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Ocean measurement systems—whether large distributed arrays, moving platforms, or dis-
crete sensors—share a common general limit: the information content of the observations, 
quantified in terms of the number of octaves of wavenumber and frequency resolved, is 
roughly proportional to the energy available for the measurements. For example, an octave 
of resolution in the frequency domain can be added either by doubling the sampling rate 
of a sensor to better resolve high frequencies, or doubling the sampling duration to add an 
octave at low frequency. Both involve a doubling of energy, assuming a fixed energy per sam-
ple. Similar considerations apply in the wavenumber domain. 

Energy is a particularly vexing issue at oceanic scales smaller than the mesoscale, 
where key processes, such as oceanic fronts and internal waves, are broadly but intermit-
tently distributed in space and time. The adequate sampling of such phase-coherent struc-
tures requires relatively more energy than monitoring spectrally homogeneous, uniformly 
distributed flows.

To address the challenge of dynamic, small-scale variability in the ocean, we developed 
the Wirewalker, a vertically profiling platform powered by surface waves (Rainville and Pinkel, 
2001; Pinkel et al., 2011; Figure 1). The Wirewalker has a cam that rectifies the vertical heav-
ing of a wire suspended beneath a surface buoy, propelling it downward. The cam releases 
the wire at the downward limit of the profile and the positively buoyant vehicle ascends 
decoupled from the wire, enabling the collection of data uncontaminated by surface wave 
motion. The Wirewalker profiles at approximately 20 m per minute, and profiling is equally 
effective in moored (Eulerian) and drifting (Lagrangian) modes. Although non-Lagrangian, 
drift bias can be diagnosed by onboard velocity measurements combined with the constant 
positioning afforded by surface buoy GPS. Critically, using surface-wave power allows batter-
ies to be conserved exclusively for onboard instrumentation rather than vehicle propulsion.

Rapid profiling from wave energy enables long-term, high-resolution views of internal wave 
(e.g., Lucas et al., 2011; Omand et al., 2011), ocean-atmosphere (Lucas et al., 2014), coastal cir-
culation (e.g., Feddersen et al., 2016), and submesoscale (e.g., Lucas et al., 2016) processes. 
The platform has also proven adept at coastal water quality assessment (e.g., Lucas et al., 
2015). Real-time telemetry has now been implemented for a number of sensors, using both 
cellular and satellite communication (supported by the US Office of Naval Research [ONR] 
Defense University Research Instrumentation Program). An ongoing test of the system in La 
Jolla Canyon, Southern California, netted 10 months of nearly continuous profiling, with an 
average of 120 profiles per day to 100 m depth (Figure 2). 

A host of different instruments has been fielded to date, with the bulk of a typical 
Wirewalker payload consisting of batteries required for sensor power. Under ONR sponsor-
ship, we are developing a prototype wave-powered electrical generator. When mature, this 
technology will enable longer deployments, depth-targeted adaptive sampling, profiling 
in extremely calm conditions, and a significant energy quota for biofouling mitigation. We 
believe that using wave power aggressively can lead to an increase in observing bandwidth 
at all scales in future ocean measurement systems.

Ocean Wave Energy for Long Endurance, 
Broad Bandwidth Ocean Monitoring
By Andrew J. Lucas, Robert Pinkel, and Matthew Alford

FIGURE 1. Components of the bio-optical Wirewalker platform. The assem-
bly consists of (a) a GPS-tracked surface buoy, (b) the wire (of variable 
length from 10 m to 500 m), (c) the instrumented Wirewalker profiler, and 
(d)  a downweight to maintain the wire in a vertical orientation. Various 
other instrumentation can be suspended at or below the ballast weight. 
For example, on a series of recent deployments, Melissa Omand and col-
leagues used (e, f) a suspended array of particle-intercepting sedimenta-
tion traps with a time-lapse marine snow camera and (g) a second ballast 
weight below. Watercolor painting by M.M. Omand and K. Carlson; From 
Omand et al. (2017, in this issue)
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FIGURE 2. Monitoring water-column variability in the La Jolla Canyon off Southern California. The figure shows a nine-
day segment from a 10-month and ongoing Wirewalker deployment. Profile repeat rate is ~12 minutes (~1,000 profiles 
are shown here). The canyon is host to an energetic, mode-2 internal tide, with large vertical oscillations of isopycnals 
and tidally modulated strain (panels a and b). Phytoplankton and sediment concentration (panels c and d) are vertically 
and temporally modulated by these strong internal tide oscillations, which significantly impact the local ecosystem and 
littoral sand circulation.

REFERENCES
Feddersen, F., M. Olabarrieta, R.T. Guza, D. Winters, B. Raubenheimer, and S. Elgar. 

2016. Observations and modeling of a tidal inlet dye tracer plume. Journal of 
Geophysical Research 121:7,819–7,844, https://doi.org/ 10.1002/2016JC011922.

Lucas, A.J., P.J.S. Franks, and C.L. Dupont. 2011. Horizontal internal-tide fluxes 
support elevated phytoplankton productivity over the inner continen-
tal shelf. Limnology and Oceanography: Fluids and Environments 1:56–74, 
https://doi.org/10.1215/21573698-1258185.

Lucas, A.J., and R.M. Kudela. 2015. The fine-scale vertical variability of a waste-
water plume in shallow, stratified coastal waters. Estuarine, Coastal, and Shelf 
Science 186:183–197, https://doi.org/10.1016/j.ecss.2015.08.010.

Lucas, A.J., J.D. Nash, R. Pinkel, J.A. MacKinnon, A. Tandon, A. Mahadevan, 
M.M. Omand, M. Freilich, D. Sengupta, M. Ravichandran, and A. Le Boyer. 2016. 
Adrift upon a salinity-stratified sea: A view of upper-ocean processes in the 
Bay of Bengal during the southwest monsoon. Oceanography 29(2):134–145, 
https://doi.org/10.5670/oceanog.2016.46.

Lucas, A.J., G.C. Pitcher, T.A. Probyn, and R.M. Kudela. 2014. The influence of diur-
nal winds on phytoplankton dynamics in a coastal upwelling system off south-
western Africa. Deep Sea Research Part II 101:50–62, https://doi.org/10.1016/ 
j.dsr2.2013.01.016.

Omand, M.M., I. Cetinić, and A.J. Lucas. 2017. Using bio-optics to reveal 
phytoplankton physiology from a Wirewalker autonomous platform. 
Oceanography 30(2):128–131, https://doi.org/10.5670/oceanog.2017.233. 

Omand, M.M., J.J. Leichter, P.J.S. Franks, R.T. Guza, A.J. Lucas, and F. Feddersen. 
2011. Physical and biological processes underlying the sudden surface appear-
ance of a red tide in the nearshore. Limnology and Oceanography 56:787–801, 
https://doi.org/10.4319/lo.2011.56.3.0787.

Pinkel, R., M.A. Goldin, J.A. Smith, O.M. Sun, A.A. Aja, M.N. Bui, and T. Hughen. 
2011. The Wirewalker: A vertically profiling instrument carrier powered by 
ocean waves. Journal of Atmospheric And Oceanic Technology 28:426–435, 
https://doi.org/10.1175/2010JTECHO805.1.

Rainville, L., and R. Pinkel. 2001. The Wirewalker: An autonomous wave-powered 
vertical profiler. Journal of Atmospheric And Oceanic Technology 18:1,048–1,051, 
https://doi.org/10.1175/1520-0426(2001)018 <1048:WAAWPV>2.0.CO;2.

AUTHORS
Andrew J. Lucas (ajlucas@ucsd.edu) is Assistant Professor, Robert Pinkel is 
Professor Emeritus, and Matthew Alford is Professor, all at Scripps Institution of 
Oceanography, University of California, San Diego, La Jolla, CA, USA.

ARTICLE CITATION
Lucas, A.J., R. Pinkel, and M. Alford. 2017. Ocean wave energy for long endurance, 
broad bandwidth ocean monitoring. Oceanography 30(2):126–127, https://doi.
org/10.5670/oceanog.2017.232. 

https://doi.org/10.1002/2016JC011922
https://doi.org/10.1215/21573698-1258185
https://doi.org/10.1016/j.ecss.2015.08.010
https://doi.org/10.5670/oceanog.2016.46
https://doi.org/10.1016/j.dsr2.2013.01.016
https://doi.org/10.1016/j.dsr2.2013.01.016
https://doi.org/10.5670/oceanog.2017.233
https://doi.org/10.4319/lo.2011.56.3.0787
https://doi.org/10.1175/2010JTECHO805.1
https://doi.org/10.1175/1520-0426(2001)018<1048:WAAWPV>2.0.CO;2
mailto:ajlucas@ucsd.edu
https://doi.org/10.5670/oceanog.2017.232
https://doi.org/10.5670/oceanog.2017.232

