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Currents In Korea-Tsushima Strait During Summer 1999
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Abstract. Results are presented from continuous current
measurements across Korea-Tsushima Strait between May
and October 1999. The data are from eleven bottom-mounted
Acoustic Doppler Current Profilers that recorded full-depth
profiles of currents along two lines, one at each end of the
Strait. The two sections show markedly different mean flow
regimes. At the southern entrance, the cross-section flow
varies smoothly across the channel, showing a broad
maximum at mid-channel. The northern section is marked by
strong spatial variability but in the mean consists of two
streams, one on each side of the strait. Between the two is a
regime of highly variable flow with a weak mean, presumably
indicating the wake from Tsushima Island. Flow variability in
time is described by statistical measures and by representative
snapshots.

1. Introduction

Long-term measurement from fixed instruments in Korea-
Tsushima Strait (hereafter called the Strait, see Figure 1) are
rare, in part because of the hazard to equipment posed by
intense fishing and trawling (Kawatate et al., 1988).
However, from many short-term measurements the general
strength of the currents and the importance of tides have been
demonstrated (Mizuno et al., 1989; Egawa, 1993; Isobe et al.,
1994; Katoh et al., 1996). Water masses in the Strait derive
from the warm Tsushima Current as it flows from the East
China Sea into the Japan/East Sea, although river runoff
causes marked freshening near the Korean coast. Current
direction is generally northeastward along the channel but
southwestward countercurrents have been observed.

The Strait is the most important of the four straits that
connect the Japan/East Sea) with adjacent waters. It is the
dominant inflow channel and determines the transfer of heat,
salt, fish larvae, etc. into the Japan/East Sea. About 330 km
long and 100 m deep, it has the form of a shallow channel
connecting the broad East China Sea (depths of 50 m to 1000
m) and the much deeper (over 2000 m) Japan/East Sea. The
narrows between Korea and Japan are 160 km wide and
divided into two channels, East and West, by Tsushima
Island. The Western Channel is distinguished by a closed
topographic depression in its center that is approximately 60
km long, 10 km wide, and over 200 m deep at maximum. Its
position is approximated in Figure 1 by the 150 m closed
contour west and north of Tsushima Island.

Copyright 2000 by the American Geophysical Union.

Paper number 2000GL011454.
0094-8276/00/2000GL011454$05.00

Reported here are extensive current measurements made in
the Strait as part of a multi-national effort to study the East
Asian Marginal Seas. Six instrument packages were deployed
along each of two lines (Figure 1) from May - October 1999.
The southern line across the entrance to the Strait is defined
by instrument sites S1 through S6; the northern line across its
exit by N2 through N6. Site details are provided in Table 1.

2. Instruments and Methods

Each deployed package consisted of an acoustic Doppler
current profiler (ADCP) and wave/tide gauge housed in a
trawl-resistant bottom mount (TRBM). Nine of the
deployments were based on a new type of TRBM known as
Barny after its barnacle-like shape (Perkins et al., 2000) and
developed by SACLANT Center in Italy in collaboration with
NRL. The remaining TRBMs, at sites N2, N3, and S5, were
of a different design developed for the Naval Oceanographic
Office (Teague et al., 1998). The Barny mounts were
equipped with RD Instruments Workhorse ADCPs operating
at 300 KHz; those from NAVOCEANO with RD Instruments
Narrowband ADCPs operating at 150 KHz. All packages
contained Sea-Bird Electronics Model 26 wave/tide gauges
and EdgeTech Model 8202 acoustic releases for location and
recovery. The ADCPs were set up to provide current profiles
with an accuracy of 1 cm/sec over nearly the full water
column. Vertical resolution was set at 4 m, except 2 m at S1,
S2 and N2.

Eleven of the moorings were recovered and redeployed
along with two additional moorings during October, 1999. A
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Figure 1. Mooring locations. Depth contours are based on
the bathymetric database compiled by Dr. Byung-Ho Choi.
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Table 1. ADCP Summary. Depths and bin sizes are in m.

Site  Lat Lon Start End Top Bottom Bin Water

Day Day Bin Bin Size Depth
S1 3432 12790 130 289 5 53 2 59
S2 3413 12812 129 289 7 83 2 89
S3 3393 12834 129 288 11 103 4 113
S4 3374 12856 128 287 9 97 4 107
S5 3354 12878 128 287 19 143 4 152
S6 3335 129.00 128 286 9 105 4 115
N2 3520 129.67 125 282 25 137 2 142
N3 3501 12999 126 283 13 125 4 132
N4 34.84 13021 126 283 13 117 4 127
N5 34.67 13043 127 284 16 120 4 130
N6 3450 130.65 127 284 12 108 4 118

twelfth instrument, located at a site (N1) between N2 and the
Korean coast, could not be recovered, although it responded to
acoustic interrogation. A visual and acoustic survey of the
area using a remotely operated underwater vehicle revealed
that the package had sunk into the bottom, which is very soft
at that site.

We focus here on the subtidal portion of the current field.
Profiles of vector velocity were recorded at either 15 min or
30 min intervals at each mooring. Tidal currents, which can
exceed the mean, especially along the northern section, were
thus well resolved. They have been removed in the results
shown here by applying a low-pass filter with a 40-hour
cutoff. Where appropriate, velocities are resolved into along-
and across-section components, U and V. The rotations are
45° and 40° clockwise respectively for the south and north
sections, so that U is positive southeastward and V positive
northeastward.

3. Observations

Time-mean current vectors at all sites and various depths
are shown in Figure 2, and statistics for the cross-section (V)
component of vertically-averaged velocities in Table 2.
Discussion in the following two paragraphs, one for each
section, is based on this Figure and Table plus more extensive
displays not shown here.

Along the southern section, V varies smoothly between S1
and S6, with a broad maximum at mid-channel. Currents at S2
through S6 are predominantly across-section and are only
weakly depth dependent, except that at S6 they are much
reduced near the bottom. At Sl, the flow is predominantly
northward, being almost directly northward near the surface
and bottom. At all sites V is positive (towards 045°) and is
much larger than the standard deviation except at the two end
stations. Nevertheless, strong tidal and non-tidal currents
towards the southwest are common. These sporadic
countercurrents occur throughout the water column, most
notably at S1, S5, and S6.

A countercurrent along the southeastern end of the section
has also been observed by Katoh, et al. (1996) using a ship
mounted ADCP.  Along-section mean currents (U) are
southeast at 10 cm/s or less, except at S1. Strongest
northwestward mean flows (negative U) are found at S1 and at
S3; those at the latter site are due to northward veering near
the bottom. Typhoons near days 02 August and 22 September
were not accompanied by strong current anomalies.
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The northern section shows strong site-to-site variability.
Strong mean northeastward flow occurs at N2, NS and N6,
while the mid-channel sites N3 and N4 are conspicuously
weaker than their neighbors. Along-section currents are weak
at N5 and N6. Currents at N2 vary smoothly with depth from
35° east of north near the surface, approximately parallel to
the coast and local bathymetric contours, to 35° west of north
near the bottom (Figure 2). This bottom current at N2 is
directed strongly shoreward at 20 cm/s in the mean and at
over 30 c/s during the first half of the recording period.

Figure 3 displays mean currents and deviation ellipses at
three depth levels and as a vertical average. There is a 63 %
probability that the mean vector lies within its deviation
ellipse, assuming a bivariate Gaussian distribution (Perkins et
al., 1998). The strongest currents have means much larger
than their respective deviation ellipses. In this sense, the best
determined depth-averaged currents are at S3 and N6. Overall
maximum mean current velocities are observed at S3 during
September - October. Indeterminate mean currents are found
nearest the coasts on the southern line (S1, S6) and at mid-
channel on the northern line (N3, N4) where the mean vectors
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Figure 2. Time-averaged velocity vectors for all sites and all
depths. Mooring locations are marked by a red circle
referenced to the geographical coordinates. A vertical line
extending- downward from the symbol denotes depth from
surface to bottom. Individual vectors are drawn in plan view,
as though the surface of the page were a horizontal plane, with
the vector originating from its respective depth on the vertical
line. Thus, the uppermost current vector at site N2 is at about
25 m depth and directed towards the northeast.
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Table 2. Statistics for velocity component normal to the
section. Vis the mean over time and depth and 6V is the
standard deviation around it of the de-tided signal. Minima
and maxima of vertically averaged de-tided currents are
denoted by V min_and V max. Minima and maxima for total
current (without tide removal or depth averaging) are V¢ min
and Vtmax.

Site v oV Vmin  Vmax Vimin Vt max
S1 54 7.2 -25.7 32.0 -93.6 122.8
S2 17.8 8.0 -18.5 34.6 -71.2 125.6
S3 29.5 6.1 12.6 48.1 -53.1 123.4
S4 21.5 5.8 8.6 46.9 -73.7 123.2
S5 11.2 4.3 -2.5 24.4 -71.3 92.4
S6 7.3 6.1 -7.2 28.1 -85.7 97.5
N2 17.5 9.9 -6.6 52.4 -84.7 130.7
N3 -1.3 6.3 -18.5 20.2 -97.5 95.6
N4 2.2 6.1 -19.7 19.1 -84.6 73.2
N5 14.0 6.6 -2.3 356 -60.4 116.6
N6 204 6.1 2.5 35.8 -68.9 106.0

are entirely contained within their deviation ellipses.
Variability is greatest during September - October and
smallest during May - June. Mean direction is fairly
consistent between these two time periods, except at N3 and
N4. Monthly mean directions near the bottom are similar
over the entire recording period. At the two sites nearest the
Korean coast (S1, N2), near-bottom currents flow persistently
toward the coast.

In Figure 4, across-section velocities are displayed as two-
dimensional fields of de-tided currents at a few representative
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times. In these snapshots, currents have been extrapolated to
the coasts by assuming them constant along horizontal lines.

- The southern section (Figure 4a-d) shows a high velocity core

with velocities of 30 cm/s and greater over the region of
uniform bottom slope. Strong currents with high variability,
including occasional flow reversals, are found near the
Japanese coast on the southern line, although the reversals do
not extend to the surface. At the other end of the section, near
the Korean coast, the strong counterflow at S1 on September
18 (panel d) corresponds to Vt min in Table 2.

Representative snapshots for the northern line are shown in
Figure 4e-h. As noted earlier, strongest northeastward-
directed currents are frequently found near extremities of the
section, near the coasts of Korea and Japan. They can extend
from the surface to bottom or can form a subsurface jet.
Currents near midsection often feature a counter flow towards
the southwest, sometimes extending from surface to bottom.
A sporadic, deep counter current is found in the depression at
the Korean end of the section. It is associated with the
movement of cold water into the Strait from the Japan/East
Sea (Lim, 1973) and is sometimes accompanied by a strong
northeastward surface flow (Isobe, 1995).

Transport through the southern section, where the current
structure makes it straightforward to estimate, is
approximately 3.3 Sv, with little month-to-month variation
during these measurements. A detailed treatment of transport
is in progress.

4. Discussion

The single core of current apparent in our southern section
separates into two branches before reaching the northern
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Figure 3. Mean current vectors: (a) near the surface (shallowest ADCP depth bin), (b) at mid-depth (middle bin), (c) near the
bottom (deepest bin), and (d) depth-averaged. Means and deviations are based on de-tided currents over the full May - October

observing period.



3036

PERKINS, ET AL.: CURRENTS IN KOREA-TSUSHIMA STRAIT

MM Y6

[ =51 1 B 187 158 fal
LY M LT LT o o ._'J L

ELE N L%

A0

i EM

aadl b

A Ry "
Wl L et Il L¥ ) b (PR

B

ot bt

Figure 4. Snapshots of velocities for representative current patterns for the south (a-d) and north (e-h) sections after tide

removal. Horizontal axes are in km; vertical axes are in m.

section. The two branches are separated by a region (sites N3
and N4) where currents are variable and lack a well-defined
mean. It is difficult to escape the conclusion that the single
current core found upstream is divided by its passage around
Tsushima Island, and that the band of variability is an island-
induced wake. It is well established that flow from the Strait
takes two divergent paths in the Japan/East Sea. One branch,
the East Korean Warm Current, flows northward along the
eastern coast of Korea; the other flows eastward along the
northern coast of Japan. However, the bifurcation point is not
well established (Kaneko et al., 1991; Katoh et al., 1996). We
presume that the two streams apparent in our northern
mooring line are an expression of this separation. Subsequent
exchange between these branches further downstream is
constrained by nearness of deep waters of the Japan/East Sea
(it is less than 50 km from site N2 to the 1000 m isobath)
where the constraint to follow bathymetric contours can play a
dominant role.
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