
 
 
 
 

Chapter 1 

Introduction 

1.1 Motivation for study 

The nearshore is the coastal region close to land where surface waves rapidly evolve and 

break in the surf zone.  It is also an area where the bathymetry is continuously evolving over 

time scales varying from hours to years.  One of the most significant factors contributing to the 

vulnerability of coastal areas is the erosion of sediment from beaches.  As waves break on the 

coast they are constantly moving sand, eroding beaches in some areas and depositing sediment in 

others.   With over half of the US population living within 50 miles of the coastline, beach 

evolution can have a dramatic impact on coastal communities, economies, and industry (Helvarg, 

2003).   The National Oceanic and Atmospheric Administration (NOAA) estimates that $10 

billion of infrastructure is currently at risk from coastal storm damage and this number is 

expected to greatly increase as people continue to migrate to coastal areas.  Continuing research 

on the complex behavior of coastal erosion is needed to better understand how the nearshore 

responds to wave forcing in order to better predict the outcomes of interaction between society 

and this dynamic environment.                                                                                                          

1.2 Background 

 One of the dominating factors influencing surface wave transformation is the underlying 

topography and its spatial and temporal variability.  Ocean waves are typically generated by 

winds blowing across the water surface creating orbital wave motion in the water column.   In 
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deep water, these waves are unaffected by the ocean floor, but as water depths decrease toward 

shore, the impedance of the land disrupts this associated, circular motion (Figure 1.1). 

 

Figure 1.1: Schematic showing the process of wave transformation as waves propagate into the  
shallow water of the surf zone.  

This causes the wave to become steepened until reaching a critical point where it then spills over 

itself creating a “breaker” (Trujillo and Thurman, 2005).  Topographies of varied slope greatly 

impact the nature of the propagating wave field, particularly close to shore where the slope 

increases and the water shallows.  Therefore, knowing the topography is critical to understanding 
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the way waves and currents behave in the nearshore, and their impact on sediment transport and 

beach erosion.  

 In the surf zone (often) powerful waves dissipate their energy on the shore, and thus 

obtaining beach profile measurements can be a difficult task.  A range of approaches have been 

developed from conventional in situ surveys to technological advances allowing for remote 

optical estimation.  Many of the traditional in situ methods using, for example, rod surveys 

(Figure 1.2) and amphibious vehicles with sonar and GPS technology (Figure 1.3) have logistical 

drawbacks.  Only a relatively small area (of order 1 km² ) is typically surveyed because of the 

laborious, time-consuming process associated with these practices.  Measurements are also only 

able to be taken when wave heights are relatively low limiting the ability to examine the dynamic 

evolution occurring during storms and high wave events.   

 

Figure 1.2: Example rod survey, a traditional methods for obtaining water depths. 
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Figure 1.3: Coastal Research Amphibious Buggy (CRAB) – one of the more traditional methods 
for obtaining in situ bathymetric data.  
 

 Recent advancements in remote sensing technology allow for the capability to greatly 

increase the scale of surveyed regions spanning regional topographic changes along large 

stretches of coastline.  Light Detection and Ranging (LIDAR; Figure 1.4) is one such system 

being implemented since the early 1990’s (Irish et al., 2000). 

   

Figure 1.4: A modern Light Detection And Ranging (Lidar) system used to obtain water depths 
through the used of aerial laser pulses. 
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By using GPS and high frequency lasers pulsed from an aircraft, the system is able to measure 

water depths based on the amount of time taken for the beam to be emitted, reflected from the 

surface, and returned.   

 Although this is a very precise  and efficient method, there are still technical 

complications hindering the overall effectiveness of this technique (within 15 cm vertically; Irish 

et al., 2000).   One major impediment is the presence of bubbles in the surf zone caused by wave 

breaking.  Along with fog and rain, the laser is unable to penetrate turbid, bubbly water to the sea 

bed.  With the high cost associated with LIDAR surveys, it is often inaccessible to many 

communities with beach monitoring needs.   

 Due to logistical difficulty and high cost associated with established methods, the need to 

develop low cost, easily accessible techniques was recognized.  One approach includes passive 

imaging systems combined with spatial and temporal properties of surface gravity wave behavior 

to remotely extract water depths (Dugan et al, 2001 b). The theoretical connection between 

bathymetry and the phase speed of surface waves was first modeled mathematically using linear 

wave theory (e.g. Stockdon and Holman, 2000).  Based on this idea, water depths in intermediate 

and shallow water can be calculated by observing the spatial variation (wavenumber) in surface 

gravity wave energy distribution as a function of wave frequency.  This relationship is given by 

the linear wave theory dispersion relation,  

           

           (1) 

 

( )hg kk tanh2 =σ
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where frequency σ  is 2π/T with T  the wave period,  g  is the acceleration of gravity, 

wavenumber k is 2π/L with L  the wavelength, and h is the water depth.  Equation (1) can then 

be rewritten to solve for the h in terms of σ and k,  

 

                       (2) 

  

Thus, if the surface wave energy distribution, E(σ, k) can be measured remotely, then the 

water depth can be inferred from (2) by determining the appropriate σ, k values from E(σ, k). 

This method was first used in remote sensing practices of nearshore research in the 1940’s 

during World War II with military applications (Williams, 1946; Seiwell, 1947).  Still 

photographs were taken and the change in wavelength of swells was measured between two 

images separated by a short time.  The use of this imaging technique later expanded to digital 

video systems in the 1990’s (Dugan et al, 2001 a).  

Video systems have also been used to record images from fixed cameras mounted on land 

(e.g. Lippmann and Holman, 1989, and many others).  Video imaging methods have many 

scientific benefits because their imagery spans large spatial and temporal scales, they do not 

require emersion into an environment of damaging nature such as the surf zone, and they can 

obtain data at times when it would be impossible to make manual measurements, such as during 

storms (Stockton and Holman, 2000).  For these reasons, video-based techniques have become 

internationally practiced for coastal studies in countries worldwide (Turner et al., 2006).   

Video cameras detect the luminance reflected off the sloping sea surface.  E(σ, k) spectra 

needed for the dispersion relation can then be approximated with video through the use of 3D 

Fast Fourier Transforms (3D FFT).  This technique was first explored in the work of Dugan et al, 
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(2001 a) with video imaging systems mounted on small airplanes (Figure 1.5).  Their system, 

called the Airborne Remote Optical Spotlight System (AROSS), captured 8 minutes of video 

images of an area 500 x 500 m recorded at 2 Hz at an altitude of 2.8 km.       

                    

 
Figure 1.5: Airborne Remote Optical Spotlight System (AROSS) used in the aerial imaging 
technique of Dugan et al, 2001. This plane, with a camera mounted on the lower nose in the 
lower right corner of the image, was used to record coastal video images to later be analyzed for 
estimated water depths. 

 

The plane circled the area and then subsequently moved landward with each successive 

circle being analyzed for individual water depth estimates.  These images were then transformed 

onto the World Geodetic System 1984 (WGS84) grid and precisely known ground control points 

were used in the image to ensure accurate position and to correct distortion from the highly 

oblique camera angle.  Spectral analysis using 3D FFT methods were then applied to selected 1 

minute time series from the collected imageset allowing a water depth to be estimated.  Results 

from this work were compared to in situ survey measurements.  Water depths in 4-12 m from the 

bathymetric inversion algorithm had root-mean-square (RMS) errors typically between 0.5 – 1.0 

m.  Estimates in shallow water (less than 4 m) were not examined because the large spatial area 
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of the camera footprint was too large and spanned the rapidly varying bathymetry all the way to 

the shoreline.  

  The goal of this research is to apply similar video imaging methods developed by Dugan et 

al, (2001b) to a land-based system and estimate the bathymetry in shallow water to as near the 

shoreline as possible.  After modifying the airborne methods it will be shown that water depths 

can be estimated by the land-based system with RMS errors on the order of 0.5 m into depths as 

shallow as 1 m. 

In the following we describe our field methods for collecting video data and the inversion 

techniques for estimating the depth.  We then present results from 12 surveyed comparisons with 

independently sampled bathymetry from established in situ methods.  Results are then described 

in terms of wave conditions, wave nonlinearities, image resolution, and obstructions by a pier 

visible in the images.   
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Chapter 2 

Methodology 

2.1 Research Location 

 Video data for this study are obtained from a camera positioned on a 20 m tower (Figure 

2.1) mounted on the dune on the Outer Banks, North Carolina near the town of Duck (Figure 

2.2).  The camera faces northeast and overlooks the surf zone near the US Army Corp of 

Engineers (USACE) Field Research Facility (FRF) pier. 

   
Figure 2.1: Image of the tower with video camera at the top used to record coastal video images. 
 

The beach at Duck is an intermediate sloping beach (generally ranging from 0.05 - 0.015) and 

the wave field is primarily dominated by incident waves (Birkemeier et al., 1985, Lippmann et 

al., 1993).  Bathymetric surveys over a 1.5 km section of coastline are regularly performed by the 

FRF staff using amphibious vehicles on an approximate monthly basis.  These surveys will be 
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used as ground truth for our estimated bathymetry obtained from the video data.  Ancillary data 

includes mean water level data measured by a NOAA tide gauge, and directional wave 

information from permanent bottom-mounted pressure sensors (Long et al., 1991).   

 

 

 

 

 

 

 

 

  

          (a)                      (b) 
Figure 2.2: The research site location for this study in Duck, North Carolina, USA (Panel a) at 
the USACE Field Research Facility (Panel b). 
 

 Video images are recorded three times a day typically for 30 minute durations at four 

hour intervals.  These images are part of a large dataset for this location that began in October 

1997.  The video system was upgraded in November 2006 from analog cameras with 640-by-480 

pixels to a digital camera with 1280-by-960 pixels.  The 4-fold increase in pixels is expected to 

improve the results; therefore, the dataset used in this study only considers the images collected 

using the new system from November 2006 to October 2007. A total of 12 sample days were 

analyzed corresponding to days when the FRF surveyed the beach.   Recorded images 

encompass an area of 1 km alongshore and 0.5 km cross-shore (Figure 2.3) that overlapped with 



 11

FRF surveys. Image-to-ground geometrical transformation parameters are determined for the 

camera orientations using methods described in Holland, et al (1997).  

  
Figure 2.3: Plan view of the area encompassed by the camera.  The axes are in the FRF 
coordinate system. 

 

Each image is orthonormalized  into an equally-spaced 1 m grid based on weighting the pixel 

intensities by neighboring values (Figure 2.4).  Each pixel in the orthonormalized image 

corresponds to a ground location.  For the analysis, a 100 m by 100 m region is sampled from an 

approximately 12 minute time series and used in the inversion algorithm to estimate a water 

depth at the center of the array (described next).  The spatial and temporal variability of the wave 

field is quantified with the video,  where the nature of the signal outside the surf zone is based on 

the changing reflectance characteristics of light on the front and back sides of the waves.  In 

random waves, these spectral characteristics are used to represent the wavenumber-frequency 

variation in directional wave spectra.  Within the surf zone where waves are breaking, the signal 

is based on the contrast between actively breaking waves and bores and the unbroken 

surrounding water. 
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(a) 

 

(b) 

Figure 2.4: Panel (a) displays a sample snapshot image recorded from the video system.  This 
image is time-averaged and placed in an ortho-normalized view shown in Panel (b). 
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2.2 Inversion Methods 

 Video systems record incoming waves and their breaking patterns through spatial and 

temporal variations in pixel intensities.  Based on the linear wave theory dispersion relation (1), 

identified energetic waves at particular wavenumber and frequency can be used to solve for the 

water depth (2).  A 3D FFT can be applied to the video data to estimate these wave variables.  

 The 3D FFT transforms the square array of pixel time series into the frequency and 

wavenumber domain.  In this case the 2 spatial dimensions of the square image array leads to 

wavenumber estimation in both the cross-shore direction, xk , and the alongshore direction, yk , 

at each frequency.  The magnitude and direction, α , of the wavenumber vector (i.e., the 

direction of the propagation of that wave component) is given by  

     2
1

22 )( yx kk +=k     (3) 
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For this reason the frequency-wavenumber energy spectra, E(σ, xk , yk ), is sometimes referred to 

as the directional wave spectrum, E(σ, α), indication from which direction the wave energy is 

approaching.  Integrating over all directions (or equivalently over all xk , yk ) gives the energy 

spectra of the wave field, E(σ) 
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In Dugan, et al. (2001b), ),,( yx kkE σ  is approximated with sea surface reflectance obtained 

from video records, ),,( yx kkI σ .  The assumption is that the spatial scales of energy distribution 

as a function of frequency is retained, and that ),,( yx kkI σ   is proportional to ),,( yx kkE σ .  
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Similarly integrating over all wavenumbers provides an estimate of the image intensity 

distribution as a function of frequency, )(σI .  An example of observed )(σI  from our data set is 

shown in Figure 2.5.   

 

Figure 2.5: Plot of frequencies associated with the wave field at a selected location on the video 
image. 
 

 In the methods of Dugan, et al (2001b), the peak frequency, pσ , associated with the 

maximum in E(σ) is identified from the 3D FFT of a 2 minute time series of orthonormalized 

imagery.  The xk and yk associated with the maximum energy in I( yxp kk ,,σ ) determines the 

corresponding wavenumber to be used with pσ  in (2) to determine h.  The resolution in 

wavenumber spectra, dk, is determined by the size of the interrogation window; in Dugan, et al 

(2001b) the interrogation window was 500 m by 500 m, corresponding to dk = 1002.0 −m  for both 

the cross-shore and alongshore wavenumber resolution. 
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 In our methods, we follow a similar procedure with a few notable exceptions.  The first is 

that the interrogation window is much smaller, 100 m by 100 m.  This allows us to probe 

shallower water where the bathymetry is more spatially variable.  Comparisons done later will 

determine to what depths the technique can be applied.  The cost of a small area is decreased 

wavenumber resolution, dk = 101.0 −m .  The wavenumber resolution is not fine enough to 

accurately determine k.  However, assuming that the wave field is a Gaussian process, we can 

employ a Gaussians peak fitting algorithm to I( yxp kk ,,σ ) to give sub-wavenumber bandwidth 

estimates.  An example I( yxp kk ,,σ ) is shown in Figure 2.6 with identified centroid of the energy 

distribution.  

  

 

 

 

 

 

Figure 2.6: Two wave number spectra selected from frequencies in Figure 2.5.  Wavenumbers  
yx kk ,  associated with the maximum energy determine |k|. 

 

 The second difference in our methods is that we can utilize longer time series of video 

images and further repeat the analysis over successive 4 minute intervals (ensembles).  In this 

work we estimate wavenumbers for three consecutive 4 minute ensembles and average the 

results to give a single k for the given frequency. 

 The third difference is that we will estimate an average k for each frequency in I(σ), not 

just the peak value.  We can thus estimate wavenumbers as a function of frequency spanning the 
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range of sea and swell frequencies typical of open coast beaches (0.05 Hz < f < 0.33 Hz).  We 

can then fit a curve based on the dispersion relation to the range of σ, k pairs estimated.  A 

nonlinear least squares fit to the data determines the best estimate of the water depth.  An 

example is shown in Figure 2.7.  

 

             

Figure 2.7: Plot of wave numbers used with frequency to estimate a water depth based on the 
best-fit curve of the linear dispersion relation to the data. 
 

 After a water depth has been estimated, the window is subsequently moved 10 m 

landward and the 3D FFT is repeated to solve for another water depth at the new location.  After 

repeatedly moving the region from well-offshore to the shoreline, an estimated cross-shore 

profile is produced (Figure 2.8) similar to methods in Dugan et al., (2001b).   
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Figure 2.8: This figure shows an example region of 100  x 100 m used to create a cross-shore 
profile at y = 410m by subsequently moving the region toward the shore. 
 
The analysis can be further repeated with additional transects alongshore offset by 20 m up the 

coast to yield a 2-D map of the bathymetry over a nearshore region spanning approximately 0.5 

km across-shore and 1 km along the coast.  

 When making these water depth estimates, there are several ways to solve the dispersion 

relation.  One way is to assume shallow water waves, ghk=σ  , which will require use of a 

straight line to fit through the frequencies.  This assumes linear orbits of the waves, however, due 

to the dispersive nature of waves in intermediate depths we would not expect this method to 

perform well outside the surf zone.  Regardless, analysis using this technique was explored to 

determine if favorable results would be produced (with mixed results).  A better alternative is to 

simply solve the dispersion relation (equation 2) requiring a nonlinear least square approach to 

estimate h.  The curved form of the  solution is fit through the associated frequencies rather than 
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a straight line.  This method better accounts for some of the frequency-dependent properties of 

waves in intermediate water depths.  Another method explained in the analysis was to take the 

average of both shallow and general forms for evaluating the dispersions. All three approaches 

were implemented and evaluated in this work, results indicated that using the general form for 

the dispersion relation was generally more reliable and was thus used henceforth. 

 Several assumptions in the analysis were necessary, including ignoring possible wave-

current interactions and wave nonlinearity, and that the temporal variations of the incident wave 

field were accurately reflected in the data.  The implications of these assumptions will be further 

discussed in chapter 4. 

 

.   
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Chapter 3 

Results & Analysis 

 In this chapter we compare results between the land-based video inversion technique with 

tradition in situ survey data collected by the FRF staff to evaluate the accuracy of the results.  In 

total 12 sample days were used for this study. Representative results from 7 December 2006 are 

presented in detail, and then a summary of errors as a function of spatial position for all runs is 

presented.  An oblique snapshot and an orthonormalized image of the study region are shown in 

Figure 3.1, depicting a clear day characterized by relatively low amplitude (Hs = 0.24 m), long 

wave period waves (T = 10.5 s) and a narrow surf zone very near the shoreline.         

                  

Figure 3.1: This image is a snapshot from the sample date 7 Dec, 2006. 
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3.1 Survey Comparison 

 Figure 3.2 shows the FRF bathymetry measured with traditional methods on 7 Dec 2006.  

The region of interest ranges from the shoreline to about 500 m from shore at a depth of about 6 

m. There is a small sandbar at approximately 300 m cross-shore in the FRF coordinate system. 

Alongshore variability is approximately uniform except near the FRF pier located  at 500 m 

alongshore.  

 Figure 3.2:  2D map created by interpolating between transect lines measured using in situ FRF 
survey data. These data are used to compare with estimated results to determine accuracy of the 
inversion technique. 
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 Waves interacting with the pier pilings cause the formation of a large scour hole around 

the structure.  FRF transect lines were measured approximately every 50 m and, with interpolated 

results between measured lines, provide full coverage of the large scale bathymetry in the region.  

 Estimated results from the video imaging technique are shown in Figure 3.3 for 7 Dec 

2006.  Similar to the survey transects in Figure 3.2, only cross-shore lines were calculated in the 

image and interpolated to the FRF measurement locations to allow direct comparisons.   

         

 
Figure 3.3: Estimated water depths obtained using the inversion technique.  The black lines 
labeled A-D are associated with the individual profile lines shown in Figure 3.4. 
  

Four of these transects have been selected from the image and displayed in Figure 3.4 to 

demonstrate the performance of the technique at various distances throughout the image.   

A 

B 

C 

D 
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Underwater formations such as the sandbar location and the hole under the pier are also capable 

of being detected and can be seen in finer detail in the individual profile lines.   

 

A       B 

 

 

 

 

C       D 

 

C       D 

 

 

 

 

 
 
 
 
Figure 3.4: These Panels shows individual selected transect lines chosen to display how the 
inversion technique performs at specific locations.  Each panel corresponds to lines in Figure 3.3. 
The black line represents the in situ data surveyed by the FRF staff and the estimated 
bathymetries are represented by the red dots. Mean sea level is also shown by the straight, 
dashed line.   
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 Differences (in meters) between the in situ and video estimated profiles are shown in 

Figure 3.5.  Differences were created by subtracting the estimated water depths from the FRF in 

situ measured values.   

 

Figure 3.5: Difference map between the estimated results and the in situ survey data.  Positive 
values correspond to underestimates and negative numbers represent overestimated water depths 
using the inversion technique. 
 

Positive values on this plot indicate that the inversion technique underestimated the actual water 

depth in meters while negative numbers are associated with overestimated depths.  Bathymetry 

errors for this day are generally much less than 0.5 m over most of the region, including at large 

distances (about 1 km) from the camera.  Larger errors are observed closer to the shoreline, and 
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in regions influenced by the pier structure itself (e.g., the pier pilings and pier deck and 

infrastructure), and are discussed in more detail later.   

3.2 Statistical Analysis  

 RMS errors were calculated to provide a quantitative assessment of results as a function 

of cross-shore and alongshore location.  That is, along specific cross-shore and alongshore 

transects, RMS errors are calculated and plotted as a function of alongshore and cross-shore 

position, respectfully (Figure 3.6).  RMS errors associated with the cross-shore position are 

generally less than 0.5 m within 300 m of the shoreline, beyond which errors increase to about 

0.75-1.0 m as a result of diminishing image resolution, edge effects in the image, and influences 

from the pier.   

 
Figure 3.6: RMS errors as a function of cross-shore and alongshore positions for the sampled 
day 7 Dec 2006. 
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Efforts to reduce errors caused by the pier were attempted by excluding estimates known to be 

contaminated by the pier (within the blue lines greater than 300 m in Figure 3.3).  However, 

shadows and reflections from the pier often extend beyond this area and impact the results. RMS 

errors as a function of alongshore coordinate are typically less than 0.5 m except in the region 

between 400-550 m which is the region strongly influenced by the pier. Between 650-700 m the 

deck of the pier blocks the wave field completely and is eliminated from the analysis.   

   RMS errors from all 12 sample days spanning the 1 year period have been contoured as 

a function of cross-shore and alongshore positions (Figures 3.7 and 3.8).  RMS errors are 

generally less than 0.5-0.75 m within 300 m of the shore and often extended to distances as much 

as 500 m from shore.  Alongshore errors are also generally less than 0.5-0.75 m except where the 

pier influences the imagery.  Periods of poor bathymetric inversion are a result of poor image 

quality (such as rain or fog). 

  

Figure 3.7: Contoured RMS errors as a function of the cross-shore position for each of the 12 
samples days spanning the 1 year period from November 2006 – October 2007 .   
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Figure 3.8: Contoured RMS errors as a function of the alongshore position for each of the 12 
samples days spanning the 1 year period from November 2006 – October 2007 . 
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Chapter 4 

Discussion 

4.1 Influence of FRF Pier 

 The region from approximately 500 – 700 m in the orthonormalized image reflects the 

area where the FRF pier partially obscures the wave field causing the introduction of significant 

inaccuracies in the analysis. Without the presence of the pier it can be assumed that continuous 

water depths could be estimated with similar accuracies before and beyond the pier location, but 

it plays an important role in this study by demonstrating how the technique can be used when 

structures are present.   

To reduce pier biases in the RMS errors, in all calculations the region encapsulated by the 

thin blue lines greater than the 300 m cross-shore coordinate (such as in Figure 3.3)  were not 

included in the analysis.  The region of the image with the pier region shoreward of the 300 m 

coordinate often gave good results because the propagating wave field was detected through the 

pier pilings.  However, with increasing distance from the shore, the camera viewing angle 

changes and the pilings become a barrier in the images blocking views of the wave field under 

and beyond the pier.   

Some of the sampled days appeared to be more impacted by the pier due to factors such 

as sky luminance and the position of the sun.  Bright sunshine and calm waves increases the 

reflectance of the pier off the water and creates more visible shadows underneath and behind the 

pier.  Figure 4.1 shows a worse-case scenario where errors arising from pier influences inhibit 

the ability to estimate for water depths.  
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Figure 4.1: Worse case example where the influence of the pier inhibits the ability to produce 
and estimated water depth. 

 

Figure 4.2 shows a more optimal situation where water depths are able to be accurately 

estimated through the pilings suggesting that results can be obtained under favorable conditions.  

 

Figure 4.2: Example favorable scenario where we are able to accurately estimate water depths 
through the pier. 

 

4.2 Wave Conditions 

 While video data was recorded daily, the bathymetric inversion technique was only 

applied to specific days when the in situ surveys were performed by the FRF staff.  These were 

typically completed at monthly intervals, but since these surveys require submersion into the surf 
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zone, measurements were only made on days when wave conditions were generally mild ( rmsH  < 

1.0 m).  As a consequence, results presented however are biased to small wave days.  It is of 

interest to examine the technique to determine limitations over the range of conditions 

anticipated in the field. This requires further field studies where ground-truth survey data was 

collected under high waves, most likely with jet-skis or other highly invulnerable watercraft 

operating in the surf zone.   

4.3 Currents 

 The presence of surface currents in the nearshore was not taken into consideration in this 

study.  Mean currents can interact with the wave field causing the waves to refract and the wave 

celerity to decrease in speed (depending on the direction of the current) changing the estimated 

water depth. It is possible to include mean current interactions in the dispersion relation (1) as in 

Dugan, et al (2002).  To extract the flow requires very high resolution of the higher frequency 

wave motions and with higher than 8-bit (255 shades of gray) pixel depth (for example, 12-bit 

cameras used by Dugan, et al, 2002).  This effort is being pursued in ongoing studies.  

Nevertheless, results for the low wave days examined suggest that this effect is weak, and likely 

due to the absence of strong wave driven flows under these conditions.  

4.4 Wave nonlinearities 

 Linear wave theory is used to estimate depths in all regions despite the fact that waves 

associated in shallow water, closer to the shoreline evolve nonlinearly and have celerities that 

include amplitude dispersion (i.e., the wave phase speed depends also on the height of the wave), 

and in fact, we see increases in errors very near the shoreline.  Theoretically, the linear 

dispersion relation should break down once waves begin to develop nonlinearity; however, in 

this study it is ignored and linear wave theory is applied all the way to the shoreline.  Again, 
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under the relatively small wave days examined, it appears that the linear dispersion relation 

works well over much of the nearshore with RMS errors typically within 0.5m.  

4.5 Spatial and Temporal Variations 

 It is assumed that spatial and temporal variations of the incident wave field are being 

accurately reflected in the data.  By using video systems, we are not concerned with the absolute 

energy associated with the waves.  Instead, we are examining the spatial and temporal scales of 

the wave field and assume that video pixel intensities reflect the wavenumber-frequency 

distribution of the wave field accurately (as in Dugan, et al 2001a).  Utilizing the σ,k  pairs 

throughout the spectrum of sea and swell waves appears to minimize differences that may arise 

and results suggest that the video representation works well under most conditions. 
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Chapter 5 

Conclusions 

 The technique described herein relys on shore-based video imaging and linear wave 

theory and demonstrates a new method for estimating bathymetric changes in the nearshore on a 

daily basis from very near the shoreline to about 5m water depths.  Such techniques have already 

been developed  and tested for airborne systems (Dugan, et al., 2001a, 2001b, 2002), and the 

methods used in this study follow these but have been modified for fixed land-based 

deployments.  Individual water depths are determined by wavenumber-frequency analysis 

obtained using a 3D FFT  of orthonormalized pixel intensities associated with a selected 100 x 

100 m square region of 12 minute duration with video images sampled at 3.75 Hz.  This process 

is then repeated by subsequently moving the region shoreward at 10 m increments until a profile 

of water depths has been estimated.  A total of 12 sample days between November 2006 – 

October 2007 were used in this study.  The accuracy of the technique was determined by 

comparing depth estimates with in situ surveys collected on corresponding days by the USACE 

FRF staff.   

  RMS errors were calculated based on the differences between the inversion technique 

and the in situ surveys in both the alongshore and cross-shore directions. Errors are generally less 

than 0.5-0.75 m within 300 m of the shore and often out to as much as 500 m from shore. 

Alongshore errors are also generally less than 0.5-0.75 m except where the pier influences the 

imagery.  



 32

 Despite the assumptions of a linear wave field and no nearshore currents the techniques 

appear to work well from 6 m water depths to regions very near the shoreline.  While there may 

be discrepancies associated with the pier (e.g. shadows, reflections, blockages) that introduce 

errors into the analysis, the overall results demonstrate the successful capability of video imaging 

techniques when combined with linear wave theory to accurately estimate nearshore water 

depths.  However, the results are obtained only when the in situ surveys were conducted under 

generally mild wave conditions ( rmsH < 1.0m).  Further investigations are required to determine 

under what range of environmental scenarios the technique can be applied. 
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