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H OW accurate are measurements
of velocities in the upper
ocean? Investigators in the Upper
Ocean Processes Group have been
interested in this question for vears.
Processes such as the wind-driven
response of the upper ocean and
Langmuir circulations have associat-
ed velocities which are small (1-10
cm/s) in comparison with the much
larger velocities associated with geo-
strophic currents and surface gravity
waves (10-100 cm/s).
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be averaged over 1-2 minutes time,

while the surface waves have periods
of 5-15 seconds. While the averaged
current does reflect the true average,
variations in that current may be
due to the sampling period not be-
ing perfectly in phase with the sur-
face waves. High sampling rates can
overcome this problem, but may not
be an option for very long deploy-
ments.

Another source of error is the
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Technical Note

Wave Biases in Current Meter Measurements

averaged depth, and the averaged
current measured at that depth). At
the surface the wave bias will be
equivalent to the Stokes drift, but at
depth 1t will be larger. This is be-
cause current meters at all depths
move up and down with the surface,
making excursions much larger than
those associated with the gravity
waves which die off exponentially
on scales of 10-25 meters. A further
complication 1s that current meters
may tilt in phase with

There are three types
of errors which are po-
tentially important.
The first of these 1s in-
strumental error— the
inability of the instru-
ment to correctly mea-
sure the flow field.
Such errors can result
if the current meter ro-
tors are not properly
designed, so that wave

A current meter moving vertically in phase
with the waves sees a larger current at the
crest than the trough, resulting in a bias.
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A current meter tilting in phase with the
waves will measure time-varying vertical
velocities as a mean horizontal velocity.

the waves, so that the
“horizontal” current
may actually contain
components of verti-
cal velocities as well.
These problems are il-
lustrated in Figure 1.
Are these errors

small or large? Recent
work” considered the
question for a string
of 14VMCM:s hung

velocities cause the ro-
tors to spin too quickly. Propellor
velocity sensors used on the Vector
Measuring Current Meters (VMC-
Ms)' were designed to eliminate
these errors, with the rotors only re-
sponding to that component which
was parallel with the axis of rota-
tion.

Even with a current meter which
measures the velocity perfectly, there
are at least two more potential prob-
lems with the measurements in the
presence of surface waves. The first
of these 1s aliasing. In most conven-
tional deployments the velocities
measured by the current meter must
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motion of current meters in phase with
the surface gravity waves. Surface
waves have a larger velocity along
their direction of propagation at the
crest of the wave than they do in the
reverse direction at the trough of the
wave. As a result, particles at a fixed
depth drift in the same direction as
the waves. Current meters on a
mooring will move up and down in
phase with the surface waves. There-
tore, they will see larger velocities at
the crest of the wave than at the
trough, resulting in a “wave bias ve-
locity” (a difference between the av-
erage current measured around the
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from a boom on the
Floating Instrument Platform
(FLIP).The string was treated as a
multiple pendulum forced by mo-
tions of the fulcrum and by the drag
and pressure forces generated by the
waves. The errors are shown in Fig-
ure 2A-C for a time period during
which the waves were high. The er-
rors in the mean velocity and shear
are much smaller than back of the
envelope calculations based on a sin-
gle wave frequency which are of or-
der 1-2 cm/s. The reason 1s that the
string only responds at a few reso-
nant frequencies, and because wave
energy is spread out over a spectrum
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Figure 2: Colculated wave biases. (A} Mean velocity for a string of VMCMs hanging
from a fixed plafform given waves of ~5m. (B) Same as A, but for velocity in a 2-36 cph
band. (C) Same as A but for shear in a 2-36 cph band. (D) Velocity bias for current
meters attached to a surface-following buoy, compared with the friction velocity.

there is relatively little energy at the
right frequencies to excite motions.
This will not necessarily be true for
shorter strings, however.

For a buoy, however, mean errors
are potentially quite a bit larger.
Figure 2D shows a time series of
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computed wave bias from a direc-

tional buoy deployed off Bermuda

in March of 1994. Bias velocities at
5 and 10 meters are shown, and are
demonstrated to be of similar mag-
nitude to the friction velocity. Thus
buoy measurements have larger in-
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herent errors in the shear than cur-
rent meters suspended from a rela-
tively stable platform.
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