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Abstract submitted for 4th Ml Symp. on Ocean Wave Measurement and Analysis 
 (WAVES 2001) Sept 3-5, 2001 San Francisco, CA, USA  

Space-Time Imaging of Shoaling Waves and Surf /ÖöG 

John Dugan, Cindy Piotrowski, and Zandy Williams 
Arete Associates, 1725 Jeff Davis Hwy, Crystal City, VA, 22202, 703 413 0290 

last name@arete-dc.com 
and 

Todd Holland 
Naval Research Laboratory, Code 7442, Stennis Space Center, MS, 39729,228 688 5320, 

tholland@nrlssc.navy.mil 

Abstract 

A fundamental barrier to consequential evaluation of modern, very capable shoaling wave 

and surf models has been the inability to provide high-quality ocean data with which to test 

model results. This paper describes a development intended to satisfy this need by providing 

space-time visible images of the nearshore from which three parameters crucial to such 

evaluations are simultaneously retrieved. These fields are the wave spectrum, bathymetry and 

currents. A panchromatic digital framing camera has been mounted on a small aircraft and used 

to collect time series of images of waves as they shoal and break. The camera system is 

controlled by a computer-driven turret which provides accurate location and pointing angles so 

that the images can be mapped to the mean water level on a common geodetic reference surface. 

This effectively separates space and time variations associated with the waves. The resulting 

time series imagery can be mapped and displayed much like a movie taken from a sky hook (see 

the single frame of mapped data attached below). These data are used with algorithms to retrieve 

the ocean parameters of interest, specifically the wave spectrum, water depth and currents. The 

3-D frequency-wavenumber spectrum is calculated in sub-regions of the nominal 2 km scene, 

and the theoretical dispersion relation for linear gravity waves is fit to the spectrum, with the 

local water depth and current as free parameters. Also, the frequency-direction (f-d) spectrum is 

computed by integrating the 3-D spectrum. Comparisons of these results are made with a 



bathymetry survey, ADCPs, and the spectrum from the pressure array at the US ACE FRF as part 

of the SHOaling Wave Experiment (SHOWEX). The retrieved f-d spectrum is essentially 

identical to the FRF spectrum, except in instances when alongshore currents Doppler shift the 

higher frequency waves. Also, the retrieved water depths and currents generally are accurate to 

-5% relative values. In addition, the patterns of wave breaking also are analyzed to infer the 

patterns of wave stress and the morphology in the surf zone, much as has been done with visible 

image data from the ARGUS tower-mounted video cameras in recent years. 

Finally, these parameters can be retrieved across much of the 2 km imagery, so that these 

product fields can be compared directly with the output fields of 2-D shoaling wave and surf 

models. Since these are the same parameters that are essential elements of various nearshore 

models, we suggest that a unique use of these data sets is providing test cases for evaluating 

shoaling wave and surf models. Data sets were collected both at FRF and nearby Oregon Inlet 

during SHOWEX, so test cases could be assembled for both simple and complex morphology. 
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