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Two hydrographic surveys along with direct current measurements using drogues and moored current
meters were conducted in the Cheju Strait during April and May, 1983. The data clearly demonstrate that
a branch of the Kuroshio characterized by high temperature and high salinity enters the Cheju Strait after
turning around the western coast of Cheju-Do. The width of the current turning west of Cheju-Do is a-
bout 60 km and reduces to 20~30 km in the strait, resulting in a high speed (>10 cm/s) at the western en-
trance and in the middle of the strait, compared with a low speed (<5 cm/s) wesl of Cheju-Do. The
Tsushima Current water also originating from the Kuroshio shows its influence in the eastern part of the
Cheju Strait. Thermohaline fronts formed between the warm current waters and the coastal waters suggest
the southward extension of the Yellow Sea Coastal Water west of the Cheju Strait. A warming of the
warm current waters occurs in May, while a cooling takes place in other areas. The major freshening and
cooling of water take place in the middle of the Cheju Strait in May due to the intrusion of cold and low
salinity water from the west of the Cheju Strait.
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INTRODUCTION strait with its length and width about 70 km. The

mean water depth in the strait is about 100 m and the

The Cheju Strait located between Cheju-Do and isobaths run mainly parallcl to the east-west direction
the southwestern coast of Korea is relatively wide as shown in Fig. 1. A trough deeper than 120 m ex-
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ists in the southern part of the strait and the bottom to-
pography is characterized by a rapid deepening off
the coast of Cheju-Do and a slow shoaling north of
the trough towards the southwestern coast of Korea.
The Cheju Strait has received much attention
since Kim, (1980) suggested that a branch of the
Kuroshio enters the Cheju Strait after turning around
the western coast of Cheju-Do and flows eastward
in the strait based upon closely spaced summertime
hvdrographic and dissolved oxygen data. Kim,'s
suggestion refutes the belief since Uda (1934) that
the Yellow Sea Warm Current (YSWC) originating
from the Kuroshio penetrates deep into the Yellow
Sea along the western coast of Korea. A schematic
circulation pattern proposed by Uda has been cited
with little modification in describing a general cir
culation pattern in the East China Sea and the Ye}
low Sea until recently (e.g. Tomczak and Godfrey,
1994). The turning current suggested by Kim, is
probably confined within 20 km from the northern
and western coast of Cheju-Do (Kim,, 1980; Kim,
1982; Kim and Lee, 1982; Rho and Kim, 1983; Kim
et al.,, 1991). The magnitude of the turning current
calculated by the dynamic method was about 10 cm/s
at 30 m relative to 75 m (Lee, 1982). Kim,'s sugges
tion was further supported by results of other summ-
ertime hydrographic surveys (Lie, 1986; Park, 1986).
Kim et al. (1991) analyzed summertime hy-
drographic data taken in the area covering the entire
length of the entrance of the Yellow Sea between
Cheju-Do and the mouth of Changjiang river. They
showed that a low salinity water on the Changjiang
bank originating from the river plume extends
northeastward to Cheju-Do and separates oceanic
water of high temperature and high salinity around
Cheju-Do from the surface water of the Yellow Sea.
Below the seasonal thermocline a thermal front is
formed between the oceanic water and the Yellow
Sea Cold Water. A series of ships-of-opportunity
SST (sea surface temperature) data taken in the Che-
ju Strait for one year indicates that the warm water
appears also in the strait during winter and spring
(Rho and Kim, 1983). The above hydrographic
results are suggestive of the existence of the warm o-
ceanic water in the Cheju Strait all the year round.

Fig. 1. A topographic map for the Cheju Strait. Isobaths
arc in meters.

Lee (1968), Lee and Bong (1969), Dong (1970),
Lee (1974) and Kim, (1980) described a surface cur
rent pattern in the seas around Korea using drift bot
tles and reported northward currents west of Cheju-
Do and eastward currents in the Cheju Strait every
year. Sub-tidal currents based upon the various
sources of direct current measurements in the Cheju
Strait (Kim, 1979; Kim, 1982) also showed that the
mean currents flow northeastward in the Cheju
Strait. Trajectories of Argos drifters deployed in the
area west of Cheju-Do demonstrated the flow turning
around Cheju-Do (Beardsley et al., 1992) as suggested
previously from the hydrographic data by Kim, (1980).

The previous suggestions of the existence of the
turning current around the western coast of Cheju-
Do are largely based upon the distributions of tem-
perature and salinity. However, direct meas-
urements of such currents have been scarce in the
west of Cheju-Do and all the current measurements
in the Cheju Strait spanned less than a week.

A moored current measurement was conducted
for the first time at a single location in the Cheju
Strait for a 20-day period to investigate the sub-tidal
flow variability in the strait. During the current
measurement drogue trackings and hydrographic
surveys were also made around Cheju-Do to iden-
tify the turning current, carrying waters originaling
from the Kuroshio. In this paper we describe the
results of the hydrographic surveys together with
the observed mean currents.
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Fig. 2. Positions of hydrographic (@) and current (&), [X))
stations occupied in the Cheju strait, 11 April-10
May 1983. & and [X]denote the location of moor-
ed current measurement and locations of de-
ployment of drogues respectively.

DATA

From April 11 to May 10, 1983 hydrographic surveys,
drogue trackings and moored current measurements
were made in the Cheju Strait and west of Cheju-Do.
Each station of various measurements is shown in Fig. 2.

The moored current measurements were con-
ducted 10 miles north of Cheju harbour at two nom-
inal depths (30 m and 60 m) in 100 m of water with
Aanderaa current meters suspended beneath the sur-
face floats. The Aanderaa current meters recorded
speed, direction, temperature and conductivity at 5
minutes interval from April 11 to May 3, 1983. The
measured currents were decomposed to along-strait
(east-west) and cross-strait {(north-south) com-
ponents and each component was plotted to check
the erroneous data. The 5 minutes data were first
smoothed by a filter with a half power at 0.3 cph
(cycle per hour) to remove high frequency fldc-
tuations and to obtain hourly time series. Hourly
values of current were then filtered to eliminate ti-
dal and inertial frequencies using a Doodson's Xo-
filter (Doodson and Warburg, 1941). The Xo-filter

has 39 weights with a half power point of 0.456 cpd
(cycle per day) and is highly effective in removing
tidal encrgy in the diurnal, semidiurnal. quarter- and
sexto-diurnal bands (Prandle, 1987).

Lagrangian current measurements were con-
ducted within 20 km off the southwestern, western
and northwestern coast of Cheju-Do using window-
shade drogues at 5 m and 50 m depths. The position
of each drogue was measured by ship's radar. Each
drogue 2.5 m in width and 3.6 m (5.4 m for deeper
one) in length with a 25 kg weight was hung below
a float with a bamboo pole. The pole had a weight
at its lower end to hold the surface assembly vert-
ical in the water, and a radar-reflector (aluminium
net), flag and flash on its upper part to aid the track-
ing by ship. The drogues were designed to secure
for the 4 m wave height and estimated speed error is
below 1 cm/s for wind speed of 15 m/s.

Two hydrographic suiveys were completed on a
two-week basis during the deployment of Aanderra
current meters. Due to bad weather the first survey
during April 12-17 was broken into two parts; sec-
tion A and stations B1-B4 during April 12-13 and
stations B5-B6, section C during Apnil 16-17. The
second hydrographic survey was conducted during
May 1-2. An additional survey was carried out a-
long section B on April 20. The hydrographic sta-
tions were chosen to be closely spaced in north-
south direction (about 5 miles) and close to the
coast of Cheju-Do (about 2 miles from the coast).
Nansen and Ekman water samplers with reversing
thermometers were used to measure water tem-
perature and salinity at standard depths and 5 m a-
bove the bottom. Surface temperature was measured
with pole-shaped thermometer after bucketing sur-
face sea water. Salinity was measured in laboratory
with Autosal Salinometer (Guildline Model 8400).
Accuracies of temperature and salinity are +0.02°C
and +0.003%,. respectively.

RESULTS
APRIL, 1983

Vertical Sections
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Fig. 3. Vertical distributions of temperature and salinity
for section A1-A8 in April. The distance from sta-
tion Al to each station in nautical miles is shown
in parentheses above the station number.

Vertical profiles of temperature and salinity on
sections Al1-A8, B1-B6 and C1-C6 are shown in
Figs. 3, 4 and 5, respectively.

Section A1-A8 Temperature and salinity vary
mainly horizontal and decrease towards the north.
Homogeneous water of temperature higher than 14.
0°C and salinity higher than 34.4%, is found at Sts.
A6, A7 and A8 except the slightly lower salinity at
the surface layer of St. A7. Though not shown, high
temperature (>14.0°C) and high salinity (>34.4%)
water entirely occupies Sts. A9, A10 and All near
the western coast of Cheju-Do. From St. A5 tem-
perature and salinity gradually decrease and water
properties change abruptly between Sts. Al and A2
at all depths. Minimum temperature (<10°C) was
found at St. Al below 50 m depth. Water of the
lowest salinity (<33.5%,) was also found at St. Al
in the upper layer. The surface layer of St. A3 is less
saline than its southern and northern stations and tem-
perature inversion appears at 20 and 30 m depths.

Section B1-B6 Section B1-B6 runs northwest
from Cheju-Do towards Chuja-Do. Both tem-
perature and salinity decrease towards Chuja-Do
and a relatively sharp change of temperature and sa-
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Fig. 4. Vertical distributions of temperature and salinity
for section B1-B6 in April. The distance from the
Cheju-Do to each station in nautical mile is
shown in parentheses above the station number.
Moored current measurement was conducted a-
bout 3 miles cast of station B4 at two depths de-
noted by &).

linity occurs above 30 m depth between Sts. B1 and
B2 near Chuja-Do. Homogeneous water charac-
terized by high salinity (>34.4%) and high tem-
perature (>14.0"C) appears from the coast of Cheju-
Do to St. B2 above 30 m depth and to St. B5 below
50 m depth. The water properties are identical to
those of water which appears at Sts. A6, A7 and A8
in section A1-A8 in the area west of Cheju-Do. A re-
latively cold and fresh water occupies the whole
depth at St. B1 close to Chuja-Do and the influence
of this water extends to St. B4 below 50 m depth.
Section C1-C5  Section CI1-C5 located at the
eastern side of the Cheju Strait runs north from the
northeast of Cheju-Do to Chungsan-Do. Except for
St. C1, homogeneous water having a temperature
range between 14.0 and 15.0°C and a salinity
between 34.4 and 34.6%, occupies the whole sta-
tions. Salinity ol water off Cheju-Do is slightly high-
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Fig. 5. Vertical distributions of temperature and salinity
for section C1-C5 in April. The distance from the
Cheju-Do to each station in nautical miles is
shown in parentheses above the station number.

er than that of which appears at section B1-B6.

Horizontal distribution

Horizontal distributions of temperature and sa-
linity at 10 m depth are shown in Fig. 6. The maps
are contoured at 0.5°C interval for temperature with
solid lines and 0.1%, interval for salinity with dotted
lines. The observed mean curment distribution
around Cheju-Do is superimposed on the horizontal
distribution of salinity. The direction and magnitude
of mean currents are computed from the results of
drogue trackings made for more than one day in
April and a moored current measurement during the
first hydrographic survey as shown in Table 1.

Each isoline runs nearly parallel to the southwest-
northeast direction and temperature and salinity de-
crease towards the southwestern coast of Korea. Re-
latively homogeneous water having a temperature a-
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Fig. 6. Distributions of temperature and salinity at 10 m
depth. Observed mean currents around Cheju-Do
computed from the moored current measurement
during the first hydrographic survey and drogue
trackings made in April are superimposed on the
horizontal distribution of salinity. Measurement
depths of the currents are shown in meters near
current vectors.

bove 14.0°C and a salinity above 34.4%, is found
around Cheju-Do and this water mass appears
within 30 km from the coast of Cheju-Do in the
strait at 10 m depth. At 50 m depth relatively cold
water (<14.0°C) extended further southward in the
strait than that in the upper layer (see the vertical
section of B1-B6 in Fig. 4). In the warm water area
with temperature higher than 14.0°C temperature is
higher in the area west of Cheju-Do than that in the
eastern part of the Cheju Strait. Howcever, water of
high salinity (>34.5%,) appears more broadly in the
eastern part of the strait than that in the region of
high salinity west of Cheju-Do. Walcer of high sa-
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Table 1. Summary of mean currents around Cheju-Do observed during April 9~May 10.

Location TYPE of Depth Mcasu{emcm — Current
measurement period direction  magnitude
southwestern coast of Cheju-Do drogue 50 m April 8, 14:30~ northwest 4 cmfs
Aprit 12, 13:30
western coast of Cheju-Do drogue 5m April 23, 13:00~ northeast 3~5 cm/s
(hetween stations A9~A10) April 25, 08:00
western coast of Cheju-Do drogue Sm May 8, 12:00~ northeast 2 cms
(between stations A10~Al11) Mayv 9, 14:40
northwestern coast of drogue 5m May 9, 16:00~ cast 19 em/s
Cheju-Do May 10. 16:30
drogue 50 m May 9, 16:25~ cast 14 em/s
May 10, 16:20 N
Cheju strait current 30 m April 12, 14:00~ 27.3™ 12.1 cm/s
mooring April 18, 23:00 o
current 60 m April 12, 14:00~ 34.2% 9.3 cm/s
mooring April 18, 23:00 e
Cheju_strait current 30 m April 29, 00:00~ 35.4% 12.5 emfs
mooring May 2. 16:00 -
current 60 m April 29, 00:00~ 44.87 9.6 cmfs
mooring May 2. 16:00

*The direction is measured counter-clockwise from the east.

linity at the eastern entrance of the Cheju Strait is re-
garded as the Tsushima Current water (Rho and
Hirano, 1983). In the middle of the strait, salinity
does not exceed 34.5%, .

Vertical and horizontal distributions of water pro-
perties show that homogeneous water characterized
by high temperature (>14.0°C) and high salinity (>
34.4%,) appears around Cheju-Do. This water be-
longs to group 4 representing the mixture of shelf
water and the Kuroshio water according to Kim et
al. (1991) and the Kuroshio water according to
Sawara and Hanzawa (1979). Fig. 6 clearly shows
that the observed high temperature and high salinity
water which appears off the western and northern
coast of Cheju-Do is carried by a current turning
around the western coast of Cheju-Do. The speed of
the current is less than 5 cm/s in the area west of
Cheju-Do and about 10 cm/s in the middle of the
Cheju Strait.

A part of the Kuroshio makes a northerly branch
in the southwestern sea region of about 200 km
offshore from Kyushu (Uda, 1934; Nitani, 1972;
Zheng and Klemas, 1982; Lie and Cho, 1994). This
northerly branch again divides into two tributaries;
one flows into the East Sea through the Korea Strait,
which is called the Tsushima Current (TC) and the
other, after having passed south of Cheju-Do, runs

towards the Yellow Sea (Uda, 1934; Koizumi, 1957;
Nakao, 1977), which is called the YSWC. So it is
expected that the area east of Cheju-Do is affected
by the TC while the area west of Cheju-Do by the
YSWC. The YSWC has been referred to as a
branch of the Kuroshio which penetrates deep into
the Yellow Sea. While the existence of the YSWC
is still in controversy, the existence of the current
turning around the western coast of Cheju-Do has
been recognized as a year-round feature based most-
ly upon the hydrographic data since Kim, (1980).
As our simuitaneous hydrographic and current data
clearly demonstrate that a branch of the Kuroshio
enters the Cheju Strait after turing around the west-
ern coast of Cheju-Do, this current may deserve a
name other than the YSWC. The current is called
the Cheju Warm Current (CWC) hereafter in this
paper. According to our hydrographic and current
data, water of high temperature and high salinity
which appears off the western and northern coasts
of Cheju-Do is carried by the CWC.

In view of the expected complex hydrographic
structure, the area covered by the hydrographic sur-
vey is rather small to understand the general o-
ceanographic condition in space. To supplement
this,
Research and Development

hydrographic data obtained by Fisheries

Agency  of Korea
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Fig. 7. Distributions of temperature and salinity at sur-
face around Cheju-Do in April produced using
hydrographic data obtained by Fisheries Research
& Developmeht Agency of Korea during 9~18
April. Two hydrographic surveys were conducted
in the dotted area.

(FRDA) around Cheju-Do and in the southeastern
Yellow Sea during 9~18 April, 1983 were analysed.
Fig. 7 shows horizontal distributions of temperature
and salinity at surface produced using the FRDA
data. During this period seasonal thermocline was
not formed yet and property distributions showed lit-
tle difference between depths. Temperature and sa-
linity decrease from the area southeast of Cheju-Do
to the north and to the northwest. High temperature
(>14.0°C) and high salinity (>34.3%,) water appears
around Cheju-Do and water properties decreased ra-
pidly from the isolines of 14.0°C and 34.2%, to the
northwest. Although salinity of this water is slightly
lower than that of our data, the above water is re-
garded as the CWC water originating from the

Kuroshio. The influence of the TC water in the east-
ern part of the Cheju-Do can also be seen. Strong
thermohaline fronts are formed between the warm
and saline CWC water and relatively cold and fresh
waters in the northwest and west of the front as oth-
er studies documented (Gong, 1971; Nakao, 1977,
Lie, 1984). The location of the therrohaline front
formed in the area northwest of Cheju-Do in Fig. 7
corresponds to that observed in this study. There is
little indication of the existence of the YSWC water,
although wintertime satellite images showed a
warm tongue towards Shangdong Peninsula, the
main axis of which lies slightly to the west of the
deep Yellow Sea trough (Zheng and Klemas, 1982)
further offshore of the observation area of the
FRDA. It is interesting to note the tongue-like dis-
tribution of relatively saline water (33.7~33.8%) to-
wards the northwest in Fig. 7. According to the figure
the tongue-like distribution seems to result from the
intrusion of a part of water in the northern portion of
the front between the CWC and coastal waters.

The CWC water of high temperature (>14.0°C)
and high salinity (>34.3%) extended over 60 km
offshore from the western coast of Cheju-Do ac-
cording to Fig. 7. Kim, (1980) reported the width of
the CWC water to be about 15~30 km based upon
hydrographic data obtained in June and August, but
in our case it is about 60 km west of Cheju-Do and
20~30 km in the Cheju Strait. It is generally known
that Yellow Sea Cold Water extends southward in
summer (Nakao, 1977; Park, 1985; Youn, 1986;
Kim et al., 1991) and the width of the CWC would
vary seasonally west of Cheju-Do depending on the
strength of the Yellow Sea Cold Water. The South
Korean Coastal Water (SKCW, Lim, 1976) near
Geomun-Do northeast of the Cheju Strait can be
seen, which is distinguished from both the CWC
water and the TC water as well as water in the
southeastern Yellow Sea, which is referred 10 as the
Yellow Sea Coastal Water (YSCW, Gong, 1971;
Kang, 1971). There exists another low salinity wat-
er west of 125"E, water temperature of which is
higher than that of the YSCW according to Fig. 7.

MAY , 1983
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Fig. 8. Same as Fig. 3 except in May.

Vertical sections

Shown in Figs. 8, 9 and 11 are vertical profiles of
temperature and salinity on sections A1-A8, B1-B6
and C0-CS5, respectively, during May 1-2 after a-
bout half a month from the first cruise.

Section A1-A8 Vertically homogeneous water
of high temperature and high salinity appears at
Sts. A7 and A8 and temperature and salinity de-
crease northward. A boundary zone between two
different water masses is conspicuous in vertical
salinity profile. Maximum horizontal gradient of
salinity as large as 0.3% is found between Sts. A5
and A6 above 50 m depth, and between Sts. A2
and A3 below 50 m depth. The salinity front is lo-
cated more to the south (about 18 km) than that in
mid-April.

Section B1-B6 Remarkable changes in hy-
drographic structure took place in the Cheju Strait
over a period of only about 15 days. A low salinity
core (<33.7%) was observed from surface to 30 m
depth at St. B3 in the middle of the section. Surface
salinity at St. B3 is lower by about 0.7%, than that
in mid-April and temperature also decreased at this
station compared with the value in mid-April. This
salinity value is even lower than that at station B1
tocated further north near Chuja-Do, so the isoha-
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)
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Fig. 9. Same as Fig. 4 except in May.

lines form a concave shape in the surface layer of
this section as shown in Fig. 9. Salinity increases ra-
pidly (0.7%/10 miles) from the low salinity core to
the coast of Cheju-Do and increases (0.3%,/10 miles)
slowly towards Chuja-Do. In temperature profile,
this fresh water is not distinguished from the water
which appears near Chuja-Do, but it is clearly dis-
tinguished from the warm water near Cheju-Do. Ac-
cording to Fig. 7, water properties of this low sa-
linity core are similar to those of waters in the fron-
tal regions northwest of Cheju-Do between the
CWC water and the YSCW, and west of Cheju-Do.
An additional hydrographic survey was conducted a-
long section B1-B6 on April 20 between the first
and second hydrographic surveys and the low sa-
linity core was not observed at that time as shown
in Fig. 10. Water of relatively cold and fresh water
off the coast of Chuja-Do extended further to the
south on April 20 compared 1o the results of the
first hydrographic survey taken before one week.
Hydrographic data taken in the Cheju Strait in
May 1987~1989 also showed the appearance of the
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Fig. 10. Vertical distributions of temperature and salinity
for section BI~B6 occupied on April 20
between the first and second hydrographic sur-
veys.

low salinity core in the middle of the strait (KORDI,
1994). The minimum salinity value of the core,
however, varied from year to year ranging from 32.7%,
to 33.8%, and a short term variability of the core
was noted from repeated hydrographic meas-
urements along a section. The appearance of the
low salinity core is due to an advection of the low
salinitv water into the strait since the rainfali and/or
the freshwater discharge from the south coast of
Korea cannot account for the localized freshening
of the seawater. The source of the low salinity water
can be either the YSCW or the low salinity water
found in the area west of Cheju-Do as shown in Fig.
7. At this stage it cannot be said explicitly where
the low salinity core originated from due to the lack
of hvdrographic data taken in a wider arca in May.
Satellite images in Februarv and April, however,
showed a wave-like thermal front in the Cheju
Strait formed between the CWC water and the
YSCW, the latter expands southward and enters the

Cheju Strait due 1o northerly wind and the castward
flowing residual currents (Han., 1989). Kim et. al.
(1991) suggested a possibility that the Yellow Sea
Cold Water flows into the South Sca passing
through the northern part of the Cheju Strait. Cho
and Kim (1994) also reported the intrusion of water
from the Yellow Sea to the South Sea through the
Cheju Strait. As previously mentioned, the salinity
front which is regarded as the boundary between the
CWC water and the YSCW was located about 18
km more to the south in May than that in mid-April
as shown in Fig. 8. This southward extension of the
YSCW seems to be relatcd with the appearance of
the low salinity core in the Cheju Strait in May.

The CWC water was also clearly identified in the
second survey not only by its properties but also by
the strong thermehaline fronts (2.0°C/10 km, 0.5%,/10
km) between Sts. B3 and BS. The width of the CWC
was limited within 10 km from the coast of Cheju-
Do, which is about a half of that in mid-April.

Section C0-C5 Temperature and salinity de-
crease from St. C4 to the north the same as in mid-
April. Horizontal gradients of temperature and sa-
linity are, however, more intensified than those in
mid-April. Temperature and salinity differences
between station C1 and C5 are 2.0°C and 0.4%,
respectively, but they were 1.0°C and 0.2%,, respec-
tively in mid-April. The area of high temperature (>
14.0°C) and high salinity (>34.4%) water was
shrunk in May than that in April and confined to a-
bout 15 km from the coast of Cheju-Do. Low sa-
linity core which appears in section B1-B6 was not
observed in this section.

Horizontal distribution

Distributions of temperature and salinity at 10 m
depth are shown in Fig. 12. The observed mean cur-
rent distribution around Cheju-Do is superimposed
on the horizontal distribution of salinity. The direc-
tion and magnitude of mean currents are computed
from the results of drogue trackings made for more
than one day in May and a moored current meas-
urement during the second hydrographic survey.

The intrusion of low salinity water from the west
of the Cheju Strait to the middle of the strait can be
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Fig. 11. Same as Fig. 5 except in May for section CO~C5.

seen clearly from the salinity distribution. The
CWC water having a temperature above 15.0°C and
a salinity above 34.4% appears around Cheju-Do
over the whole depth though its width in the strait
(approximately 10 km) became narrower compared
with that in mid-April presumably due to the in-
trusion of low salinity water from the west. The
orientation of isolines tilts more to the north toward
the eastern part of the strait, which is suggestive of
the influence of the TC water. The current vectors
are parallel to the isohalines off the northwest coast
of Cheju-Do, while the mean currents in the strait
deflect more to the north from the east presumably
resulting partly from the influence of the TC in the
southeastern part of the Cheju Strait.

Temporal changes of water properties

In order t0 examine the short-term variations of
temperature and salinity in the Cheju Strait during a
period from mid-April to early-May, temporal
changes of water properties are computed at stan-
dard depths of each station as follows,
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10m ‘.
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Fig. 12. Same as Fig. 6 except in May.

X=(P2-P1)1t,
where
P2: values of temperature or salinity obtained in
early-May
P1: values of temperature or salinity obtained in
mid-April
t : time interval between the two measurements.

Arithmetic mean values (Y=X/N, where N is the
number of standard depths) of water properties at
each water column are estimated from surface to 30
m and from 50 m to 75 m or 100 m as represen-
tative values of upper and lower layers, respectively.
Despite of the vertically homogeneous structure at
many of the stations, the water column is divided
into the upper and lower layers since a two-laver
structure was also observed at some stations as can
be seen in Figs. 8 and 9. Figs. 13 and 14 show the
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Fig. 13. Temporal changes of temperature (<107 °Cfs)
and salinity (X107 %/s) in the upper layer
between mid-April and early-May.

temporal changes of temperature and salinity
between mid-April and early-May in upper and low-
er layers, respectively.

As the spring progresses several changes occur in
the water column. The salinity of the water column
in early-May decreases both in the upper and lower
layers over the whole area except for the station Al.
The most freshening and cooling of the water
column occurs in the middle of the Cheju Strait,
especially in the upper layer resulting from the in-
trusion of the coastal water from the western part of
the Cheju Strait. The order of magnitude of the
along-strait flow in the Cheju Strait is about 10 cm/s
assuming a balance between the local time changes
of water properties and the advection, which cor-
responds to the observed along-strait velocity scale
in the Cheju Strait.
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Fig. 14. Same as Fig. 13 except in the lower layer.

A warming and relatively slight freshening of the
whole water columns occur in the area around Cheju-
Do, affected by the branch of the Kuroshio, which
differs from those of the other areas. More warming
and freshening take place in the eastern part of the
Cheju Strait influenced by the TC water than in the
area west of Cheju-Do influenced by the CWC water.

The temporal variations of temperature and sa-
linity at stations in the frontal region north of sec-
tion A1-A8 are complicated. Both temperature and
salinity increased in the upper and lower layers at St.
Al. The temporal variations of temperature in the
upper layer of stations A3~A6 differ from those in
the lower layer. These changes seem to be related
with the short-term variability of complex frontal
structure.

SUMMARY AND DISCUSSION
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Simultaneous  hydrographic and current  ob-
servations in the Cheju Strait clearly demonstrate
that a branch of the Kuroshio characterized by high
temperature and high salinity enters the Cheju Strait
after turning around the western coast of Cheju-Do
as previously suggested by Kim, (1980} based upon
hydrographic data only. We proposed to call this
current the Cheju Warm Current, which can be de-
fined as a current flows into the Cheju Swuait after
turning around the western coast of Cheju-Do and
carries water of high temperature and high salinity
originating from the Kuroshio water. The speed of
the current is larger (~10 cm/s or larger) at the west-
ern entrance and in the middle of the Cheju strait
than that in the western coast of Cheju-Do (<5 cm/s).
This seems to be due to the continuity of transport
at the entrance of the strait, which concentrates the
mean flow in the smaller cross-sectional area of the
strait. Hvdrographic data obtained by the FRDA in
a wider area showed that the width of warm (>14.
0°C) and saline (>34.3°C) water carried by the Che-
ju Warm Current is about 60 km in the area west of
Cheju-Do as shown in Fig. 7. The width of warm (>
14.0°C) and saline (> 34.4 ) water along section B1-
B6 in Fig. 4, however, is only about 20~30 km.

The tilting of isolines more to the north towards
the east in the Cheju Strait suggests that the Tsushi-
ma Current water also originating from the
Kuroshio exerts its influence in the eastern part of
the strait. The Tsushima Current does not reach
deep into the strait but seems to turn an-
ticyclonically in the eastern part of strait after join-
ing the Cheju Warm Current. The detailed in-
teraction between the two currents in the Cheju
Strait deserves further study.

Thermohaline fronts are formed between the
warm current waters and the coastal waters, The
fronts are located more to the south in May sug-
gesting the southward extension of coastal waters
west of the Cheju Strait and the intrusion of coastal
water into the strait. A warming of water columns
occurs in May in the area influenced by both the
Cheju Warm Current water and the Tsushima Cur-
rent water in contrast to a cooling of water in other
areas. The warming of the Tsushima Current walter

is more pronounced than that of the Cheju Warm
Current water. The major freshening and cooling oc-
curs in the middle of the Cheju Strait in May which
is attributed (o the intrusion of cold and low salinity
water from the west of the Cheju Strait. Changes in
water properties in the Cheju Strait should be ex-
plained in a manner consistent with the observed
e width of the Cheju
Warm Current water is reduced in the Cheju Strait

mean castward current.

in May due to this intrusion.

There is a possibility that eastward propagating
wave-like frontal features in the Cheju Strait ob-
served in satellite images (Han, 1989) may be
responsible for the appearance and disappearance of
the surface low salinity core at a section cross the
strait observed in this study and the other (KORDI,
1994) in May. A routine hydrographic measurement
by FRDA is being conducted every even months.
While the mean hydrographic conditions in April and
in June are notably different in the South Sea (eg.
KORDI, 1993), the transition between the two
months is little known. Although our hvdrographic
stations are closely spaced mainly in the north-south
direction, they are not enough to resolve the mesos-
cale features observed in satellite images. More close-
ly spaced hydrographic surveys in a wider area for a
period of transition from winter t0 summer are ne-
eded to elucidate the water exchange between the Yel-
low Sea and the South Sea through the Cheju Strait.
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