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Long-Range Ocean Radar Observation of Kuroshio Upstream Region in the East China Sea

Kenji Sato, Takeshi Matsuoka, Shoichiro Kojima and Satoshi Fujii
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Communications Research Laboratory developed a new high-frequency ocean surface radar system named Long-Range Ocean
Radar (LROR) that is composed of two radars located on Ishigaki Island and Yonaguni Island. LROR is designed to observe
surface currents up to 200 km from the radar sites with range resolution of 7 km. We started performance evaluations and
In this
paper, we present the validation results of surface currents obtained by the radar in comparison with currents measured using an

experimental observations of the Kuroshio upstream region in the southern part of the East China Sea in July, 2001.

acoustic Doppler current meter. We also present the preliminary results of surface current vectors and ocean wave directional

spectra.
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Fig. 1 Transmitted High-Frequency radio waves toward the sea surface from the shore-based radar are strongly backscattered by

ocean surface waves with half the radio wavelength (Bragg resonant scattering). Frequency analyzing this backscattered

signal, some ocean-surface information is obtained, such as surface currents, ocean surface winds, and ocean waves.
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Fig. 2 A typical scheme of observed Doppler spectrum. There are
typically two prominent peaks called “first-order echoes” near the
Bragg frequency (fs). Two peaks are due to waves advancing
toward and receding from the radar. Small Doppler shift Af is
occurred by surface currents.
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Table 1  Characteristics of Long-Range Ocean Radar system

Radar Type FMICW

Frequency 9.2 MHz

Sweep Bandwidth 22 kHz

Transmission Power 1 kW (Max.), 500 W (Average)

Range Resolution 7.0km

Current Velocity Resolution 2.5 cm/s

Beam Width 8°

Transmission Antenna 3-element Yagi antenna

Receiving Antenna 16-elements linear array of
2-element Yagi antenna
DBF (Digital Beam Forming)
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Fig. 3 Antenna system of the Long-Range Ocean Radar. The Long-
Range Ocean Radar adopts DBF technique in which the signals
simultaneously received by multiple-elements antenna are

digitally processed to obtain angular information.
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Fig. 4 Long-Range Ocean Radar system consists of two radars at Ishigaki Island and Yonaguni Island. Each radar can

measure the radial current component within a fan-shaped area.

The current vectors can be calculated in the overlapping

area of the two fan-shaped areas. The star indicates a moored point (123°26"54”E, 24°37'55"N) of the offshore-

observation buoy named COMPASS.
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Fig. 5 A simple block diagram of Long-Range Ocean Radar system. Both radars
controlled from the CRL Okinawa.

Okinawa and current vectors are calculated in pseudo real-time.
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Fig.6 Bird’s eye view of COMPASS, on which surface current,
water temperature, ocean wave and sea surface wind are
measured once an hour. The measured data are automatically
transferred to the CRL Okinawa via communication satellites.
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Fig. 7 Time series of the radial current velocity measured by the Ishigaki (2) and Yonaguni (b) radars (solid line) and the velocity

components of the radar direction measured by the current meter at the moored buoy (dashed line).

Scatter plots of the radial

current velocity measured by the Ishigaki (¢) and Yonaguni (d) radars and the radial velocity components measured by the current

meter. Solid line is the regression line.
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Fig. 10 Wind vectors of 10-km grid objective analysis data for
typhoon Nari (September 16, 09:00 JST, 2001). The best

2 fgg 1 A ] I\ I ' ] C track data for typhoon Nari is superimposed with date and time.
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by typhoon Nari (September 16, 09:3

m,m=x1

0 JST, 2001).
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Fig. 11 Lag-time dependence of the complex correlation between the
surface current vectors measured by Long-Range Ocean Radar

and the wind vectors of objective analysis data. Correlation

coefficient (), argument (b}, and current/wind ratio (c).
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Fig. 12 Comparison between directional wave spectrum measured by

the buoy and that measured by Long-Range Ocean Radar.
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Fig. 13 The upper figure shows the comparison between significant
wave height measured by the buoy and that measured by Long-
Range Ocean Radar. The lower figure shows the comparison
between significant wave period measured by the buoy and by

Long-Range Ocean Radar.
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