SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

HFL =5 —Z2RWcH BBRREREROSR : Fls
BT

WA, F=

ANKZRZBR AR TR

EH, =
an%Mﬁﬂ%ﬁnﬁ

55, BX i
WP Pk 2

AR, BR i
WP Y Pk 2

ftt

https://doi.org/10.15017/6768581

HARTERR : N KZSRADZLFZRRATER. 122, pp. 9-23, 2002-02. SN KZISFEADZHERR
N— 30

HEFIBAMR



FUNKZEIS BRI EFET R 55 122 B (9-23) 2002 2 A 9

HF L—45—ZR W - ERBIRREETOE
—FlmfEHT—

LA st HH B2 R ok
FAR B 2 ARG E5 P BB B
PR S Mk e
(2001 4E 11 A 30 B =)

Hideyuki YAMAMOTO, Akira MASUDA, Tadao KUSABA,
Kenji MARUBAYASHI, Michiyoshi ISHIBASHI, Akira OKUNO,
Satoshi FUJII and Kenji SATOU

E-mail of corresponding author: hideyuki@riam.kyushu-u.ac.jp

Abstract

The surface current of the Tsushima Strait was measured by two HF radars, which faced the western
channel from August to October and the eastern channel from October to December 1999. Doppler spectra
were smooth in the western channel. In the eastern channel, however, they often had a curious pattern of
double peaks, which made it difficult to identify a single radial component of current velocity. This fact
suggests complicated characteristics of the eastern channel, which is in the wake of the Tsushima Island
against the northeastward Tsushima Current.

In order to examine the reliability of the data, we compared the surface current measured by the HF
radars with nearby available current measurement with a ship-born ADCP by Fukuoka Fisheries and Marine
Technology Research Center. A complex regression was made to relate the former current data with the
latter: on average, the current velocity measured by the ADCP (nominally at the depth of 5 m) was found
to be about 1.1 times larger than and rotated 11 degrees clockwise from that by the HF radars (within the
uppermost 0.5 m or so).

The tidal ellipses of eight main components were determined from the HF radar measurement and the
M2 and O; components were discussed rather in detail. Their major axes were oriented from southwest to
northeast except at distant locations off the western coast of Tsushima. The tidal ellipses were compared
favorably with a numerical experiment of fine resolution by Kawano (1999) at least within roughly 40 km
from the radars in both the eastern and western channels. At locations watched by a single radar, only
amplitudes of tidal oscillation in the radial direction were determined. Those tidal oscillations also agreed
well with the radial projection of the tidal ellipses due to the numerical experiment, showing that even the
sole radial component obtained by HF radars yields useful information.

The current field averaged over each two months of observation was plausible. In the western channel
the Tsushima Current flowed northeastward. It was faster and more northward near the western coast of
Tsushima. The current in the eastern channel also flowed northeastward, but it was slower than in the
western channel including a weak southwestward counter current in the northern part. In contrast to the
western channel, the current in the eastern channel was even slower and stagnant nearby the island, indi-
cating again that the eastern channel is in the wake. Although the average field was a likely one, snapshots
often showed curious and interesting flow patterns in both channels. An example against our intuition
was almost westward flow emanating from Tsushima. Of hydromechanical interest was the generation and
movement of an eddy in the eastern channel. Thus HF radars proved to be a useful means for monitoring
the surface current in the Tsushima Strait.
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Radar type

Center frequency | 24.515 MHg
Sweep rate 200 kHgz /sec
Range resolution | 1.5 km

Transmit power
Antenna type
Beamwidth

Beam directions

15 degrees

Polarization vertical

+45 degrees (13 directions)

Frequency Modulated, Interrupted, Continuous Wave (FMICW) radar

100 W (peak), 50 W (average)
10-element phased array antenna

Table 1 Characteristics of the HF ocean radar of the CRL.
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Fig. 1 Map of the HF radar observation: (a) map around the Tsushima Strait and (b) locations of the radar

sites (Shiine, Kisaka, Akashima, Mogi).
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Fig. 2 Wind and sea level of the Tsushima Strait
measured at the Tsuyazaki Station during
the period when the HF radars were watch-

ing the western channel, August to October
1999.
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Fig. 3 The same as Fig. 2 except that the period is
when the HF radars were watching the east-
ern channel, October to December 1999.
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Fig. 4 Typical and curious examples of Doppler frequency spectra obtained in the western channel (left) and
in the eastern channel (right), respectively: (top) observation and (bottom) its schematic illustration.
The abscissa is the Doppler frequency, and the ordinate means the radial direction from the radar. The
intensity of the Doppler spectra is denoted by color in the original figure; whitish tone corresponds to
higher intensity. The bottom panels schematically indicate the variation of the Doppler peak frequency

with the radial distance.
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Fig. 5 Another curious example of Doppler spectra obtained (a) in the eastern channel (triple peaks), and
(b) in the western channel (double peaks). See Fig. 4 for legend. In this case one observes (probably)
spurious triple peaks.
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Fig. 6 Snapshot of the current field in the west-
ern channel of the Tsushima Strait at 0:00
on September 20 1999. The current vec-
tors were synthesized from two radial com-
ponents measured by HF radars. Arrows
of thick lines denote the vector at the loca-
tions where the two radars were watching.
Thin arrows are drawn where the current
was watched by a single radar, indicating
only the radial component of the current.
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Fig. 7 Current vectors measured with a ship-

born ADCP along the track of the research
vessel from 8:00 to 10:40 on December 3
1999, and the corresponding series of cur-
rent vectors estimated with the HF radar
measurement from 9:00 to 10:40 of the
same day and along the same track. The
latter series of vectors are shifted south-
ward a little from the track for the conve-
nience of comparison.
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Fig. 8 Tidal current ellipses of M2: (a) estimation from

the present measurement using the HF radars and

(b) calculation due to the numerical experiment by Kawano (1999). The arrowhead on each ellipse .
indicates the phase and the direction of rotation of the current vector. Where the current is within a

scope of a single radar, a segment of line indicates
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Attention must be paid to it that different scales of arrows are used for each channel.
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