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A note on some aspects of surface currents and tides
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Abstract

A concise and mathematical description is given of several aspects of surface currents and tides that
are encountered in the measurement and analysis of surface currents with ocean HF radar. The subjects
in concern are not only for practical data analysis but also for theoretical investigation: the representation
of tidal ellipses in terms of complex harmonic constants, the veering of tidal ellipses with depth, Ekman
currents in response to stochastic wind stress, and nearby fields around amphidromic or anti-amphidromic
points. Complex representation turns out quite useful in discussing those subjects. It is shown that, even
when the vertical eddy viscosity is uniform, the unsteadiness of wind stress (and shallow depth of the sea)
lowers the angle between wind stress and surface current below 45 degrees on an average with a weight
proportional to the power of wind stress. The vertical veering of tidal ellipse is argued to occur when
the vector of the surface tidal current rotates in the same direction as the inertial oscillation, in certain
circumstances. Under the same conditions, analytical expression is obatined for the depth dependence of
the major axis of the tidal ellipse as well. The co-range and co-tidal lines around an amphidromic point (the
point of vanishing tidal amplitude) are shown to be robust. On the other hand, the co-tidal lines around the
anti-amphidromic point do not necessarily assume such typical hyperbolic curves, if the anti-amphidromic

point is defined merely as a saddle point with respect to the amplitude of the component tide.
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Fig. 1 Radar observes only the radial componet
of the current vector, so that at least two
such components are necessary to deter-
mine the current vector. In the figure two
components @ and ¥ are measured by two
radars in the direction of fi and fi, respec-
tively. Those components are used to syn-
thesize the current vector, as is descirebed
in the text.
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Fig. 2 Tidal ellipse: (u,v) denote the (eastward,
northward) velocity components of tidal
current, (u’,v’) the velocity components
of tidal cuurent in the (long, short) axes
of the tidal ellipse, 2U > 0 denotes the
length of the long axis of the tidal ellipse,
2|V the length of the short axis of the
tidal ellipse, and « the angle of the long
axis with u the eastward component. The
tidal current vector at a moment is de-
noted by a dashed arrow, which rotates
with time clockwise when V < (0 and an-
ticlockwise when V > 0.
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Fig. 3 The angle —¢g of the variable surface cur-
rent with the variable wind stress of a
specified spectral form. See text for the
definition of ¢ and the spectral form of
wind stress. The abscissa and ordninate
denote log,, “L and —¢E in degrees, re-

spectively, for the northern hemisphere.
Note that —¢g (e) decreases from the the-
oretical value 45° (a) to 0, as wr increases
from O to infinity.
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U, V, alpha

Fig. 4 An example of the profiles of tidal ellipses;
o: U’ the length of the long axis, a: V' the
length of the short axis and v: a — «(0),
where U’ and V' are normalized by U’(0)

2
and o — (0) is normalized by M

The argument 0 means the value aﬁ: the

sea surface (z = 0). See text for details.

The profiles were calculated according to

the approximation described in the text.

The ordinate is the normalized depth Z

H
U
Vi) = —0.3 for this case, so that V'
U'(0)
changes the sign near the bottom.
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U, Vv, alpha

v'(o
Fig. 5 The same as Fig. 4 except that U/EO; =
0.3. Note that V' remains positive and in-
creases its magnitude toward the bottom.
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