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clockwise from the north. The radial component ».; of the current vector mea-

sured by the #: radar is described by using the unit vector
sin#;
e = ) ; (1)
cos

v = Ve (2)

The vector of the directional current component Ve = {21 w2 ) is expressed

in terms of the matrix R=(e; e3) as
V.=VR. (3)

When two radar beams are not parallel, the unit vectors e; and es; are unigue
and the inverse matrix R~! can be defined. The current vector is then calculated
as:

V =V.RL (4)
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Time Integration

Observed Wave Nadai (2006)
Parameters
I _ vic
rg, kg, Ap dt g Current Model: V
dk
— = —k-(VV
- (VV)
w = n+k-V
n® = glk|
C, = dn/dk Background Wave Spectra
Initial Wave dA
Parameters at (V- V) 7
. — Sp(k) = Solk|>

rIjk[,AI \
Ar |kgl.s /
S(kg,r) = — @)553(1{[)

Local Wave Spectra A—B( k|

Local Radar Cross Section o’(vp, ki, 1) ~ S(kp,1)é(vp — v,(1))

Radar Sensitivity
Distribution: G

Simulated Doppler Spectra | P'(vp, k¢, x) ~ /S, G(r,r.)o’(vp, ke, v)dr’




Eddy (V,=0.125, $p=90deg. K;=(0,1))

NRCS
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Y—POS

Aok (dB) Aoa (dB) Aoy (dB) Aoqrr (dB)

T p—— T - —

-0.5 0 0.5 —2 0 2 4 -4 -2 0 2 4
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Eddy (V,

Doppler spectra without NRCS

Doppler spectra with NRCS
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Measurement error vs. Strength of current phenomena

Error
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Measurement error of radial velocity by HFOSR increases with the
intensity of current phenomena.



Comparison with the dimensional

velocity

In simulation model,

the current velocity is normalized by the phase velocity of ocean waves causing

the first-order echo.

Radar frequency [MHZ] 5.00 | 9.00 | 13.00|25.00 | 42.00
Phase velocity of causal ocean waves [m/s]| 6.84 | 5.10| 4.24| 3.06| 2.36
Normalized velocity 0.05 034 | 025| 0.21| 0.15| 0.12
0.10 068| 051 042 | 0.31| 0.24
0.13 0.86| 0.64| 0.53| 0.38| 0.30
0.15 1.03| 0.76 | 0.64| 0.46| 0.35
0.20 1.37 | 1.02| 0.85| 0.61| 0.47

Distance is normalized by the spatial scale of targeting ocean phenomena.

Radar sensitivity distribution is defined as Gaussian.
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Eddy (V,=0.125, $=90deg. K;=(0,x 1))

Current field (crossing angle: 90 deg)with averaged radial velocity
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Velocity Front Model

Radial Yal . 1D Velocity Front

—0.1 0 0.1 U(y) =-U, cos(p) (y>1)
LI -U, cos(e) sin(ry/2) (1<y<1)
T T Uy cos(e) (y<-1)
B0l ANNEENE . Vy) =-U, sin(e) (y>1)
0 v /I -Up sin(e) sin(ry/2) (1<y<1)
O
I — Uy sin(e) (y<-1)
N P e e + U,: Maximum velocity
O *x*féﬂ h” Z ¢ Divergence/Shear parameter
. IR e- O Pureshear
: T ' @= 90° : Divergence
0 30 60 90 120 150 180 -
or (deg.) p=-90" : Convergence

U : Angle between the velocity axis and the
propagation direction of the causal ocean waves
of the first-order echoes

Uy/C,=0.125, =0 °



Radar Cross Section (U,/Cp =0.125,¢9 =0")
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Radial Current (U,/Cp =0.125, 9 =0°)
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Hirauchi Radar — Radial current
velocity

Extracted from kg* Extracted from kg

eg8e 11 23 Va Rad Pos 199 11 23 03 Rad Neg




Kurio Radar — Radial current velocity

Extracted from kg* Extracted from kg

eg8e 11 23 LVa Rad Pos 19892 11 23 03 Rad Neg

10km 10km




Difference of Radial current
velocities

Hirauchi Kurio

le8e 11 23 08 Pos—Neg 1992 11 23 03 Pos—Neg

\H / ' 1 N‘H,I

10km

V(kg") - M(kg') <0

Agree with simulation results



Current field

Averaged radial current velocity
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