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1. Introduction

The measurement of currents and water properties is of great importance, but few
comprehensive reviews have been written. Many of today's current measurement
techniques were either described or anticipated nearly 15 years ago (see, e.g., Dob-
son et al., 1980). Since then, significant improvements have been made in sen-
sors, electronics, computers and positioning and telemetry systems. Extensive testing,
increased availability and utilization have contributed to improved systems, many of
which utilize portable computers. In addition, higher-frequency sampling and longer
deployments are possible. The greatest progress has been realized in the development
of new bio-optical, acoustical and chemical sensors and systems, several of which
can be interfaced with current measurement devices (e.g., Dickey, 1988, 1990, 1991,
1993a,b; Dickey et al., 1991, 1993a,b,c, 1997; Dickey and Siegel, 1993).

Information relevant to the selection of instrumentation for different applications
and some key intercomparison studies are presented. We have attempted to provide a
reasonably thorough review, but omissions were unavoidable. In particular, detailed
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principles of operation are beyond the scope of this review' Thus readers interested
in such information are directed to papers cited here.

The present chapter is subdivided into sections treating (1) the background for
measurements; (2) Eulerian measurement systems deployed from moorings, bottom
frames and shore-based stations; (3) Lagrangian measurement systems: drifters and
drogues; (4) shipboard measurement systems; and (5) emerging systems and appli-
cations. Other chapters in this volume are devoted to complementary observational
methods.

2. Background for Measurements

Measurements in the coastal ocean are subject to many of the same constraints and
problems encountered in the upper portion of the open ocean, and many of the sys-
tems described here were in fact developed for open ocean applications. However, the
coastal ocean has often proven to be a more difficult environment, and the challenges
to technology are considerable. Several of the relevant technical issues and design
criteria for current measurements have been outlined by McCullough (1980). Impor-
tant considerations include structural or probe disturbance of the flow field (Wuck-
nitz, 1980), frequency response, mooring motion, current sensor response (e.g., cosine
response, linearity, effects of waves, etc.), fouling, signal-to-noise ratios, calibration,
water mass tracking fidelity of drifters and drogues, and more generally, sensitiv-
ity, stability, durability, reliability, ease of deployment, power consumption and cost.
Sampling and averaging in space and time are major considerations for measure-
ments as the properties of interest span up to 10 orders of magnitude. Advances in
computers available for use in instruments have reduced sampling constraints consid-
erably; however, nonlinearity of sensor response can still result in systematic error.
It is important to note that the choices of platforms and sensors require consideration
of several design and sampling objectives and that in many cases data collected from
complementary in situ systems and remote sensing platforms will be required (e.g.,
Dickey, 1991, 1993a). Nested arrays of platforms with multidisciplinary instrumenta-
tion as illustrated in Fig. 14.1 can provide comprehensive data sets on a broad range
of time and space scales (Dickey et aI., 1993a).

3. Eulerian Measurement Systems

Several instruments for measuring Eulerian currents and water properties from moor-
ings, bottom frames and shore-based stations are now available. The Eulerian method
is ideal for measuring temporal changes at multiple depths at representative or key
sites, particularly for long-term time-series research, monitoring and data assimilation
modeling. However, the measurements are only representative of local conditions.
Eulerian surface current measurements using shore-based high-frequency (HF) radar
systems can provide spatial maps of surface current data.

Many fixed-depth instruments measure currents in the vicinity of sensors such as
mechanical (e.g., propeller-type) rotors, electromagnetic (EM) current meters, and
acoustic travel time (ATT) current meters. It is important first to define what water
motion is of interest for a particular measurement. For example, in some cases, sur-
face wave effects may be of prime interest, whereas in others they may represent a
"contamination" of mean currents. The calibration of current meters for ocean deploy-
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Fig. 14.1. Array of nested platforms to sample multidisciplinary variables on broad time and space
scales in the coastal ocean. (After Dickey, 1991.)

ments is problematic. Current sensors can be calibrated in steady flow or even in
simple simulations of combined steady and wavelike flows in the laboratory; how-
ever, the actual currents of interest cover a broad spectrum of time and spatial scales.
As a consequence, the evaluation of current meter performance is limited by theo-
retical constraints, laboratory calibration with relatively simple flow conditions and
intercomparisons of nearly co-located current meters in the field.

Current measurements in the coastal zone are typically under the influence of sur-
face waves. In many cases, low-passed currents are desired, and it is necessary to
average motions above 10 to 100 cycles h-J to avoid aliasing. Halpern (1980) has
indicated that instruments on surface moorings are subject to surface wave-induced
motion, which affects data quality because (1) wave motion is at high frequencies
(with aliasing into lower frequencies) and thus not easily recorded; (2) recorded cur-
rents are relative to a mooring line, so that horizontal motion of the mooring is addi-
tive, giving errors in desired absolute current measurements; and (3) vertical mooring
motion can translate into spurious horizontal current measurements. Currents mea-
sured in the wave zone include a component related to mean drift associated with
surface waves (e.g., Kenyon, 1969; Pollard, 1973). Further, current meters moved
vertically through the wave zone, which has large vertical shear, may return currents
with means other than the true Eulerian mean (e.g., Pollard, 1973). Most fixed-depth
current meters are designed to measure horizontal velocity components rather than
the vertical component. If the current meter is kept vertical and has a response to
incident flow such that the flow speed is proportional to the cosine of the angle
between the flow vector and the horizontal plane, true horizontal currents will be
measured. However, the angle of attack varies when there are large wave-induced
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vertical velocities. Thus much research has been devoted to development of optimal
cosine response sensors (e.g., Weller and Davis, 1980).

Significant current measurement errors can be introduced by mooring motion, so
optimal mooring design is imperative (e.g., Berteaux, 1980). Moorings are intended
to be fixed in location with a bottom weight or anchor; however, they move both
horizontally and vertically to the detriment of desired measurements. Subsurface
moorings utilize subsurface floats and keep instruments below the wave zone. This
method cannot totally eliminate the negative effects of waves if the float is shallow,
and the depths of the instruments also change in time as the mooring leans over in
response to the drag associated with the mean flow. There are two types of surface-to-
bottom moorings. The first uses a surface-following buoy (e.g., Blendermann, 1980)
and tends to follow the dominant low-frequency surface wave motion. This moor-
ing must then have excess length with a scope (ratio of mooring length to water
depth) greater than 1. Another surface-to-bottom mooring is designed to decouple
the surface motion using a spar buoy which is of elongated shape and has little extra
buoyancy. The design must account for changing water depth (e.g., tides, etc.) so that
the surface buoy is not pulled beneath the surface. Work is being done to develop
elastic mooring lines capable of keeping a surface mooring taut through waves and
tides. Traditional surface moorings rely on depressor weights at middepth and anchor
chain on the bottom to control mooring shape. A combination of a surface following
surface-to-bottom mooring for upper water column measurements and a subsurface
mooring for deeper measurements can be used to obtain the favorable characteristics
of each.

The possibility of mechanical failures of moorings can be reduced if methods and
tests are employed to predict fatigue and to estimate useful lifetimes of mooring com-
ponents under dynamical loading (Grosenbaugh, 1995). Small and light instrumen-
tation packages are highly desirable. Moorings are vulnerable to damage or loss in
commercially active coastal waters. Thus special guard buoys, uninstrumented mark-
ers of the location of the instrumented mooring, may be desirable.

Summaries of some of the major Eulerian current measurement systems follow.
Detailed technical specifications are provided in several of the references cited.

3 .1. Mechanical Current Meters

Most mechanical current meters are intended to measure low-frequency horizontal
motion (lower frequencies than surface wave motion). Commonly used mechani-
cal sensors often utilize rotors, vanes or propellers along with a compass for direc-
tion determination (e.g., McCullough, 1980; Halpern, 1980; Davis and Weller, 1980;
Weller and Davis, 1980; Beardsley, 1987; Weller et al., 1990). The fundamental mea-
surement of speed is from rotor turns converted to horizontal water displacement,
which is divided by the sampling time interval. Many of these have been used in
the upper layer of the open ocean and in coastal water environments subject to sur-
face wave effects. Each type of sensor responds uniquely to a specific band of the
energy spectrum. One of the important design considerations is the complex nonlinear
response of the sensors to high-frequency or turbulent flows.

A review by Halpern (1980) suggests that the traditional Aanderaa current meter
with a Savonius rotor (10.5 x 7.0 cm) and large vane (95 x 37 em) is not suitable
for wave-zone measurements (e.g., overspeeding results). McCullough (1980) noted
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