE |0 A= 005l S N (1 A B 7 S
R BN REBRIR ERZE, PEBTFZEE
AR TR R, PRERSE AT b BT
M S1%. "X —FRESREHEFLAH.H %
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Tt 2 A o B 4B AT o S B R HL R 4R e 3, B TE Y
& T8 R BER R IR R BLRT 10 RAEHE, A A0
FREREEEXR (S RERTMEREND. BT
LA, BB B AR e 1A 7 AN R P [ 4B 3 1 Ja R It 22
BEE - HEAWPRER, SHEAFHEL.
B RER BRI IR ERRIRA S EEN, R
FERERIHE 1~3), FFM B LI — D% REENR
BXAZHRERRG?

124° 125° 126° 127° 128° 129° E
35° '
4
N v ;..
: [
34° 4
33°
32° A
31°
30°
29°

B 5 1969 4 11 ARHMMEBRERSEREER
(HEH @

2.3 KIODHRAESEXLHR
ERILARI NS LTGRO Y &SR
EHERBNSIEXAR. B 1 RFRIOKRILEE IR
J PuPIARSE 1977 F 6 AMRERESHLH X
NMEIRETEE, AR OMRERHNEZAME4 C.
REETEMKCBAELE RS EFE . EE, X4
KRFLEILREAEBRE, XEEE5HREIIE
IR AR A 56, BV AT & 538 B 55 , B 2 KR
BELIElE. MER EE, XMERFODRE
T ERBREFELABA—NELE, SRR ERE T4
INCEB PR, XA RBER R IR O E, ATEL
HALERSMNE 3N ME . EEABMAERE, WK
123°~124°E Z (@) #23h. AE 1 AT LLEE, XA B IR

EHEMBHEEHNARAMEBMELYELICYRFTELRR
FRAEMER . HEREERAER, EEENA, 8
A SR LB X E AR,

Yuan H1 Sut R 22 H (B A LR 0 R, 18
EKTOIFEERLIERNR, KEERY B K
TESCI IRBE A 7EDY . 2 F 1984 440 H ok & %
BB K P E AR KD O Ah, F L BE S L T RS
WL BREFER K, B K EFAZEER, 7] LIH
WX BEE—-DRERAR R T E R AT
W BT L, K BV K B ISR B AR, T B KR
B EIATE) REE 6 A 7 B, A KB M AL
BULES R _EREEMA NS ERNRG
MEMSHYE.

2.4 RiBEPHEER

b4 80 FRWBIEFERE EL T EE
WM AFEEER (SR CEk(25]). HA2%#H Shi-
bata® Vil AR A BB H L EHRERE
RHFEEER XEREESBREEEEERE
s fl B AE S HY. Shibata ™ 5 I BRI E T
il & I < FN AR E BE 43 512 300 km 1 20 cm/s. Sugi-
moto %471 M W I WL 45 B AR 2R AR T 10 5 ) B9
FEI#AN 11~14 d, & H 300~350 km, & HIFEHE K
30 em/s, M1 HE t, BB T M S i, EEE B 0
BB HIKFERELA S 40~60 kmt*,

EHH B A EREE SR A (JRK, 1986 ~
1992) , % 2 YOI 21 75 7R ¥ Fh 58 b 0 By 38 B 1B 3R
EEBERE UESENRECD  RERENL
MRS IR ITL  EEREERE T+ A5 &
B K HLR. 1988,1989 1 1992 4E) 3 IREEM
T, ERTE R S P e O B B IR e, A
ARBATE 10d UL, KEZEBREAILE TXK.
BFREDNEMIEREER, ERNEBEEN S
(MEAT) R G BKE S R KB E A B+, L
B AERE BB E K8 F, 33X R 58 1 48 T 1A BE 10 B AU 4%
fiE. 2B V8 5 TED WA JE 726 ot 42 A 2B 1 6 K B AN ) R 32 #k
PEEEEEMA UTHRMNS N HE AR 3 KR
W82 1989 4 4 B 10~16 H,1989 4 4 H 17~
21 BB 5 d, % 1992 4 4 B 26~29 A%
SO M. (B — WIR A P, 72 29° ~ 31 5°N,
127°~129°E Z [} g S R B MM R IR, T B
RegARWMT.

B 6 Fm 7R 1 B T IR B RRIE R AT
& 6 AT, BT MY R & — IRBE K E SRR
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100 4

£ 200 -
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300 1
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Bl 6 RSB E IR MR R B A (B 5 &)

b, SR a5 S VE RE e, FLRE A B KA TR B — R
BRGEEROEH. kP O0KE/RTF 20 C,
Yo IR R 5 B SR KRR R R R THD VR YO IR BRI BE
T 48 71N V8 B A0, 7 ¥ P ARG i 0 28 — I 45 2R, AR
NFEEBIRET T 3 M4 .

(DB RPOLHEFEREAHE, AT ERELH
OB IR AR ER K SR W LA R 2R KB A T B — &
VoK, BSR4 33 km, K B KT 100 km. X B
FHEREZAHE, XRHUES5—RPIRERIRA I
X 5.

(2)¥% iR epun B AR CE 6). 245 W iR E T
B KEIREKEN EAR BEEEEFRLETER
2 IS B 8 0 B B AT 3k 400~500 m.

BT IR LRI B & BT H
3

AL RO, AT T B IR TR
s Wl X K SR B8 B B2 i L A AT A B T R
BERM TN EE AR 23 cm/s, 8 HIRAE
B9 10~11 di28,

=W AE 1992 4 4 A 26~29 H , W45
BTAXBRUEEIRRMER BEEN IS E S
i (B0 Guo 1) BB FHE 08, 0% £ZED . AT
M 043 A 5 5R AT 4, 25 R G SR8 K AN ) T R 3R A B

ZeH) b BB E K E A R IR R S T R SR B AT
TR ER VS K8 B IR B A2, T 49 7 30°N,
128°E Bt 72 B 3 P B9 SO 2 iR . BT 2 7R &
BFEEMNRFRLAER PO EH P BERE S0,
AR K Z R E A #HRBOBEERK. %P
FAR R FE 4 B+ T oK, K B KT 100 km, B B
XKL RETE.

KIEK2EE L1996 F 5 A2THEG6 A 1 BIET
MEAEED b3 4T T CTD, ADCP # T E IR &
BV AR LI . 2 F 3% 8 & MUK, Yanagi %0 4 B
TS T W B R Bl 28 A 2% PR 4% T R B9 45 49 L A 41
BRI SEMAELTE 6 TR AR ER. A5
SRR, BT IR A 00 B9 K BRI TE R S R
60 km F1 40 km, T AHEE H 30 cm/s. X 5 Sugim-
oto HFEERIIHAM —B. B 5 XFZEH Guo
SPIRNERML, WEOLREOCHRENITEME
MERK,BRENKETEEMZER HKR,F
EEEIY Yanag EP'RFEBUTHIH SE R,
MAREX®RA P LRESTRBI; (2) RFE
HBE AU EFEMEEEETEEM, ©3H#ETR
TSRS RI M A BAE B R i B B E .
XERAARABROEEAREEEEE L.

2.5 RiBEBAEMRE

AEERPMae s FESMMARRER R,
— A 153 . 7E AR PSR ASIE IR LR RCK, R R
) B SURE TR L ER B K. AT B B 2002 £ 4 A4
ERAO,EINEF BEFRRIFENE 2a,b F1E
3a,b, WNIEREREMMEE. B ESBELURAR
R, EAEERSER D M (FlnS RIcEk31]), A
WEEL R\ EBERENZ M, EAMERT
RABEA. SR o B A B 5T IR AR B K SR
Bt R, AR DR BT ARG, EH
A B R SRS BR IR (NS WL SeEk {32 ). BIIX
RS, AR 2 M3 PHRERH ERMRSHER
Ty, LT RATAF R T, E 2b AT I, 2002 48
5 H 15 HAEZRPEM, 5 5 LL(26°50'N, 124°E) , (28°
30'N,125°30"E) #1(29°30'N, 127°10" E) % 2 & ch (> .
EIMARRERSIER, K & BRI E S5 AL
AR RERR, HRERKEREL SR 200 km.
ZmWAE, FERESERIEE B M ALK
YES N B Bl 0 B — A KO ROBE K SUiE
. TE BB AR MR AT LA AN ) ROBE M RSUBE I 4
FTEBRE RS UREEFE - REBEKK RS
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WHEHR 29%

B HBRKFEREKRT 200 km. % &S BE R B9
B IERARN Bt R AT A T RRAEDS
Hi , 7 H AR R Bl R — D R BEBCR B S SUBE TR
M 3b B[ WL, 7E 2002 4F 11 A 13 B, ZR g R ¥ 75 1)
WEEILDRERR KSR, FHINESERILE
B, 24 B EAE SOBE 20 At B R OV 0 B — A B
BB LR 27°30'N,125°15'E, 55 B 15 H (I
B 2b) Mg, 78 11 A B S BE R 1 AR AL 5 # 3.
HW, B 3b AT UL, 7E 2002 48 11 A 13 H, 7 2
WAL R ERE M S RER SR, 5755
EEERSLUAERE, YR %5 BEERIED M#E
ot T B AT, R R — N RER KBRS
R EKFEREAN 200 km £FK. ELX AW ZE,
BIan M E 2a A WL, 7E 2002 4E 1 A 16 B, EEB K
At v 3 R ) AR b T s AR SUBE Rl B, FE AR T R
0 G ) A, P B L R — N KO R E BRI SBER . &
Wbl 28°N, 125°30'E, KB KK PR EA N
180 km. [H) B, 78 28 W 7R 00 b 77 7 JL A RO AN [6) i
P RERSIER, ERERDEE, HR1E R
YE IS TE TS ff 3 A o R R Vi AT, £ B R — A
RBEE R R ABE R , 15 H & KK T RE R, 4
2180 km A4 . B Ja . WK 3a AT L, 7 2002 4F 8 A
14 B, Y68 AEHBH AR RANEIERD
Al A, 7E 7 ¥ R 7 ) 0 1 B L R — AN K R E 8
KIS HETR IR LK 27°15'N,124°50'E, gk
KR BEw/N, 40 120 ko, 75 B8 R 077 75 L
MREAFMFRERSER EEERS LTEE
3, 24 7R 0 BB VE B SUHE S A ok TS R Vg IR T, 4
PR — N RER KR SIER, KHERKKFER
B/, 240150 km £4.

RATE DD T 2002 4 H A A 4> B8 B H w0 &
FRIE KAARERERESEARTHN, Aotk
T 2R B B b T Bl R (Il 2a A1 3b), A B B
BHER 3 R (FIE 2b K 3a), HER T E L
WL, BIhn 2002 48 10 B 16 H 2t 4 k(B8R R i
RPEeh EASEREREXZT /T, — &
3 B s B SE R7 B4 AN B RBE B <UBE =X ik B R SUBE
WO HRERERKEREMRSBYREMEBEGS
BB A O, Bilan, 7E 2002 4F 12 A 18 H (EI#) , 7
BEAXBURBRABERERSH R, RIEKBRE
WRK, KFRNEE. X FRALE 10~12 ARIZK
SRR EIKE RE — B KB 2002 4 6~8 A
RS BER B KR E—BE RN HR, XEFRE

RSP RERMBEERN—NMEBEITHRIE,
JATEAE LT BT e e,

KT R RS i X HEB0NIRGE, BN ¥EE
YET VR 220 T K ST 5 43 47, LA R BB AR 145
TAE, RUF 3RAIT T 3R 3 B > 5 T A B 58 T AE.

HF— RTREIRE BNEASERLUT 3 Mg

(DELRMOEBRIEE . RERBMEEES
BE 2 Al B L IF A P BLSBEIR. 2 T X ANAE
T B T 5 38 3 7K SCBE R} 43 By 3R AR I 32, 48] 0 BR AR
KECPIRTF 1984 EME KA ERR ZHE
27°~28°N,124~125°E M iE A — M A K iER
e X RS EARMEF T E R IEBHIIERK
HAHTFE . HW WL T BE R B ARAE LR
BFZSEREE LM . RITHREN R G EBRE.
PO SUBE .

(DE/FERS L TEHEE, 248 958 2 78 o
BERT WA EERIIES M, B E M- RIIER,
KMHFEANEBERGUARSIERIE X TEEH
BUEMRSBRIE BAXKANNEL THHRG
SR, B 1980 4E 3 A 1981 4 2 A, BAE L%
TTKBBERBSANEBREER/RRT SsHNEBRE
bR kAT ERE, SR EEKE. HP 1980 F3 A
11 BRBE—MERERBXRKSEXETT —B
REFEHNLE, R4 70 km, BHERY 7 d. 1981
F2AHERNS —FH EEXRKBLUALA
BEANSGTHEB R RIENE, ERS 5NN 70 X
90 km, BB 6~7 d. BER S LIVE T 2
F5 0036 9 X 38, 76X B I B £ i (looped current)
(U, Ishii %P ;Guan!), TR ERBRTEELRS
DITE IR A7 76 I SOBE TR (UL Bl 1 & 4). HOR, 7Dl
SO A3 MY 2R S SR 2 2 U B A A B AR b b I
B, FEBENKNESE, $EH % 1977, 1978, 1979,
1980 FHEHANEF, EMABUAREERE S
PRER S 2 (8] LA PG ¥g 3, 43 B ZE 50,100,200 m HZE
400 m K JZ B HBAKR B, Ml IAR TR EE
BB ER KRS, 8 GEK Wil # R m KK, &
EMNERRUTEESHERE EEERS AR
PRAES LITIEE, M BB YR~ ENIRERRE
TN BINEES . BRANHEG. "B

(DFEMFRE IR BE, FXEREE HRR
BE, i R 2 FK s, B A, PAREESC g b wh 4R
SUTES, EFEERNBERITIAE. KK, 2B
EISS RSN BR U AN RREE ST
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16, BE LUR B R SRR LR K AR A
M HER R BE. BIanAE 1997 48 1 AataE shB B LI T
I — D RBEX R R, 1997 5 6~7 A B
TRABERBEIRCD. 7 2000 E40H B WUE R, 4R
HHLEE T T HEiTiE.
B ATARERESS th AAEN P RERA L
W2 ERPBREEBDARPEERRMUER, B0
Yuan A Sut? P K& Yuan %043 55k F = 4898
2 WA B R 4 RN 22 B R g R 1 M 4R AE 5 Li-
ang Ml Su X H_EHERXTERBRBEEH
0, Wang #1 Yuan™ 3R F = 4512 W7 . 2212 W7 Fn
RERITE 1994 EESHRBIFR; bwk T EH
ET 197 FHZE I NMIKERBEITESEUR
MABRE; EHMS AP IRAT =48 E4R
HEHE BB . ABLEAN REFREY XA
ECOM-Si 8% #¥E . R g B R U7 4,
PE Guo " RAZEEMNEHEEABUT 2
S M IRB AR L T BB i B R i
k. R TFRIE, RNAB ——iFR. BEEBUT
— &, Yuan 1 SuFUIHE 1986 FHY ARG R ML
P B, B LR AL 7 1) B 1) B S AR AL v e, R E
SHERE i, 00 B ERA—A40 3, ek
HIRTE BTz 8, HAIB L F 25°30'N, 124°E. 3%
ZH, 5 EARAMRSETSARN. KX, BHE L
WHY 2002 R [R 2= 5 B 7R V8 2B W S B SR IR M A
B EMOTHABER XBEREARGEPLEM
363 JE 728 fh A K
2.6 RBEHBNEMEFRERNBEER
2.6.1 ZR¥gEREWEMEME S RERGHEEER
PRV SR B A A Ak 5 M O P RUBE iR 9 AR AL
AHEYRFR A /NTRIT 0 (7] B
BRTERME IR T HARK A A EMSE
2000 4F 1,4,7,10 5 11 A4t 5 NEABEM KK SR,
IR ST T 53X A [l AL 72 AT A B A AT B9 TAE.
B SEITIE 2000 4 5 MIKERBRE S K
HTERE 7 UEE DM NE 7 kFk 1 a5,
FE 2000 4F 5 ML UGB PN BT A9 R L 1) O &
£ 11 AR R, 0 28.1X10° m*/s,7 ARTHE K, B
27.2X108 m®/s, BB/NMEFE 10 A5 4 A JAFE 18]
S0, B IR TR & L 10 B BT OK. 7E I L AR
T, ERMRIR TR, FACERSIERRES
ERBREE. BAE 7d BB RS A, 1A
MR EERS BORRIERN -5, Bk, 7

10 A 638 &F PN B @ &9 d AR b m) i & &/, B
24.6Xm"/s. 7£ 11 AR, B#URER . IR
THE.7E 11 A B, B PN B AR & & NGB A KEY .,
B K BEEREE M (LE 7R LLAR, 11
ARAERSUREI THM . KIER. Bk, 7 11 A
R PN B 4 7R b ) 3 & & K. 2000 4F 5 Ml
Wil i PN Wi ) e AR b ) i B P BB R 264
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R 1~2 A.7 A.10 A B B LLARER H
BEA RS BER. 7 PN Brim Bt R SRR QMR TE
1~2 A.4 A.7 A 10 AR50 5X10°,3.7X
10°,2. 4 X 10°H1 7.1 X 10° m®/s. X FBH, B DL R
RABERTE 10 AR &E,7 AR &5, I R, ARE
Te AlHN, 11 AR BEILIARBRHN KSIEREEL RZ
K RIEXR, EHEAN 1X10° ' /s, ERE
SEERBA, R AR RSBE BRI AR B, SR U B LT
/NS Bam 10 B s AE R b, 24 B LLAR IRCSOE R 055
(Bt 7 AHRERZ HIMAHE R (FlwmTE 11 A
B, ) R v O B DR &tk 10 A 11 A ¥ PN
W MR RS, B RENHFREARBERS, X4
H— R\ BGMEMEPREROMEEIERRE
HEW, XA/FTSE NBEEA K #—F A
RHE BN S AL

1 2000 FES5AMRET PNEEMARIEDRE
(FEERSEXRISERRNRR) (CEK[44])

1~2H 4R 7H 10AH 11H

Fi{E
7 1R/ S 1% 7 T 18/ Y - 18/.8
ARk H R/ X
26.7 25.6 27.2 24.6 28,1 26,44
106 m® » 57!
ARAb R/ X
30.2 30.5 33.6 31.3 32.02
105 m? « 57!
T g [ 3 i/ < .
4.6 3.3 9.0 3.2 5.58
10 m* » 57!

ERBATITC T RS SR 0B 6972 46 = B il
PREBOHEEER BX OEEREBREHREN
A5 Ak 5 8 v RO WA B9 8 L B9 AR 56 B B 52, Kagim-
oto fl Yamagatat & i} POM # A ¥l B i &
HIZE T AR AL ET 18 7 B R R B E T PN OB
HHRELEMETER HFERED TERE E6H
TRER P 5 MR B A R BE R I 5, X X R
BEURBASNEEEE/ER. RS T/E
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N
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N
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B 7 2000 FREBHIFBERBHSHE (K m* /)
a.1~2 BAK,.b. 4 AfiK,c. 7 ARLK,.d. 10 AfiK,e. 11 ABIKEERBOEDD

2.6.2 FERGIE AN oL B gk B R R RAS
il A1 R R T B AR B4R

AR/N EE A B BIE Nakamura 2 59 TENY,
LT #2580 2 1 0T B BF 5 B3R B 58 5% T 7E Bk 3
ot g e Z Bl BRI, R R TEER
FMERMMEHMAS, —FHEUERERMKESH
T 1~3 N A WA, FE MRS RS R
BREEAKRONBE(BES TR ;5 —FER
EEBENTH, EERERARAN 10~204d, 8
—MBINEE 2.4 TPt T. TER AR ERE
o, TS RO B e

Nakamura 251 5 F13% /2 E 8 7% b PR 2 930 3%
¥, NOAA ¥ 3= | 8 & (SST) Wil ; ADCP i 3 W
M, LA B ¥ 3 Bl 3, #E 28, 8°~30. 5°N ¥ 4 Ml AE
T 37 0 0 2 L B A R SR 1 a WEOR, AT & AP 4y
Brfn it o it B S %1 FlinE 8a,b. B 8a 2 50
AN R TH R AR B LI, T E W A W, BIGEE
B 3 BT SCline S) 138 5 it W85 0 % Wk W7 D T (line
T). E 8b Fw 4 R EEBFARPLE R HIE . AL
B R REIZEAY. 728 8a,b PHIHML, HEEH A
Flm/s; 7EE 8a MR REEEA 0.5 m/s 5§

1.0m/s Zf8), Hi & 8b RAALEREFEE/NT
1.0 m/s. A fITANE 8a, b LA K oAb 4r 47 A5, 3K 45
T—& B BRI T LA

(1) B 8a, b, 7E Fifi 32 3 0t W) o) g ok 2 ] R
ATE L B 0B R BA XSUBLRRAE. A 8a,b FI 4, B
3 1 ot S R ¥ ek B R A T A AR BB - —
B, KRB A, 2 500 m £ 45T 55 —
SEMIEE, ARERE AR 1200 mEE. B 8a,
b X8 B 27 500 m £E,AR#ETIEE. A
e ) 3 5 R TE L, B E RS AL E R 2 AR g, T
BXULE . HK L, 78 500 m LIREKZE, B
1 e 3 B B

(2) I\ B3 47 B8 35 4% (KPD) B J8) 5 51| 25 43 47 3%
BT BV B30 3 o L T R R A, T T R
EEEKE, HRBYN 1~3 1R, FELROBD
18 5 AL (T TE ) U, [a) R R R BE AR 69 4 el e
MR BFEH R mEH SR, RiASEBmT. 40
PR REET RGN 10~20 d MEKYH
200 km, H i E B BRI 5 T WG, HEw
& B RO SBE IR L AT LAY R Bl v 48 Ve 1 1 b .
AYgRheNimR st & B, LY R 2 rhag gt

oy
HEg



2 EEE. R EEEREE T EEE TRERESR

11

)R AR TR 2k 200 km, Bgdb 16 K 250 km B, B
ME A REAMNICE R EEE R B ERE. XEH
B 2 G B R B R B R A G i B Sl = R
TR BRRAPA~3 ), WWENFE 4R 0 B
B 25 i Bk A2 5 R R IR AR ELAE A I AR .
FETFTEFEA RS . (D230 hRE & RS
RETEREBHAT EINMEEHE IO RER?
O REFEESERROEET RS KRB
H1~3 A W7 Nakamura AR5, 759 30 5
BEERAEUBE LAV EE, B FEH#F —

HF T BB R TAE. B AT Tl 8B 2
H5UTEXLAX DEREBNREN (FEK) BE#E
THMEBAERNERORMBEEEHAX, XL
— ML EAATERRNTRE.

BEERINEEINESBURRAARRIE,
W B AENTH. X THEREBHERE S
FRE WA AE R AR R, A0 MR B 2P T
Nakamura % §) T4EU). 78 3 F) % J7 T 3X #9418 35
AEPZL, RINEFBSEPIEES LRTEHB
| R G 4k 4L #b T 4E.

132° E

Bl 8 SOANFMMEBZEIRBEMNIE (D4 ZRTDEBFHRIEHHARE ALEHHARAEER
(b) (¥ Nakamura %14))

3 BREKERE LAZR | AR R e

TETREREE & LR\ LLRS W 4 , 77 72 3 45 0 AN TR B9
FRESHER MR EXBIE A A2ERRR
BT kg 80 A Guant FIE R T %5 A
H A P8 2 BT 15 697K 3C . GEK W iRl K ¥ 45 B 75 %5 L,
BT HIAETERE D LRSS —LRERHE
BRI, REE 1986 FLUE @it B B EE
RUREZRBERS _BENTHTSBEAREX
EUMKREMEILSREEGEREHR, UK
hHBIAE AR S ER AN ST E, MRS UK
BEEEBRAANBRELRENMIT, BETAPEE
FRY. BAETE 2000 FLUF R T B W it
R (R FR KOP) , TE B BR B & LAAR K VAR il 40 247 %
R I AR BEE RS, A S
LAZR e 33 i T (PRI PR OK W7 ) , 48 38 K & 7R 1 g 3k
DA RSV ZRE M SR 55 55 PR TR IR , JRATD 787 it ik 2 B

RRE.
3.1 MBRUREXRIE

1980 4 3 A B AR~ B AR M AR 188 i ok
RS — MBS ZEMNBRE, EREE L KRER
T 200 d A, —HLL 25°20'N,128°40"E 1 27°N,
130°ECE . Guan®) B 4k 2 o0 W S0 B B0 i 12
. FRGRATERF R 70 km, FE# Y 40 em/s. IR
WP LB EhEEF YR 45 km/d (4 1 kn) (3
Ishii® ,#5| B Guan')). 5 |, 7 8 5 LI K
B B | RS RE IR A B R E R (T
T BIE T R AR T Flm = R R R
FNUOVHRE T HE 1995 5 1996 FH B EFERIE H LK
B TER T FER RS E RS E S TR .

AT R B A6 KOP 85 TAE, Bt Zhu
S0 g0 THE, MfiT8 T B 2000 £ % 2001 4E 8 A K
K SCIRE L PIES #1 ADCP # 42 Wi il 9% 6, R A #o 5%
WH B —LEBER FEBRINTBE—1EE
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13 HBARZRLOWEESEE, AR K, BKRAT
REMAREHEMR, EXMRH ARV EFRE,
FHUBE @R Zh EPI RS N E T E0H
5HETH 20004 11 AZ 2001 £ 8 AEMESY
RE ARG R, b1+ B T B W0 B R A e
MBI 130.85°E LI RTEAB X F 2 00 000
hPa T #9 7= b ) #4 b 5% 00 & , FC B [8) 3 3 7R Jb 1) 3k
B0 6. 1X10° m* /s, i1 — 8 tH , 7E 200 000
hPa T I 2 , % 0 il B (B 53R 2t 5 45 F0 iR B 5 1, R
B {8 R 8] 28 £k 18 B AR K, 78 VLI 3R /=) o AR L e
—9.5%10° B} 20.8X10° m*/s JGE AT, E&EH,
FRREEE OB ETMRBEIREBRNEE
B, XHERRKHME TR T ART RO P RE
B HWK, Zho 998 S — AR T/ED, BT e
BRFEEEAE 1992 £ F 2001 Kk 9 a B fE A #E
B BEALAAERECAER KW EL, B
—10.5X10° Z 30X 10° m*/s J5 B 28 4k, RIAE D,
ERFRIAEmEHREBES A BDEBEROREN, X
HBERNRETAKBETARMRO T RER. X
B TESERE S RE R RILERORERRERN
B PR TS 08 , AN B RUGA ] H AR 5T TAE.

E T HARKXAFEZEM 2000 4 5 MK K L
Rl B3k B B A8 QuikSCAT R 3% % 4, 21 9
ZUI R M TR ETRERESUARAREX
HMESHES, KB TUTHEEL R,

£ 2000 4F 5 N FEMK DL HERE W LR &
T AR FE R AR B Y L & Fh 8 19 SO =X R0 BE B )R
SHER IR CILE 9%, Bl 1~2 A B, i+ 8 X i
PEESRE, I FERSIEER W1, W2 S hE
LW/ C1,C2 %78 4 AL — KPR EH B
KVEIREY BE B R SBEIR A R SBER IR, AR
BB B — N BAR T, 7E T A o B] B 1) 1 T (UL
o) AHEWHMAT B HAKKKEXNBEIR W2 5
SHERBIR C2: 7 7 A B+ E ¥ X A EB AR B4 5
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Cl; 7 10 AW, i+ B X AR B FAE M
MERERARCL 5 C2 AN RAEXNER W1
5 W2;7E 11 A, ZEBRERE R LR & B E— A
RS HERE IR W1 A0 — A ROBER/N, 55 8 R SUJE = B

B W2 ETREEXRBEE - TFHIERK C
(LB 900 sx B B , 7E 2000 4F 5 MK+, ik
BHOHURAEEHGFESHBEAENPRER,
HALER IR KA (LB 95%)).
3.2 AMFEERMUEERRRE
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AWK MK SCBERE, SR 0V R A it B
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HAEAMN19.0X10° m*/s. LRES T 2002 4F 4
~5 AMREIRS (S MBS 44 M,z
RERSEBRBKERELAN 240 km, REAHAF
28.5X10° m*/s. i Zhu 25518 2 4932 K S HE 8 B9
B 24X10°~39X10° m® /s, 7E L LS . R0 %
ERLF R ER T Bz iR 7, BKFERER K, #ln
Kagimoto Fl Yamagatal*®) &4

EFBAKRAFEEMAE 2002 F 4~5 A
WEI K SCHRL, BTG 45D 16 IR 7E bR SUIER 1R 7R
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132°10'E, K ERE K% 200 km, X 57 R E M
200 m BRHIRE S B R E R E IR IR AR
X B K B
3.3 BNBERUEEXRRE

ET 1975444 A 298F5 A 10 HEAKR
AU A TE BRER B S LA RE 1 A 1T B9 K XA GEK
IR B2 k), Guan®®® 48 B E B EATE — M RERK
BIBEW (LB 10). BRERBHE S LI 4 7 150 ~
600 m/Z A FFFE — B BE K, AL f F 22°~24°N,
126°~128°E X &, /4. 18 BE /K Y 4% B L 500~600 m
BAEK BEHOMAGRELN 3~4 C.EH L
HEEK BE BESELINET -2 BEE
B /N, 600 m 2 b AL M %3 Z X 0. 15, f
LL, Bl GeX s A B IR (3 h E RSN KIEN A
—AMREELIRE B 10 hx—BIRERSNEE
5 GEK MM RO LK. ATLUEL . HESF
FaHAE Y — 5. [ B R E A R B E LN 30
em/s(#45 0.6 kn), i 30 4> GEK 32 Hl) it 3 F ¥ {8
#)250. 8 kn. ffr LAY fSE it sh # 3 — B, i it
BAES W ETRAR 24 850, TR AT LA S 3 A B8 R
ELA B 50 3 57 B b B L X AN BRIR R UK R

Dby it gt p) - 12U 2002 0 s DT bkl 0 S RN ERE SR O T AL T
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a. 1~2 AMK,b. 4 A, c. 7 AALK,d 10 ALK e. 11 A MK
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V38 O — B 5B T AL 5R ) S AR TR E BT o CIRTEE).
XEIABREFAENBFERILRE BEMNE,. 5
1975 SEFFAA L, 1989~ 1996 sEHA (8] A& | R L 75 [
Bt Ve B R B X A RHE R 1R (R
“EANR AR SBERIRT) BT A5 4 B R B ER
BES LAZR BT RO CBD SR ERVE R ) B9 B B A AL

A2 — (T, Yuan %08 Yyan 059,

HTF 1987 £ 9~10 AK XAE K H, Yuan
SGUURAMHE BRI EBHAERRER MG
B ERLF 22°~24°N, 128°~130°E K 18, 4 I — 4
PRERSERER, H@EFER®R, KEREAR
250 km. 5 bR & B iR A 0 B AR L B
AUBAEGEEAMHER BELENMLE BRHRE
Bh. HR, R 1993 F B F KU, Liu F %
AT ETE, WREUTEAREE: (DE21~
2N, E S A MBRH R IERE. XU E
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28° @0»7
197544H298 58108 ‘
N A AR AL A 0.6

Bl 10 MEBIUEEHERINEE (0/100 000
hPa, 1 /1) 4% 5 GEK I & R (A k) IR
(19754 4 A 29 BZ 5 A 10 B ,# Guan™®)

SERBRRRBAME; (2 EFE 22°~23"N, A &
5 A0 B AT M B 55 A0 v TR L X T iR BE
(8], B T AR LT 1 T A, F B IR pP AR B LA AR e
I S B BR VG L B R R 22—,

4 Z5iE

2R 3CRS R g AN B ER B 5 LA AR 0 38 T S R
REAFERIRBEMIRAET EAGR HEWNT.
4.1 ZHiEREZE.200 m LR G IER A
E g S A TE LA F — BB TR E
EEARINFESIEXNA R, RIS 78 CB[1]
1E T 178,

KRBT AEIRY. T ZRARIERB K
NN BHEFEFE AMEY T BNEEZSE
XA BCSBE IR » A5 SCH) 4548 AR X AN IR TR A ZE B
FEMIEFELE 2./ 3). X TiZiBHREME K
HLE, 7B A B k.

M BT S IER A IR, B AEEH LMk
1975 EH ol K A B A B SBER IR, LS,
BBRENY F 1980 FEE B WIEL TXIRF
FE. T Yanagi 0875 1995 48 6 A 15~19 A G
M5 AR KT T — ORI eSS, E B &
B S LIRS R RIE, SRR REET L

B MERSERARFET FE;AERBEAFMND
DEHFE - REN . EEESERIRE XE—
REEMWNEFL BEeH LM XEK LEZHN
Mg RO RTINS TR IR IE M E IR BRK
FATARAL, X B B B0 B M 5 7 R IR AE B AR Ak i —
ANEEINE. XTHMN SR RRBIAY 0 BH
L, FHEFFBRERME L. RITAN, 2PN
B A Wi 45 5 A0 S BB AT (UK 18, 19D R F , Uik
(18,191 W& 4 & 5.

KL ORISR ERR R AERKIL ORI HFME
DASSENEESERRNIERAR.FET
LAk, SEH P, %R PO AL B A 7E LA AL ER A i
33N M, EEEH , MAERY. HRAEKIIT O
WAEE—TRBERXIRIE.

4.2 ZRiEEE A0 B 3 B B AY TR i

RGBT ERMEROTHME, —FERE
BEgmESH InEREEREAR 10~20 d; 5 —
PR BRI R BRRETH, FE 1~3 DA MRS
IR BT, MEER Y BMMEERE .

B-XANREBRMET M REREE LM
P A BEEEREE, UESRNME. A
Wie T E B S E 2 8 (1986 ~1992 )3 1K
VA2 BF 5T WL AN 43 A O 25 SRUSST. 1988, 1989 N
1992 419 3 IR FE M , #HRAE 2 A K 7 ) g 38
FEGEmMBRE. HEERBH10~20 d, KFZH
REY 100 km A A&, W78 T B 2482 & 69 5 5% AL
BEERIN Yanagi UV R REZE AN B K
A Y RS E T IRE ST TS R RN,
REEERORZOMKEMEES YR 60 km
#1040 km, I AEEE B 29K 30 cm/s.

EEZRRGBRERESH, MBEBEIES
e 325 B B, — i U 7 P 0 BB A, A R
WA B RAE RSUIES Bl AT, — AR TE AR B S
KR HHIHNREZ-RERBRHTHALAR
RER, HRWS5HE MHRREDHFESH L. AL
BANTIE T LLFILANRAE . (D ARG B#mg B 7
Bl (OBERBUARSKERR, ZIRE R
e, HAKFERER A, 2% 100~250 km; (3) K%
00 ek WES R Vi sk 2 f) 7K 6 RR VR B AR S th AN R B IR Y
FMEAEF, i Nakamura %0 35 1, 20 48 25 g (10
JABZ A 10~20 d MK 4R 200 km, FHFIHFE R
WAL BB 1) T U LB R B S e -
ALY R B AR A b dm. R SRR TS
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wER . VEINMEBEILBORE. REENLY N
200 km, Bgdb 1 420 250 km A, B4 A BR A2 4 WA
LEMEEEIEERE. X RABBME MNILE
HEPBEENABIESRIIEXTR IS KRB
Ch 1~3 A~ A, 382 7 vh 48 W 4% b B 2R 25 it B
75 R IRAE/E AR L.

A SCHE AT 2000 4F S MR WITIE T ARG R
WEFMERT P REROMEER.
4.3 KRB UR . UEEERE

FEBRBES AR LB EE, FEE SMAR
o ROBE S E A A R SBE iR BE , AR A BT T
PRER S LAZR I I, UM FR B R0 LA RS 1 B LA B BBk B
GUBEBESHARNPRER. EHE LS UKRE
B, 4% [R) B AR AE I SUBE =X B s AL UBE = ¥2 it (1B

BER:

9 fiR), B IEE@ERT. 5 ES i RS E R
TRIRERGE, Bl 2001 &£ 7 A4, HIBRE LK
BEFER,MERK, EEEMNREHEm k. K
KARBRMPESUAEBEEARILAKNRESR
BEEEmW. FMADR BEAELE LA -1+
RO e , Foo8 B 8058 , /K F REE R T 200 km. FEHR
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Overview of studies on some eddies in the China seas and their adjacent seas

. The East China Sea and the region east of the Ryukyu Islands
YUAN Yao-chu', GUAN Bing-xian®

(1. State Key Laboratory of Satellite Ocean Environment Dynamics, Second Institute of Oceanography, State Oceanic Ad-

ministration , Hangzhou 310012, China;2. Institute of Oceanology , Chinese Academy of Sciences, Qingdao, 266071, China)

Abstract: Overview of studies on some cyclonic and anti-cyclonic eddies is made in the East China Sea and
the region east of the Ryukyu Islands. In the continental shelf above 200 m level in the East China Sea
(ECS), we discuss mainly an anti-cyclonic eddy in southwestern part of the ECS, a cyclonic mesoscale ed-
dy southwest of Cheju Island and a cyclonic eddy northeast of Changjiang. In the region near continental
slope and both sides of the Kuroshijo in the ECS, there are some mesoscale eddies with the different scales,
and one of their dynamical causes may be due to the Kuroshio meander in the ECS. The second dynamical
causes are related to the topographic relief and existence of Ryukyu Islands. There are two types of the
meanders of the Kuroshio in the ECS: the Kuroshio front meander and the Kuroshio path meander. For
the Kuroshio front meander, their time and space scales and the structure of the Kuroshio frontal eddy are
reviewed. For the Kuroshio path meander, we discuss the mesoscale cyclonic and anti-cyclonic eddies on
both sides of the Kuroshio and the variability of their character., Especially, we discuss with emphasis the
interaction between the Kuroshio path meander and the mesoscale eddy, and point out that the following
fact. When the growing cyclonic eddy in the northern Okinawa Trough dominates variability at periods of
1~3 months and its scale grows to about 200 km corresponding to the zonal scale grows to about Okinawa
Trough, the Kuroshio path translates from the northern path to southern one. We also review the interac-
tion between the volume transport of the Kuroshio in the ECS and the mesoscale eddy. In the regions east
and south of the Ryukyu Islands, there are some mesoscale cyclonic and anticyclonic eddies with different
scales, and the variability of their character is also reviewed.

Key words: East China Sea; region east of the Ryukyu Islands; cyclonic and anti-cyclonic eddies; interac-

tion between the Kuroshio and the mesoscale eddy in ECS
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Fig.2 Velocity sections (cm/s) across the Kuroshio east of Luzon .
(a) August 1965; (b) February 1967 (after Nitani, 1972)

80 FAFHMMAE, BRRGELURRHE L, BEH AR AREKE S LUK,
Yuan CEREWD) % (1996, 1998) © ik, LRFRZHAFEMTNEEERS G UK

FAEABERIREY B R AR R . RENDRENHAN L ER XK.
FREHIRS XM SHBREB G REHARIERR Gr “mia i

[RIA &9 LAR IR
B “HiEREWRT, AT

S ”
Uit

130(°E)

Fig.3 Depth distribution at isophycnic surface of &, =24.8 during cruise 1. (October, 1995),

(from Yu et al., 1998)!'%
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Fig4 Depth distribution at isophycnic surface of O, = 27.20 during cruise 2. (May-June, 1996),
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B 13 Geopotential topography of the sea surface in dynamic meter referred to 1200 db surface in the
summer (a) 1965 and (b) 1966. (after Nitani, 1972 or Guan, 1994)> %}

MEHIREL RRE, Hlin 1965 K% 1966 £H ZF CSK W HB HMEE 3 HmE D4 B
(B13a, b) Lk, GEURKESREUE - BER, BE RS XRAIERE S UUREE.
Hasunuma & Yoshida (1978) "4 #2 £ 4 4 HAXRMI /K S 25 kbt 2275t g T 31 ) B B 40 A (B
14) HRBIXFEMRA. b, A2 H AR, W 1965—1966 F£4ZF (B 15) AFME
A, 2T 1985 FYEMNELURSHBET HEREHAHIT.
M EHEBT 51— e ) o v] LB HIXHEMPIP 458, 78 CSK LRI M+, R
1995 4F 10 A% 1996 £ 5—6 A EBUAK BE A HRAE S ZAZR, ENEN EILRARE



CRRA AR SRR 58 AR, T (R i R 2 R i AR AL B ERBE & LU, X R —A

Fig.14 Annual long-term mean map of the synoptic dynamic height (0/1000 db) in 10" dynamic
metre (after Hasunuma & Yoshida, 1978 or Guan, 1994)""> %% Broken lines indicate half

values or, when a continuation of a solid line, they indicate insufficient data.

0

Fig.15 Geopotential topography at the sea surface (in dynamic meter) referred to 1 000X 10* Pa
surface in winter 1965-1966 (modified from CSK Atlas Vol. 2. 1968; here after Guan,.
1994)112:291,

ERENMHRS . BT AN AERRAR, RINRFRSHURE T R RILHAS, R
MR oAb A MU ) AL B R R ALHES) (AR R AT RERR T —2EiAie) & A2 7 S
ZEEIEWEUT A% K, BETRIEHE B RIGURS B RS UURBEELL? i+, 68
PR B 3 F LR B At 1 RSB RO HE AL, B 75 a2 R A R 70 ST, 38 7 B MK SCHFAE (B
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. BEEW) IO ERIKRETFTEFSIHERNEXLR. IR, ERSLNFEBRHING,
SEENEMAMG A HEEREEELURKEEITE 1995 4 10 B K& 1996 F 5—6 3 HAE H
BAERRRESFREEENO RS IAR . 0SS ERELAR T R IRAX MR R ER—
EFEMBRR. RAYEMRFERRAT I HTE T —MER FEEN 24 B, 0.25°X
0.25° RN EEERR . ZMRAE 3000 m UEEFESEHNEBREBE, BehhA
Hellerman % (1983) () A FH KA/ Levitus (1994) TR, EHEXIRS 50 FRL
BERE, §MAGESAELUR 24N MiEHE —#Ho KRB 2 HE, IARTIARSNE
HEUBEER, REERRBRURARILRS), FEEHRRER4, 51T R EHES
BARBOSEN “RoX” (LE 22), MFEAIHE, SBURRANASXRRTREE
—MEVREFRBU RO RSINAR. HXERRESENS IR IRETHRBEN, 2R
RT —M@ENSERRG . 75, BAKKFIBRENATEE, HEXFEF BT
HEFHNRD X 008, RENXCAZREENEESER. #—PREE¥E, AF
WEHERZKIB) I RE R IT BESRAAR, UHRITREN RS AR ERBE
.

VB — A B AR IR B, RATTERT Y 1940 4F 2-3 A B A7 &8 LUK B — IRIEK (F
& 1200 m) MR PR SRR 4 B S B AR RIHRH A S, B 16 4 H T 1940
F2-3 AREREME. 200 m. 400 m. 500 m. 700 m. 800 m A% 1000 m AHXTF 1200 db &
EshhmEsAE. AETLUBEEEY, BTEZEURER—NMRELN 100 kmX 200
km B)IER K SR A B LW KAHN K RE, BEERTEEREEEN, REHRE
th(EER “wdT”) MR, ARANMREESBRERARE, mHRNARZE NS4 R
VESBER th, FHFBEERBERER, XA RE XA/ERAIERD it M RIS R RS, iS5
MEBMEFRE S FRARMS. B 17 ZE 18 25 LE (0—600 m) Ki&EE (600-1200m)
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RIS R AP F R B E . B8 17 TR, B EEMRESFE UL
XimbE, EEERBLUAIERAREDE, WEWULRBRRKRRFFEE, 18K
REMGVRY, EEEMER, BRORARSERROSRELN 245y USv=10"n"/s), &L
B EARALT ARG RBEL N 17 Sv. M VERRMMETT, 4%F 56 Sv, B 25% ZEGH

V(600-1200m)

%{;ﬁ

a b -::3
B 17 LERFEERERE (cm/s) 24 B 18 FsEMWE (Ll 1200 db
(EERE, 1985) 13 REAE) GBERE, 1985) 1

ERKRARRARFF. B TLAERERIRE R, AMiXEas BE/KRE 4k 8 mpERE
BURHEE? AT, Guan (BRI, 1984 BERE 1985) "GN —MERIEL, KEE
B LG e IR R AL At B T R LUR Y RO P ZE VR B 10 B ) AR IR O BSR4 R B U, T BEAE A
B F R RN T MR, 5 Kawabe (1980) "B ARMFEREE S REEEF
BRAREFBRR, RFREREEALFRE LRy AMEERY, YFRANEBHES
BURBREZREHHE A KBRS, KL, MR BEES B REERAY
AR R ZR 35 EMER, BMEEKEAE. UEZISMITEFELS RBEmE L 600 m
LI HBIBZE T (dome-1ike) 4077 (MEEW, 1985 2 & 3) "HIRFE.

EMREMFRAR: XMERESEURBH I TRAUNRILMREGTRENEMNE
METOEHRAOST? BRI RT? EREBHMELSZ, IHARERL? LI
RO R ERMFA?

2. BERBIABESINAILRR, ERREBEEFERN

RIRB O AEEEAESE —IRILAR, X7E Nitani (1972) “HHRE REAGLESE
PREREE (B 19 PE4KFH. RS E TXXHRREN S ETML. ToEH
PAEE (1990) "iRiE P A BEAEREREOSN, RXTRIEATRN “RERER”, 3
IWARBRBE G RWIOEEL. REF —HKHHFERR, HRXIEBER A —5T 2 B8R
BB R . BT SR FEPI2E G R RANEAN, XXRIEMBEBEA
M LA FE g 32k 55 ek v S ) g sk B R WS AL ) KA R I TIC A LR B A LA as KA B
(CHRPIERERILANBEABRER). BEAXERTUMBITAHALERIANRES
TWAFREEFMAORBIE—INMAFHOHEET, BRER, BXALUBENEHSERIRE £—
HEREEE, HPERRBESAENARILRE.

"Kawabe (1980) g, HEALIBREILNG iR, EHRIREZEH UARTRRE LM SHTEL
FAALEEE R
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Fig.19 Schematic representation of the current system in the East China Sea and adjacent area
(after Nitani, 1972)?

Pacific

Wit H R ARRFEARESERE, STHEREERAEANXZ AR MAKHFTEE T
MAHE. M (1991) "™ i5H, 7E 1987 4 9—10 B & 1988 FHIE M ER#EA
WE—FAbEER, RESHNLN 21 Sv & 27 Sv, Hifi (BAXKE) REXREMLE 400
—800m BZH, PEARAXZRILAMET “RKXERELEH” (Subsurface core
structure). EFRBHFFRE _BEFERRAMEHEABERE. WMRERREILSKELE 1991
F11 A 1992 F 9 F BAE M4 SR =AERESS (0A. 0B, 0C) FENRE REH—HE
LiIXBEERERILEA. 1991 & 11 ARWRERGTHXEERNE 20 Fi7c (Yuan et al., 1994)
UO0A B K 1000 m) 570 m EALEFHIREN 21.7 en/s, HiF 66.8°; 870 m BALKY
FEJRER 5.0 cm/s, M 50. 9% FE, ZERILAFBFGEE (0B B/ 1890 m, OC B
2000 m % 4500 m) FEFER MPAE R, XEE T —TEENEB. wiIRNEY, &E
BT R B P AL KR BA LR, B F — 32 f9iA 75T A RETIEREE & UL R i
% CRERIE, 1993) ", KPR FEIEEREERESE (YKE. B, ZER, 1996)
© BEAFEERBEEMER (R, A, Y5EF, 1992) * B, HERE
BRMBEAFEFEESABEHFATHARIERR. B2 XTXZRILRRKRERLFE
HRERE, PHEENEEIRGIME. B, Su (FL2, 1998) * [ EIHIFIF
REFRBETHISNEEREFIEE, “JRK MRERHBRERAFTRRERZSEW, H¥
BREKXT 20 Sv, A 5KRERMAELE. B2, EHNRELITHERE, IRKEFEXREHE
VIR B IR MI® (recirculation gyre) RITGOUERSIR, AT HI AR B B Rigk IR
BIRRW” 7 fIBIAk, “JSC WFARM, BEIRD XN MM LHERERE B & 7w,
JCLL 1995 % 10 BAREK”. B 22 REBIEMA 24 B EERTEBRKEZE (7 B4 1E 325
mjEZ LHWER. FTLER, MERESUANARILAREXANER L BEE R, HEEX
MRS RFNRER 1500 mFER 21 AMBERE, XZREANERAFEFE. B 7R
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Fig.20 Progressive vector diagrams of observed daily currents. (a), (b) 570 m and 870 m depths at
0OA; (¢) 1890m depth at OB, (d), (e), (f) 700 m, 2000 m, and 4500 m depths at OC.
(from Yuan et al., 1994)"8)
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K8 KB, 7E 1995 %F 10 AR 1996 F 5—6 AMARTBRBE R U AN ALARKBEBULRE
MRS XURBERFRHRAERR CGEOEYS, 20000 “, BE 10 XE 11 MEH,

1997 & 7 AHRIGRBE R L RYEDRARDEERE 22°~25°N Z AN TR, XZHR
WAE 137°E Wil ERRBLA N 15 Sy, ERAEMABE GRS A=z, KEEHTHE
127°E BEE%E ) R AGHS v 4 B LUREEIR M AR AL, BPOAIRERER; ERERAEMHARS
BEW. BB, SEURBEIFAFERENR SR MMBREE R LIRER GFRE, 2000)
€, 1997 % 12 REREL. SH SRR URBEEE— MR AN RAERFLR
#, HBEMMAERERIESER (LB 12). 1985 FVEREAET 5 1997 £ 7 ARmHE

21°%45N

; J 129 E
Computation points

~-Sizszecs

o S

Depth (m)

Fig.23 The velocity distribution at Section CD during May of 1985 (positive: northward, units: cm/s).
(from Yuan et al., 1996) (&
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P 24 The distribution of stream function and total volume transports (units: 10°m®/s)
(from Yuan et al., 1996)®
ARG R. B 23 £ 1985 F 5—6 A GBEENIE LK S RIRIEG 21°45'N [ 7 EH
2| 129°E R E LARE SR . TLUER, SEURRESEHIMLRREZ. B 24 S
A HREREE S 2R PGP /K ST A B ik SR RO U R B R B A0 A (Yuan etal,, 1996)
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SETM, 6B UREHOHAN RS LRARE: MARRBESURMARIEEAR B 129°E
FE MR REERSTERE. WA XS REOARILRRFFFEE B URKE
& (Yuanetal, 1996) B, Dl EFIRAESREER T HERES URM R RAEMHBERRF
EFE, TAXERSTEUREZARAMNEE., BRSHERHI{UET . WOCE/Surface
Velocity Program FIEREEHG ¥R FT R 7 & BT (KORDI) 7F 1989 — 1996 4 ¥ (8] e i ) T2 JB BF
SHEMESR (& WOCE #lE, XHERMNEEAN 15m) BB HmiEcER (K 25,
Lie et al, 1998) PIREA, ZEHHARBIEREES (AN —EERD) ABERI—HEM
SRR ASBERIRTERT &, ETGMRER 4RI F I RACKIEAL, FFAE 29°N i, mhREm ik
AHESREREHNEMLCS, —BRAAMEKEER. FUl, ERPRTRESURNER
ERMRKREE, CEERANMARSE - BERRURHNRSERRIE.

Fig.25 Surface current vectors derived from trajectories (1989-1996) by 20’ by 20’ box averaging.

Vector scales are shown on the upper left panel. (from Lie et al., 1998) #!

H—T7TH, BAKBEFESE S 1987 K& 1993—1997 FHARZE 4R 5 R B8 OK Wi
(BNWIEE SE) L 14 K CTD W45 3R, #1188 H T 55— MEZ U 4518 - Nakano F(1998)
e, 7EHHAIE OK WmIARXT T 1500 db MR MM BT EE, KRIDBBE 2—
34 Sv Z[8], FRILAEMFEME (11.9Sv) 5FEA R FHME (10.18v) JLFHERE (H 26,
USSP ERREN S, BRARATESE —XREMN KL mR.
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Fig. 26 Time-series of geostrophic transport across the OK line (upward (+) is northeastward current

and downward (-) is southwestward current) (after Nakano et al., 1998) [24)
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fhATIE 434 T X — B # B TOPEX/POSEIDON T & Jii48 g [ 5h % (SSDH) 446, K
IFE 20°~25°N Z [ — SSDH BfEX (RAHER) BRATESS), EFMEASR Rigigit.
AR, XA BEXT TRERBE 5 DUAR MG O A=A B0 . SSDH KI5 AT VA 45 b =R B (I
B 27). XFH AR DR E A R AR EA R S, NIIARFE i
B ARAE R

122 124 126 128 130 132 134 E

Fig. 27 Three patterns of the distributions Sea
i Surface Dynamic Height (SSDH).
- (after Nakano et al., 1998)P%

UENAT BIELVFEASEER XRRE D REERARIEmRAAFTIER. 7 90 F
¥, Guan CERRE, 1994) VIR $ RN TEk B S LRI L B2 R HitiX
PR B, BB B U REEASEFERIL AR, (BT AR — SO LS R,
AL RE—ABJUAN R R T8 SR E I — 38 4%, '© RS S L2 R 4 BRBRBE 15 7R B e I v 1
LFHRIE, FNEARIFERE —FERYT W, FHIELL, THNERE H4 i R
MEIELE . SEFTREMFH £ %BEH: Hasunuma & Yoshida (1978) MURIE 24K BT 15K
SCE BT EAR A AR T 1200 db EKME IEESAE (LE 14), HERHAESEN
FREREE R DR, BT BRI RERMMEERS, £F Bt FEE=18R, eI
5 (AR EAymmARdL, ATRAER—ZRIEMmR, BB RARIFAELE, FladEATqe
(BB, MAlE BRI ER S KLl B, 7E 1965 FHZFE (A 132), EEUKREHAN
A—BRiR, BARMA—AR, MERRBESURI— BRI ERERNEKERRS, ©
fETA R AR AT, BT 1965—1966 EL&ZF (LA 15), XK BTN — KRR (REPE)
s, TRREAFNERRESRENALAR, EEEBALIEEYROEH"T, 5
T 1966 FHZE (WA 13b), BERMABEREAHI, BRzRE D REERAHEBIRN
H—MREARLKOARITY, HRTERES RENAOARKRTRE, RILmfy k.
Fril, MBRBERIAEOFILARAR—EFEN, BHEHABEENNE. (B 1975 F 4
—5 AR, —/ANKMEABRX —KBAERRBES RgE (LE 28), FMLERS
GEK WIIMis BT —5, WSS RERRHEIRRXRR RIS, | EiRE
FAKIATI KA AR E 307 & B 4 A SR, BRERBE S AR B 1 A At 1] B X LR R
MBI HBL, EEMEEERRAONEER (BREB) MMk (). FUXERIER
M EERFER R SERROEE. X556 25 HEEHEREHFMEEHNRELBEEREME
LY EH.
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Fig.28 Observed current velocity (GEK, arrow. Kn) and sea surface dynamic height topography
(0/1000 X 10* Pa, dyn. m, streamline) of the warm eddy in April-May. 1975
(after Guan, 1983, 1994) 529

XA AR SR AR : IR SAREEROARIL AR, BREEERAMRELSH HIH
RABERR (BRRRAR “BERRN R SRR WFEMEIE? G- TR KRR
B BRI — G LR RFR 03 ESRR MR R ARIL? BE A 88K B AR THE
m, EERRARMNESRBRENREARIL? (AR, B HBIRRTE R RE SN
AR, B 25 R, BREEERIEE). MBEENSER (B 22) 9, BERHSK
FE R R AL R B BREIFE B B LAKR 23°~24°N M R AR 4 tH 9 4 3K .

3. BEMERRURERNEERTR

Stommel (1958) MR KR EHFHER WA 29 Fiz. NxBKEFTUEY, 1t
RFFFEHOERZR, EEFLULRABERR, SHRESH, NIEEEERHAIRT. 53X
HRAGEMRIRYE Reid (1981) PRy X4 “FEBER” (mid-depth circulation) AIMEFR,
EIREF RS EER 1000~3000 m 2L MR .

Fig.29 Model for deep ocean circulation (after Stommel, 1958) 7



EEMIERE (L 13N L) URMHESEESMN EER, SFERARAMESER E/EA
b zhi, BIRARAAG. Moriyasu (1972) PPIZERFE “Fdb A FEERIBEK” B, wHE T3
FREHR 3000 db H LIGEEHN, GRRE, EESALALEE—Z @R CLE 30).
X5 Stommel X EAARF. Reid (1981) PIZERFST “HE 57 AP URREFRAL” B HAFST T 3E
FFEHFR 2000 db A LMK BERR, SEKRA, EEMALRL, 0.7 /K KEEEIR
B LB 31), Bl5 Stommel £ EAHK .

4D
3000/1200dh

>

Fig.30 Geopotential topographic  chart Fig.31 Steric height topography (2000/3500 db)
(referred to 1200 db) of the 3000 (After Reid, 1981, in dyn. m)*
db surface (After Moriyasu, 1972,
in dyn. m)i*"

90 EALH], Guan (1990) COEMTHL CSK BRI K SCR B 2118 B BAR R R K4
B 32 BIRIE 1966 F 7—9 AEEEMIER R LR 14 AMNEKE GRIEE >3500db)
BHEERRILL 3500 db A FHEsh AT HSBHAEE. 1500 m & 2000 m BRHASHE.

10" Lie r 130°E 120 130°E
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Fig.32 Geopotential topographies (referred to 3500db) of the sea surface(a), 2000db surface (b), and 1500db
surface (c), in dyn. m. (after Guan, 1990) B

HETLUES, BHE5 1500 db & 2000 db M L RAMREEENE, FEMEHE, 13°N LIEX
WA —mAK RS ERR, BREELBERMARIL, FEHAULTRERER, XA LFER
KA 13°N 4 Xjgdt L8 B (R E b m ) M R A2 E30 . {8 7E 1500 db & 2000 db
mENEER—SHERNB, 13N UEERFEFENE AR, EBUMIERR. XMHRES
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Moriyasu (1972) % Reid (1981) BH K EEAFRRURERNEEZREE hiLRTEAS
[, Guan (1990) BHMEEHXE R, X5 Stommel KA EFXHOMER. H—HEK
WA F SRR, KU 21°30°~22°N A — &N &E mkiE, XHEHA
ZET 1969 4 5—6 AMMK . L 3500 db A FHAHMBREMEME | Fim. BR 1 LLE
W, TEEAELAREETE, K4M 600m LUEHEIZE 3000 m #48 R, 1500 m 4k
BRI EIA R T 4.5 cnfs, KRN/ ERE . A0 5935 18] £ R [6) 1067 2 fe SE IR
BB 3000 m, XEBEMAMBRGER. L, SEAEEREY TENEZMEE
WRARBEN. JEAR, ERANZEEIAR ML RR T HFESEREE LR
BEREE BT HRRUROEE U RREREE S BEEEERRE, eBET R RsrE
i, FHEERAEREESY. $EK, BRI HEREREEHRILIEXZHERERNE
BLANSCER, LM AR —H SRR RS — SRR,

£ 1: SBELEEEIBAAXNT 3500 db FfHERE (cm/s) (Guan, 1990) BV

Bl No. 4-3 No. 3-2 No. 2-1
Depth (m)

0 15.5 24.0 225
50 16.3 239 2.8
100 17.5 22.1 232
150 16.6 18.3 212
200 15.7 13.9 -18.8
250 14.9 102 -16.5
300 134 7.9 -15.0
400 8.6 36 .11.4
500 3.1 1.0 7.6
600 0.9 .12 3.4
700 2.4 1.7 23
800 2.6 2.0 1.5

1000 2.4 34 0.8
1200 .39 2.4 1.5
1500 25 2.7 08 -
2000 .18 2.4 0.8
2500 -0.5 .15 0.9
3000 0.3 0.5 0.4
3500 0 0 0

+: LA - FEER

(1) &, Qu (HIEH) & (1997) PUHRIE BRLIZ KL 18°N Srlfi F3t 14 &
CTD SRR Pkl sh h it 5 818 T X T 1500 db [ K62 Hh ke ik &) i n i 33 K& K
34 fi7R. XEWRREBPRBREER (TOGA/WOCE BRI —84) RbESERE
AT 1986 — 1991 F BT . MIXEE I 4377 B 7] LLAR R0 E 1, 76 B8 FIEAM 500 m
B, FEESLELARMARMNERKXREYR, Qu FHRZAN “BRHEW” (Luzon
Undercurrent), HMEZ) 50 Km. 7F 1986— 1991 fEXNMHHIE, HEAESIELZREHHM KK
T, HER—XRE “FAEM” (permanent feature) KR . B RBHREFHE.
BETHEAS AR T 2500 db TR KRIEA N 7 cn/s, AT 700 m &b, FHMEREL S
3.6 Sv. Kagimoto & Yamagata (1997) ) OGCM B4R (ALK 35) 5 QuEMitE4 R
EEd ERA-BHC,
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Fig.33 (a) Longitudinal and temporal station distributions (asterisk) and 0.5°-longitude bins (dashed

line) on the section; (b) annual mean geostrophic velocities (cm s™") relative to 1500 db with

0.5° spatial resolution, where the black area indicates the topography averaged between 18°

and 18°20°N. The contour interval is 5 cm s™' and the area with southward flow is shaded.

(after Qu et al., 1997)BY
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Fig.34 (a) Longitudinal and temporal station distributions (asterisk) and 0.25°-longitude bins (dashed line) in
the westernmost 2° band of the section; (b) annual mean geostrophic velocities (cm s™') relative to
1500 db with 0.25° spatial resolution near the western boundary. The contour intervals are 5 cm s~
for northward flow and 2 cm s™ for southward flow, and the area with southward flow is shaded; (c)

same as (b) except with reference to 2500 db (after Qu et al., 1997)P"!

21



MODEL VELOCITY

500

1000

1500

Depth (m)

2000

2500

I
122E 123E
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southward folw is shaded. (from Qu et al., 1997)P!
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Fig.37 (a) Full trajectory of float 26461; (b) Trajectory of float 26461 near Luzon.
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Fig.38 (a) The pressure and (b) the velocity field at 2500 m level. The shaded area corresponds to the
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EHX. | ARERFENHEGF (AE la). LEKITOERERE UEHAE Y
SEFRERE. JEBREAFEARE (1X) HFESK, BKITORGAREEHEDSHEYS,
SEMRTE R REBAKNEL, BRI EMEETSURE (IX) MEFRE
SEBEME 22°N MR (0 K). X=$hBREXAEEE BRI AREM. | X
SNEXZEMIRKS M X2 [EEE AR, SEKENEEL X ARM®, K3 —
0.05~—0.77°C/m: 11 KIRZH—0.05~—0.45 °C/m; I K8, HK—0.05~—0.38 °C/m.
EREESHNA 0~35m, 15~50m K 0—15m; BEESMA 5~36m, 5~9m K 4~10m
CRLER [2)). NIRHAR, HESME. BE. KWEER, Ul ERERFE X5

© ETRE T EB RSN A SR AR D SR EEMEREAZRE (LASG), FHE
HMEREARAB KZ952—J1—405 % B, EHBH.
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PERR 2N I SN (R (CTAn)
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PR T 1 5% ' I
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luycr
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—000— REREUBINIMAER (CAn)
Isointensity lines ol shullow—wa-
wrspring layer (Cdn)

00— RGN IR (CAn)
Isointensity lines of deep=—wuler
spring luyer (TAn)

— = EKREAVEAK .
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S e ORI (R R R )

=gz W)

Limits ol iuversion  spring
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BE. 2 A, IKBKIOREEMETSHEHFSERmARES. XF, IKTVEIIRXE
B, DXyHK. I X B4R S MRS EMHE 22°30N fHE (LE 1b). 3 AKX TEE
51 ARAL, RRIKEMSIS LIS DEF] S, TXEHEE L ILEmRE
15%; X B4R S EMHP] 22°30N HHE (LB 1c). 4 A, K110 T R3S KM %
I X BA LSRR HEREKE, HEALISRAYTE, BREREs e LyE.
O RIERDHES B, mEe IS, mRAEEAT (AE 1d).

AL REA TG RERAEHRERKERER, THIIZFEMINEG. BERS
B EE TR A F R E K E S MR R 1 TR, XEES| A & EEFE S RE
1959 F 1—4 ARIMR LR .

R 1: Wik, BRIOGAFE C°C) HEWME

B ’ 7K
¥4 0 5 10 i5 20 25 35 50 75 | HEE

(m) i (o)
go3o'N, | T | 1010 | 10.32 | 11.75 | 12.11 | 12.69 | 12.63 | 14.12 | 16.17 16.21 | ¢5
sospp| S | 3059|3059 | 3142 | 31.65 | 31.82 | 32.01 | 32.81 | 32381 34.07
hsesoN, | T 9.62 | 9.63 | 1031 | 1036 | 10.34 | 11.54 | 13.21 | 15.30 1529 | ¢4
aesop| S| 30-32 | 3048 | 3151 | 32.07 | 32.14 | 32.83 | 33.89 34.04
bge3gN, | T | 1348 | 13.74 | 14.06 | 14.48 | 13.95 | 14.07 | 16.51 | 17.42 17.50 | 655
l2oo3g| S+ | 3041 30.99 | 31.78 | 3250 | 32.83 | 33.01 | 34.07 | 34.22 34.40
pgeoo'N,| T | 14.88 | 14.85 | 14.87 | 14.89 | 14.93 | 15.07 | 15.05 | 17.23 | 17.63 17.63 | g3
o3| S| 3286 | 3288 | 3295 | 32.97 /| 3297 | 32.92 | 33.17 | 33.10 | 33.10
bseooN,| T | 15.17 | 1517 | 15.18 | 15.16 | 15.17 | 15.17 | 15.17 | 16.20 | 16.23 16.24 | 100
oacopp| S | 3384 (33843378 | 33.82 | 33.82 | 33.69 | 3371 | 3423 | 3423 | 34.07
nseoo'N, | T 949 | 949 | 949 | 9.60 | 9.96 | 10.76 | 13.67 13.72 | 49
hoeopgl S | 3075|3077 | 30.79 | 30.81 | 31.18 | 31.62 | 31.85 33.21
b3e3oN, | T 152 | 1551 | 1578 | 16.11 | 16.23 | 16.30 16.33 | 34
17o30p| S | 3245|3236 33.04 | 33.55 | 33.70 | 33.79 33.80
h3esoN | T 16.2 | 16.10 | 16.14 | 16.35 | 16.66 /] 17.81 17.89 | 43
nesop| S| 3283|3274 | 3283 | 32.97 | 33.30 /| 34.10 34.16
b3e3oN, LT 14.8 | 14.17 [ 14.51 | 1472 | 15.01 | 15.03 | 15.06 15.06 | 39
iesog| S| 3075 | 3171 324 | 32.56 | 32.99 | 32.99 | 32.84 32.99
bieson, | T | 1694 | 16.97 | 17.18 | 17.38 | 17.36 | 17.37 | 17.44 1743 | 42
eseE| S| 3310 | 3315 | 3305 | 33.57 | 33.64 | 33.64 | 33.68 33.71

MK | PEEEESANEENT RS, EMNIMEEERKE 58 LR 5 M A
BEREMBREE®RSBL, X5LR 1 A I XUERKEL I KPERPEHRIET. T8
YIS P AL A IR OIS R R E, N 2 R B 3 HR 25°30'N K& 24°30'N BN T A9 R B FE A
B LT E B4 8 B« RE K S r0 B 2 K0 B EARS R & R 40 & B g ik b
FRERKE. BHATSEKNES M RXFHMKAENESHER SR Xl
HEE BEEEERT 1984 4 1 AAESREP,
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o

B2 W (°C) WS (a. 25°30°N; b, 24°30°N M)

_F,
E X
\J
Ny
o S e e ol e i

Bl 3 HhEEMESA (a 25°30°N; b, 24°30°N W)

(2) HRRKESMESFEERRRIXR

FE BB 2, RIETIERG REEIRA L EX &L BB MERKEM AT SXE
EEBRNXR. BAESEBFEEESRE (1958—1960) FUASH B LAWY RIEHEER
VEERAMINEREZERRES M EEEYE R ISR, B “BEgER” M ‘s
BT OERE. LR, 1964) YLk, whERBEILELAERREHNELNRES
T, FHANAR—ROFER R T . 60 FAY, BEASELREE (FEBERD
M. EMNERE (BB M 5mER, RAREMR NE fi5RERRMER L,
S (1964) Pl iR R Z 7 & 75 Mg Uk N VR RS 2 1 T B 77 10 35 0 KU B0 B 2R b 1 SR
SR WEXAE, BEEREEL AEERE SRR, B XATFPEAEILEL
= TRAE ERREIAK. 30 RER, X—WEEERSEEILIKIEL. IR OERTHEHEE
N ERAEEEEL. WREE . GEILEAPLINGREE A TKE” KMERERE
SRR, 6K R EBRAKNEER RS, —FENFERE ARSI, iR
= EEATH AT (4%, 1987; KUERS, 1992) O, HiF, MEFS (1996)
CEUANERBUT, REEERERSEE, EEER. SVSERERNSBRA=5N—
SEEAS, MBR—MER (LE4), FRERA “FR. mEREER" HLE.
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B4 miEgtd. EMEREMAEXNEREREERTUSEE RIEWTE, 199, BT “P
EFRSREN” M ‘R, EEREREIR —RiEEE) ©

G UG R HTREEGHEREGE (22°—32°N) &5 H I i B2 10 X8 L
FAERRRR T, XHE, ¥R T 3R EFRAUK B BB R — k. MTHE—2 WK S
FIEEEREE 30 REAMIRHEOEE: LFEFEEZERERENEEER (2PREE—F
R4 ¥l & S e s FO IR T S [ W R S TSR AR R, AR E A EaEA R L
B— B (BFRE. T2, BWAL, 1964; FRE, 1984) B, MR, XFTHERE X
FEEN, BFETEEE, BHEENKE.

2. IR BRI R
MCERRRIE W, —FEHE, &, REMERKE, B 5—7 ARFHIMS, KAAGK
B AR BHMRELT, AR 1 A HRELRESIEAREFERNTERKENE .

(1) WEERE > AHEGR

B s RXER 2] #1-3 AK 12 3%, BREVERXESME. HER&5, HEELEE
RILRREEER, URKES MR RBEJLFEN S, WK R Ak,
1 AR LRSI EFERBEAEREKE, HREHI—0.05~—0.78°C/m, EREEHN
0~50m, EERH2~23m (LXER [2] K 52), 5REATER XK1 ANRKZERLS
AEMRE. 2 B, URFESREHERKEX AR AT R, S TEARBRIEKE
B (WE 5b). 1—2 AMEGI O E — M EEKER. 3 3, HSWLERES R
WK E X QR EE [ 2 g 7 1) SR, BiA SREFHgU —r o [B] BT 7R e A SE MIVES Sh it BRSE IR R
EX (LB 5c). 12 AR#. REYEXESHAE WAG, REaEEATS, LERE
MEKE (LB SO, BT 1 F, ARG E S R ¥ B R RERE RGSIT
O%4. PEKEXTEEM 12 B3 | ANXHEZERWN, REBEAHREG—A .
BN TIELXBEXSHPRKERS, F 2 518 UEE SR REFEBTER 1959 F
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#£2. LWFERLEILBEBEBITER 1959 F 1 AR (°C). HERRE

=S LA A i 0 5 10 15 20 25 35 50m E g
: (m) B |(m)

202 38°00N T 36| 3.80 | 436| 493] 5.02 5.02
| 121°15’E S | 30.14 | 3021 | 30.97 | 31.60 | 31.62 3162 | 23

213 |37°%507N | T 22| 212| 354| 3.66| 3.83 3.83
| 121°29.6'E [ S [ 29.34 | 2938 | 31.18 | 31.56 | 31.58 31.58 | 22

214 | 37°41'N T 06| 066| 061 322 3.22
| 12127’ S | 2718 2721 2721 | 3035 3035 | 18

207 373N T 08| 081 [ 1.16| 141 1.41
121°45°E S | 2703 2712 27.66 | 28.01 28.01 | 18

220 | 37°39N T 16| 1.63] 196 ]| 2.13| 259 2.59
122°10’E S | 2812 | 2840 | 2877 | 29.09 | 29.76 29.76 | 23

2029 | 37°40'N T 16| 153 | 127 | 146| 3.04 332
| 122°31’E "5 [2833 | 2831 | 2848 | 28.87 | 30.17 3034 | 28

2030 | 37°30°N T 12| 1.12| 174 213 | 204| 253|230 2.30
| 122°375'E [ S| 28.06 | 28.08 | 28.64 | 29.18 | 29.23 | 29.85 | 29.61 29.61 | 39

2067 | 37°26'N T 14| 195| 258 | 261 | 324 341 3.00
122°50'E S | 2851 | 2891 | 29.83 | 29.97 [ 30.46 | 30.77 30.17 | 3!

3005 | 37I5'N it 39| 38| 4.10| 626| 681 ] 681 ] 682 6.95| 7.03
123°15’E S 3113 | 31.17 | 3120 | 31.83 | 31.94 | 31.92 | 31.94 | 31.96 | 31.33 | ®8
3006 | 37°00'N T 39| 384 531 s61| 602] 638] 651 672 662/

123°15'E S |31.00 | 31.00 | 31.51 | 31.62 | 31.69 | 31.80 | 31.89 | 31.91 | 31.91
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| AET RS SRR . SENAME. BR2 AETUEY, X—8, BEERE
G, RELFEEEWONATE, B EERSEANERRIANL KIS, HKEBHTF
R R AN R R RBUK . XPFhEE /K i ) 7o) BB g ik g st 5. B, R 248
2004 ¥ (38°00N, 121°15E), EAL TR &I SLIARMKE, REEEHEMEER,. BiK,
mHERKEFRER K, 20 m BR/KEZ 5.02°C, #EiX31.62, S#AgEEEIL. F
HOME. MEKE/LFREREMNE. BEME. L, £18, BE>5C. #E>3151
HiREEAKE, EHREETT BIILEEEILER, QiEHEEkEE T, 8% IR —
LR EN KL, BEMENK. XRH, BREHIERKE, SII8KRANES
.

2 BEBERERHESHEEKENXR

A ERERFAREEEREBRHEESE, BURESEERERRRS, S8tk
WLFRmERE, FEEREMEHRERN LR, Bd2EBESEATE (1958—1960) #1
R, BulkHER R, £FEREEFR L LARAMERSERHN, T5E EENRERET
BV R L AR E ST . X RBE 1959 £ 1 A B RERERE SN E1E H
M4’ (BERE. BRLER, 1964) Y, WSEFRE, BRHAKRELS L FRE SRR —
R, BB MR A3 RAEE A 2K, W 2030 B = RIMIRIE S B8 12, 26,
ldem/s (E 6). HEINXMHFERE HBTRIEROLEIGE, ERERSHES

122" 123"

387

377

AN
Q3 pEx/B

36

oz 123°
6 ALK MIEEEARREREYRE XS GEICR4D

XKob, DA REXFHBREARKBREFT —EBKR. HBRARKAL LR, 8T 00w EE
1EM, ARSI R RS KIE L, EMERR LSRG BIEREER. %
BRI, ELRERIRHE— A FHEWRLIASE LG RRE AR RS
FY. BERFARLAREEFAEOMRE RN LRRENRG T —BIEE. «lRIEEK
SCRB» (1989) HAFERMAER (LB 7 i, WARIEREFRNREERIAKNSEH N H
RRATKAER, DAMEREKREKKER", Rl SFEHBNEEKE, HiEH
MR Bk AR LG ALK AP, BRI RS, EEErkeE i, FHEA R
BHHL, LFRERAUNX -2 MEESE 5at | ARRKBHAMERASYE. A
ARSI RREEES | AERKENERE. EFREREEOSEX AR RKE,
B R E NS AR S KRR LR T SR RRREEEKORsIRE. NE
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124°
T

7 E=SssEE. a £E: b KE GEXW[I0D

5L LS ESEmIATRESSESAHENS H N L FRERAAR KRS LEET
SRR EasEET, LA\ BENRRERAR, EREEE LAEILRESILER
SRESEEaRNEIER. FANTLIEK, Bsb—dHh2 A, 3 AR 12 ARERER
BSOS SRS ENERREXE, EEEE L, B RBRE EERAX DR R
SRR SR DEFEERKEASEREX, BATERKEXERET HTIFESEAL
ERFEERNEEXENS .

E L DR THALmMEEE - MEE, AFEES R DK LR B R A
L EE RS EE. BEMNEKEEE. [RERVE K B ML BOLIE B8 T kM
WL ENEEREZ. ELEKTHA L, RINILEELSRBTLRE. R EEniLE
SREEE EEAETELRRIELER. KK AR R REREZES. BEEES AL,
SO SEESLFRESIERRGE, KRN E L TARNMESRR: LERESFTA
BEIET NEREE, AEERAKKOERERAN BETtERARS, FEEHEE
WESS. EREERRRASY . AEEEA LE- M EEBEEAEETINXR. |
B EEEE, ETATAMKE, flm, BisigRkERREE LIRS, BEEFEL
AR ERETELA? RIAGERRERIESHAXNEFRWMERE UL HEE
BER, X5 TRE LRFZ. INHNSRLESHEERANKRT T B)iEEIKE
EEEEEE \BENEEAFTEEEXN.

RN EEFEAS SEESE ASESEESsE LEREHERFERESR
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